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The first two editions of Zoo and Wild Animal Medicine (ZAWAM) 
covered the world’s animal groups in a comprehensive fashion, as 
did the 5th edition published in 2003. The 3rd, 4th, 6th, and 7th 
editions reflected a Current Veterinary Therapy format focusing on 
specific topics of current interest. This edition returns to the overall 
taxa format and it is hoped that it will provide an updated reference 
for zoo and wildlife veterinarians around the world. It has been 
designed to offer a timely format with guidance to where more 
detailed information can be found. 

To ensure a “fresh” approach to this edition, each Senior Author 
has been changed from the ZAWAM 5. Many of the authors were 
chosen in their roles as Veterinary Advisors to the taxa that they 
review as it was felt that this provided a central overview to problems 
of that animal group. In some cases, authors generously donated 
their time to research species which are rarely held in captivity or 
studied in the wild. 

The problems of zoo animals and wildlife are worldwide, and as 
before, this edition reflects a diverse, international authorship. Senior 
authors represent 15 countries: Austria, Australia, Brazil, Canada, 
Denmark, France, Germany, Mexico, New Zealand, South Africa, 


Switzerland, Taiwan, The Netherlands, The United Kingdom, and 
the United States of America. 
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PARTI 


Amphibian Groups 


CHAPTER 
Anurans 
Norin Chai 


BIOLOGY 


More than 6200 species of anurans have been currently recorded, 
and these live on all continents except Antarctica. Although the 
larvae are aquatic, anurans have successfully expanded their habitats 
into numerous and markedly different ecologic types, in the Arctic 
Circle, in deserts, in tropical rain forests, and practically everywhere 
in between. Actually, 54 families are proposed; however, anuran 
taxonomy is still a matter of dispute. Table 1-1 lists some relevant 
families. The goliath frog (Conraua goliath), the largest anuran, is able 
o grow up to 33 cm and weigh up to 3 kg. The smallest known frog 
is Paedophryne amauensis (Microhylidae); with its 7.7 mm length, it 
is also the world’s smallest known vertebrate. In captivity, average 
ife spans are typically 4 to 15 years. The goliath frog may live up to 
21 years in captivity. 

In a strict sense, the term “toads” represent frogs belonging to the 
family Bufonidae. In a larger sense, “toad” is used for any terrestrial 
frog having “vvarty”—dry skin and parotid glands—voluminous 
glandular masses behind the eyes. Other frogs have smooth, moist 
skin vvithout vvarts and (most of the time) lack parotid glands. The 
terms “İrog” and “toad” are not clear. For instance, the European 
Fire-bellied Toad (Bombina bombina) is a vvarty, semi-aquatic “toad” 
vvith no parotids behind the eyes. 

Anurans are the best represented in zoos, compared vvith other 
amphibians. Some, such as Xenopus laevis and Silurana tropicalis, 
have been model species for research for many years. VVith the 
Amphibian Crisis, publicized by the EAZA in 2008 vvith the “Year 
of Amphibians,” wild anurans are now the focus of major global 
ecologic concerns, including pollution, climate changes, habitat 
destruction, and nonnative species translocation. Campaigns all 
around the world (for example, the Amphibian ARK) of awareness 
and information on amphibians, have led to a huge amount of infor- 
mation available online on the husbandry of many anuran species. 
Consequently, veterinarians are consulted more frequently for infor- 
mation on health and disease. 


ANATOMY AND PHYSIOLOGY 


All adult anurans are without a tail (the “tail” of tailed frogs [Ascaphus 
sp.] is, in fact, an extension of the male cloacae, used as a copulatory 
organ). Highly specialized in the hopping mode of locomotion, their 
long hind legs have given rise to their alternative name salientias 
(jumpers). However, considerable specialization exists in this regard. 
Some arboreal frogs may move by quadrapedal walking or climbing. 
Burrowing frogs dig head first with hind legs adapted for excavation. 
Eyes are voluminous; vision plays a great role in nutritional behavior. 
Prey movement triggers the feeding response. A nictitating mem- 
brane is present. Posterior to each eye, the circular tympanic mem- 
brane represents the ear externally. A large tongue is attached 
anteriorly and is folded back into the oral cavity such that its 
distal, bifid end lies posteriorly. The tongue is extended to catch 
insects. A single row of small teeth lies around the margin of the 
upper jaw. 

The coelomic cavity is not divided. The intestinal tract is rela- 
tively short and follows the normal vertebrate plan. The liver serves 


as an important erythropoietic center and plays an important role in 
immune function, the synthesis of nitrogenous compounds, antioxi- 
dation reactions, and the metabolism of various endogenous and 
exogenous substances. The gall bladder is intimately associated with 
the liver, with a bile duct connecting it to the duodenum. In some 
species, it joins the pancreatic duct before it enters the intestinal 
tract. The cloaca is present posteriorly. However, due to the absence 
of a tail, it appears to be located somewhat dorsally. 

Anurans are ectothermic and environmental temperature may 
really modulate their life history, influencing body temperature, 
evaporative water loss, digestion, and oxygen uptake, as well as 
the velocity of muscle contraction, locomotion, and vocalization. 
Anurans will compensate daily thermal fluctuation by modifying 
their behavior and metabolic changes, for instance, by oriented 
aerobic depression of several organs.’ Therefore, it is important to 
keep the animals within the preferred optimal temperature zone 
(POTZ). Some species (mostly temperate) hibernate and estivate. 
Anurans that hibernate in colder climatic conditions accumulate 
more energy before winter and even after emerging and before breed- 
ing. Fats are the preferred substrates of aerobic metabolism if oxygen 
is not limiting, and are the main source of at least 80% of the energy 
used during hibernation.” The skin not only has a protective and 
sensory capacities but also plays critical roles in thermoregulation, 
fluid balance, respiration, transport of essential ions, respiration, and 
sex recognition. 

The cutaneous gland (in the dermis) secretions may be irritating, 
toxic, and even potentially lethal, like the steroid alkaloid toxins of 
the poison frogs (Dendrobates and Phyllobates). One of the natura 
defenses of the skin is production of antimicrobial peptides in granu- 
lar glands.'* Discharge of the granular glands is initiated by the 
stimulation of sympathetic nerves. Antimicrobial peptides produced 
in the skin are an important defense against skin pathogens and may 
affect survival of populations. The skin has low resistance for water 
evaporation, and most anurans are vulnerable to rapid water loss. In 
terrestrial species, mucous or waxy substances are produced by a 
variety of glands to reduce evaporative water loss. All anurans may 
absorb water through the ventral pelvic skin and also reabsorb water 
in the kidney and from the urinary bladder. 

Amphibian lymph consists of all the components of blood, with 
the exception of erythrocytes. In anurans, the lymphatic system is 
highly developed and has a major role in fluid exchange and blood 
volume regulation. It is composed of pulsatile lymph hearts (that 
beat independently of the heart), an elaborate series of lymph vessels, 
and subcutaneous lymph sacs. Lymph flow is unidirectional; one-way 
valves are present between the sacs. Lymph heart failure should be 
in the differentials for subcutaneous and coelomic cavitary accumu- 
lations of fluid. 

In anurans, the primary nitrogenous waste may be ammonia, 
urea, or uric acid. Aquatic species excrete a higher concentration of 
ammonia, whereas many terrestrial anurans have evolved metabolic 
adaptations to excrete urea and even uric acid. Dehydrated animals 
will decrease their glomerular filtration rate, thereby accumulating 
ammonia in body tissues, which may lead to azotemia. Anurans seem 
to be quite resistant to high plasma urea levels. Urea is less toxic 
than ammonia and may be stored in body tissues until water may 
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TABLE 1-1 


Family Number of Species, Representative Species 


Geographic Location and Comments 


Bombinatoridae 10 species 


Bombina frogs (Bombina sp.) 


Eurasia 
Specialized glands in their skin secrete a toxin, which may cause 
irritation; often display the unken reflex when disturbed 


Pipidae 33 species 
Clawed frogs (Xenopus sp., Silurana sp.) 


Surinam toads (Pipa sp.) 


South America (genus Pipa) and sub-Saharan Africa (four other 
genera) 

Tongueless frogs, lack vocal cords, exclusively aquatic, and often 
found in animal facilities 


Hemiphractidae 100 species 
Marsupial frogs (Gastrotheca sp., 


Flectonotus sp.) 


Central and South Americas 
Marsupial female frogs possess a dorsal pouch, where fertilized 
eggs are kept; Gastrotheca riobambae is well represented in zoos 


Bufonidae 571 species Widespread on every continent except Australia and Antarctica 
True toads (Bufo sp.) Terrestrial, toothless, dry warty skin, a pair of parotid glands; all 
Common toad (Bufo bufo) males have the Bidder organ (potentially active ovary) 
Dendrobatidae 177 species Nicaragua to the Amazon Basin of Bolivia and to southeastern Brazil 
Poison dart frogs (Dendrobates sp., Small, very colorful frogs, famous for their toxic skin production; 
Phyllobates sp.) very popular with hobbyists and zoos; Phyllobates terribilis 
secrete one of the most dangerous venoms in the world 
Hylidae 926 species America, Eurasia to Australo-Papuan region; extreme northern Africa 
Known as “tree frogs” (Hyla sp., Litoria sp., Most are arboreal and have forward-facing eyes and have adhesive 
Phyllomedusa sp., Agalychnis sp.), even pads at the extremity of each finger; monkey frogs (Phyllomedusa 
though some hylids are terrestrial or bicolor) have parotid glands and were the origin of the prototypical 
semi-aquatic antimicrobial peptide family, the dermaseptins; white tree frog 
(Litoria caerulea) is a very popular pet frog 
Ranidae 355 species Worldwide except Antarctica 
“True frogs” Common frog (Rana sp.) Ranids species are commonly pet frogs; many wild populations are 


subjects of research work; also used in research facilities 


Leptodactylidae 189 species 
Argentine horned frog (Ceratophrys ornata), 
Smokey Jungle frog (Leptodactylus 


pentadactylus) 


Southern United States, Mexico, northern Antilles, south to Brazil 
Argentine horned frog, also called “Pacman frogs,” and Smokey 
Jungle Frog are very popular pets 


Microhylidae 519 species 


Tomato frogs (Dyscophus sp.) 


North and South America, sub-Saharan Africa, India to northern 
Australia 

Very colorful species of frogs; popular pets; Madagascar tomato 
frog (D. antongili) endangered as a result of deforestation and 
overcollecting for the pet trade 


be replenished. However, the limit after which toxic effects appear 
is not clear. Still, urea will be excreted rapidly on rehydration. 

Larval stages maintain gills for respiration, whereas adults pri- 
marily respire via the lungs and the buccopharyngeal cavity. In 
addition, all anurans show some degree of cutaneous oxygen 
respiration. ” 

The heart has three chambers, with two atria and one ventricle. 
All anurans show a complete interatrial septum, limiting the mixing 
of oxygenated and unoxygenated blood that still occurs in the single 
ventricle. The heart is seen contracting on the midline just caudal to 
the animals shoulders. A renal portal venous blood system exists. 


SPECIAL HOUSING REQUIREMENTS 


Housing requirements for anurans will definitively depend on their 
specific needs and their natural habitat. Hovvever, several key points 
should always be monitored. Providing an appropriate temperature 
gradient and a mosaic of thermal zones allovvs these animals to self- 
regulate their body temperature (heat lamps may desiccate the 
animals and should be avoided). Unlike reptiles, most sick amphib- 
ians recuperate better in a cooler rather than a vvarmer environment. 
Anurans that are kept above or belovv their POTZ may shovv signs 
of inappetence, vveight loss, agitation changes in skin color, immu- 
nosuppression, and bacterial overgrovvth. 


Monitoring hygrometry prevents evaporative vvater loss. Tadpoles 
and aquatic species need dechlorinated water. Water quality param- 
eters (ammonia, pH, and chlorine) should be routinely evaluated 
with home aquarium test kits. Poor water circulations, overcrowd- 
ing, or both commonly lead to water quality problems. Waste mate- 
rial and uneaten foods should be removed. Dilute chlorine bleach is 
a simple and good general disinfectant. Review of husbandry and 
zoological records is part of the diagnostic process. Most diseases 
come from a lack of understanding of specific management 
requirements. 


FEEDING 


In general, natural feeding is opportunistic. Although most tadpoles 
are herbivorous or omnivorous, all adult anurans are carnivorous, 
consuming a wide variety of live invertebrates and also mice, rat 
pups, fish, or any small vertebrates for the large ones. Terrestrial 
anurans only target moving prey. Many aquatic amphibians are more 
ikely to target food by scent and may consume inert food. Most 
anurans are voracious feeders and tend to eat anything that fits into 
heir mouth. Gastric overload and impaction, as well as ingestion of 
non-food items are fairly common. 

Frequency of feeding depends on the primary energy and 
nutritional requirements of the species, their seasonal activity, and 


breeding cycle. For energetic species such as Dendrobates sp., insects 
should remain in the enclosure between feedings so that the animals 
are fed ad libitum. In this case, having an insect farm is essential. In 
more sedentary species, which are prone to obesity, feeding rates 
should be adjusted accordingly. For instance, an adult Ceratophrys 
sp. is fed every 10 to 15 days (with various insects, neonatal or 
suckling mice, and dead adult mice [to prevent bites]). Digestion, 
assimilation, and metabolic rates generally increase with increased 
temperature, and feeding increases to a peak and then declines as 
temperatures become too high. 

Amphibians cannot synthesize carotinoids, including vitamin A.”” 
Nutritional disorders caused by unbalanced vitamin A supplementa- 
tion have been observed. ””” Analysis of longstanding husbandry 
practices shovved that ultraviolet B (UVB) exposure and dietary 
calcium-to-phosphorus ratio vvere deficient compared vvith vvild 
conditions—likely causing chronic underlying metabolic bone 
disease 2! 

The key point for feeding anurans in captivity is to provide few 
invertebrates of different species and of different sizes. In our zoo, 
we have our own insect and rodent farms: grasshoppers, crickets, 
locusts, mealworms, and mice. In our opinion, it would be hazard- 
ous to supplement the diet of the frogs and toads directly. It is better 
to prevent single-item food sources and give a balanced diet to the 
prey. A huge amount on feeding information of many species may 
be found in the hobbyist and professional literature.*’ 


RESTRAINT, ANESTHESIA, AND ANALGESIA 


Most anurans are docile; however, large ones may bite. Once a 
Ceratophrys sp. has bitten, it never opens the mouth (to prevent 
the prey from escaping!). Smooth nets, plastic bags, or gloves 
may be used for moving animals. Wrapping with wet paper 
towel is a good technique to restrain an animal for a quick exami- 
nation or for medication administration. Wearing moistened, 
powder-free gloves prevents the transfer of microorganisms from 
the hands of the clinician and also provides protection against 
secreted toxins. In all cases, manual restraint is used for short and 
nonpainful procedures. For a longer clinical examination, it is 
better to place the animal in a transparent container only used for 
this purpose. 


TABLE 1-2 


Drug Dosage and Route 
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General anesthesia may be required for biopsies, blood sampling, 
and surgical procedures such as gastrotomy and laparoscopic or 
exploratory surgery. Surgery and other invasive procedures are often 
perceived as painful. Thus, anurans should always be given analgesic 
drugs. Analgesia potentiates the effects of anesthetic drugs and 
reduces recovery time.” We have been using meloxicam empirically 
for several years at a dosage of 0.2 milligrams per kilogram (mg/kg). 
A recent study recommends systemic administration of meloxicam 
at a dosage of 0.1 mg/kg once daily.” In general, anurans do not 
require fasting prior to anesthesia. Their larynx remains tightly 
closed even under general anesthesia, and the chance of aspiration 
is very low. However, it is better not to feed large frogs and toads 24 
to 48 hours before anesthesia. The righting reflex is used as a primary 
indicator to determine the stage of anesthesia. Loss of this reflex 
suggests a light stage of anesthesia. A surgical plane is indicated by 
the loss of the withdrawal reflex. Anesthetized amphibians usually 
become apneic; abdominal and gular respirations may cease. Heart 
rate is a useful tool for anesthesia monitoring. Putting the frog in 
dorsal recumbency may help perform direct visualization. In our 
opinion, electrocardiography (ECG) leads are traumatic, and the use 
of alcohol may be deleterious. The drug of choice for sedation or 
anesthesia is tricaine methanesulfonate (MS-222), which has also 
demonstrated analgesic potential (Figure 1-1). Table 1-2 presents 
only those protocols that have been used and evaluated by us. More 
protocols may be found elsewhere.° Aquatic animals should have 
their head out of water during recovery. 


SURGERY 


Amphibians are generally good candidates for surgery. They are quite 
resistant to blood loss. Biopsies and skin surgery follow the same 
techniques used in other vertebrates. For biopsies, only a small 
surface of the skin may be taken, as it is not very extensible. When 
the surgery is too extensive (neoplasia or abscess), we may perform 
chemical cauterization with metacresolsulfonic acid and formalde- 
hyde 36% (Lotagen TM, Schering-Plough Animal Health). Lotagen 
has an astringent action on healthy mucous membrane and promotes 
granulation and epithelialization. We frequently use these com- 
pounds with good results. Coelomic exploratory and gastrointestinal 
surgeries are common procedures. 


Comments 


Tricaine methanesulfonate Tadpoles and aquatic frogs 


(MS-222) 0.25 to 0.5 g/L (Bath) 
Adult frogs and toads 
1 g/L (Bath) 
(see Figure 1-1) 

Isoflurane 5% in oxygen (inhalation or 


bubbling in bath) (see Figure 1-1) 


Buffer 2 g of MS-222 with 40 mL of Na;HPO, (0.5 mL/L). 
Induction times are variable. After induction, place the frog 
into a shallow amount of nonanesthetic water or on a wet 
towel. Recovery is generally achieved 30 to 90 minutes after 
the anesthetic is removed. 


Gentle stimulation encourages continued respiration. Effective 
but slow induction. 


2 to 3 mL/L (Bath) 


Isoflurane is sprayed directly into the water. 


0.01 to 0.06 mL/g (topical) 


Apply directly OR dilute 3 mL of liquid isoflurane in 1.5 mL of 
water, and 3.5 mL of K-Y Jelly. Shake until a uniform gel. 
This gel is applied at dosages of 0.025 to 0.035 mL/g. 


Lidocaine / Prilocaine 0.5 mL /150 g (topical) 


Short induction for 30 minutes of surgical plane. 


Medetomidin (M) / Ketamin (K) 
/ Meloxicam (Mel) / 
Butorphanol (But) 


M 0.5 mg/kg 

+ K 50 mg/kg 

+ Mel 0.2 mg/kg 

+ But 25 mg/kg (IM) 


Effective protocol in Xenopus laevis for heart surgery 
(n = 12, unpublished data). 

Reversed with atipamezole hydrochloride at equal volume to 
medetomidine IM. 


Butorphanol 25 mg/kg (IM) 


Unpublished data. 


Meloxicam 0.1 to 0.2 mg/kg (IM or ICe) 


g/L, Gram per liter; IM, intramuscular; mg/kg, milligram per kilogram; mL/g, milliliter per gram; mL/L, milliliter per liter. 
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FIGURE 1-1 Anesthesia with isoflurane of a Dendrobates tinc- 
torius. A, Hygrometry must be maintained high to prevent desicca- 
tion. B, Isoflurane bubbling in bath with a Xenopus laevis. C, Bath with 
MS222 of a Trachycephalus resinifictrix. (Courtesy of Norin Chai.) 


Presurgical preparations include hydration of the animal in a 
shallow water bath and prophylactic antimicrobial therapy (either by 
bath or injection). Preparation of the skin is accomplished by gently 
tapping the skin with cotton-tipped applicators and povidone-iodine 
solution diluted with sterile saline (4). Incisions should be made 
with one bold, clean stroke. When performing a laparotomy, the 
surgeon must take care of macroscopic glands, lymph hearts, and 
blood vessels, especially the midventral vein. The abdominal mem- 
brane is punctured and dissected smoothly. Everting-type suture 
patterns, with simple interrupted sutures using nonabsorbable mate- 
rial, are recommended for skin closure (Figure 1-2). Surgical tissue 
glues may also be used in conjunction with sutures for skin closure. 
Insufflation is needed in laparoscopy to improve the visibility of all 
organs. Management of cloacal prolapse sometimes requires surgery 
(Table 1-3). Veterinarians are sometime asked to surgically withdraw 
eggs for research purposes (Figure 1-3). Postoperative infections are 
rare in healthy animals.”" 


CLINICAL TECHNIQUES 


Clinical signs are generally nonpathognomonic. Thorough physical 
examination (evaluation of locomotion, responsiveness to stimulation 
and novel environmental factors, behavior, respiratory rate, body 
condition, hydration status, abdominal palpation, etc.) should be 
followed by several clinical tests. Magnification and a good light 
source may be extremely helpful for close examination, especially in 
ophthalmology (Figure 1-4). In dermatology, skin scraping and 
smears (which are less traumatic) are easy and useful clinical tech- 
niques. Use of Wright-Giemsa or acid-fast staining provides cellular 
definition. With bloating, aspiration and analysis of fluid (e.g., total 
protein, cell count, and cytologic examination) should be performed 
in most cases and will help exclude some infectious causes of effu- 
sion such as bacterial septicemia (Figure 1-5). Fluid samples with 
ow total protein and low cell counts and samples that lack cytologic 
evidence of an infectious agent are more likely to be associated with 
organ dysfunction or physiologic and environmental factors. Fresh 
eces should be collected for fecal examination and culture. In 
anorexic animals, force-feeding may be necessary before obtaining a 
ecal sample. 

In ectotherms, about 50% of the blood may be removed at one 
ime. The smallest frog from which 0.2 milliliter (mL) may be 
sampled weighs 4 grams (g) and that from which 0.5 mL whole 
blood may be removed weighs 10 g. The blood volume of a Xenopus 
laevis is 13.4% of the body weight. However, we generally consider 
a frog's blood volume to be 10%. Ten percent may be withdrawn 
safely from healthy frogs and 5% from ill frogs. In large specimens, 
blood sampling may be done from the ventral vein. In our experi- 
ence, cardiocentesis is the easiest method to use in the majority of 
amphibians (Figure 1-5). An appropriately sized needle (generally 
25- to 27-gauge) is inserted into the apex, and blood is taken from 
the ventricle. The aspiration is slow with a heparinized syringe. 

It is wise to make only two attempts. Lithium heparin is the 
preferred anticoagulant, because EDTA lyses the red blood cells. 
Individual species exhibit dramatic hematologic variations, depend- 
ing on the sex, local environment, season, and metamorphic state. 
Interpretation on hematologic and plasma biochemistry values on a 
single animal is questionable. It may be more relevant to repeat blood 
work or to compare with a clinically normal animal of the same age 
and sex living in the same environment. Thus, we have chosen not 
to give here physiologic and hematologic values of anurans species. 
These values may be obtained elsevvhere.””” However, evaluation of 
a blood smear may help the clinician appreciate cellular changes (the 
assessment of the differential white blood cell count, cellular mor- 
phology, incidence of toxic changes, inclusion bodies, bacteremia). 
In anurans, the neutrophil-to-lymphocyte ratio seems to positively 
correlate with corticosterone during all periods. This ratio is useful 
to gauge the stress level of anurans.'* Lymph and blood plasma are 
isotonic and similar in composition. They are frequently accepted as 
being equivalent. As lymph may be extracted more easily with less 


A, Removing the filarial nematodes in a Phyllomedusa 
bicolor under light anesthesia. B, After incision, the parasites were 
taken out very gently with an ophthalmic hemostatic grip. C, The skin 
was closed with a single suture point. (Courtesy of Norin Chai.) 


risk of serious injury, lymph work for biochemistry values could be 
an interesting alternative to blood work. A paper describes a safe 
technique developed in tree frog (Litoria caerulea)” Radiography is 
mainly used to detect suspected foreign body and skeletal disease. 
Ultrasonography is more useful for detailed evaluation of soft tissue 
structures. Using clinically normal individuals for comparison is 
helpful when ultrasound results appear unfamiliar. In many cases, 
use of a water-filled plastic bag or a plastic container improves 
imaging and minimizes direct contact. 
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Withdrawing eggs surgically in a Xenopus laevis. 
A, One bold stroke is made, leaving a clean incision. Eggs (a small 
amount or the entire grape) are withdrawn by smooth dissection. 
B, No coagulation is needed. C, Everting-type suture to close the skin. 
(Courtesy of Norin Chai.) 


Infectious and Parasitic Diseases 


Selected bacterial infections, viral infections, fungal infections, and 
parasitic diseases of anurans are summarized in Tables 1-4, 1-5, 1-6, 
and 1-7, respectively. Bacterial diseases are important causes of mor- 
bidity and mortality, common consequences of other problems such 
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Some ophthalmic features. A, Abnormal corneal vascularization in a Phyllomedusa; 
fluorescein staining will reveal an ulcer. B, Adherences of the eyelids caused by dehydration in a 
Phyllomedusa. C, Funduscopic examinations (no tapetum is present) in a Trachycephalus. We may 
also see a local lens opacification. D-F, Dramatic evolution of lipid keratopathy in a Litoria. (Courtesy 
of Norin Chai.) 


as traumatic injury in unsanitary captive situations, and may be 
secondary to viral infections and mycotic skin infections. Most bacte- 
rial environmental agents become pathogens in stressed animals. The 
majority of pathogenic bacteria are gram-negative organisms, yet 
gram-positive bacteria may also produce significant disease. Red leg 
syndrome is so named because of hyperemia of the ventral skin of 
he thighs and abdomen of septicemic anurans. Bacterial dermosep- 
icemia is an important concern. Historically, this syndrome has been 
associated with Aeromonas hydrophila, but many other infectious 
agents produce similar integumentary signs. Only atypical mycobac- 
eria have been isolated in anurans.” Widely accepted treatments do 
not exist. However, a recent paper proposes a propagation method 
of saving valuable strains from an epizootic infection in Western 
clawed frogs (Silurana tropicalis).’ Reports of chlamydiosis among 
both wild and captive populations of anurans have been published.’ 
Clinically healthy anurans may carry agents of zoonotic concerns 
(Salmonella, Leptospira). Knowledge of anuran viral diseases has 
increased. In the past, overdiagnosed bacterial diseases (when they 
are secondary infections) and postmortem misinterpretation may 
likely contribute to underdiagnosis of viral diseases. The most sig- 
nificant and well-studied anurans viruses are Ranaviruses (Iridoviri- 
dae).'' Fungal organisms are relatively common pathogens in 
anurans. In general, infections are acquired from the environment, 
as these agents are ubiquitous. The chytrid fungus Batrachochytrium 
dendrobatidis (Bd), associated with the decline of the amphibian 
population around the world, is one of the most well-described 
pathogens of anurans./” In addition to treatments that have been 
described previously, chloramphenicol has been shown to be 


effective: 24-hour bath with 20 milligrams per liter (mg/L), changed 
daily for 2 to 4 weeks. A huge variety of parasites occur in captive 
and wild anurans.”” As a rule, treatment must depend on the type 
of organisms identified and the parasites load quantified. The topic 
is wide; Table 1-7 lists only a few selected agents. As a rule, along 
with optimal husbandry practices, quarantine and health screening 
of newly imported or collected animals are paramount. 


Noninfectious Diseases 


Noninfectious medical problems are commonly encountered in 
captive anuran species. Selected noninfectious diseases, categorized 
by clinical signs or syndromes, are listed in Table 1-7. Rostral abra- 
sions are very common in captive anurans. These are often seen after 
rough shipment or in excitable or stressed animals. Anurans are 
sensitive to environmental toxins and UV radiation. Exposures have 
been linked to impaired growth, development, immune function, 
and reproduction.*'’ Care must be taken when using disinfectants, 
as they may be associated with toxicity and acute death. Dilute 
chlorine is the disinfectant of choice but must be removed with 
copious rinsing from the environment after use. As mentioned 
before, nutritional disorders are not uncommon. Moreover, they may 
have subtle effects and only be diagnosed in advanced cases. A good 
growth may be achieved in spite of nutritionally unbalanced diets, 
but asymptomatic poor health and increasing susceptibility to 
concurrent diseases will result eventually. Noninfectious causes of 
dermal masses are relatively rare. In all cases, aspiration or biopsy 
for histology (with acid-fast staining) must be performed. Various 
neoplastic diseases are reported to occur in amphibians.” 
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Some clinical techniques. Impression smears on a rostral abrasion in a Trachycephalus 
(A); for blood sampling, the needle is introduced either through the sternum in a Dendrobates (B) or 
under the sternum in a Litoria (C). Skin biopsy in a Xenopus (D). Fluid ponction of a hindlimb swelling 
in a Xenopus; the aspect suggests an inflammatory cause (E), and the etiology was a sarcoma. Liver 
biopsy by endoscopy in a Lepidobatrachus (F). (Courtesy of Norin Chai.) 


Deformities in the wild populations of anurans have been described 
for more than a decade. Recent papers have included interesting 
reviews on the subject.*'° One reinforces the hypothesis of selective 
predation on tadpoles by dragonfly nymphs and other aquatic 
predators.’ 


Therapeutics 


Again, before any treatment, a complete review of husbandry is 
paramount. Resolving environment defects is part of the therapeutic 
process. Anurans have a low metabolic rate but a high turnover of 
their body fluids. The weight is very variable, depending on the state 
of hydration. The clinician should not hesitate to reweigh the animal. 
Sick anurans have a metabolic rate higher than that of the healthy 
subjects. Administration of medications in anurans remains mainly 
empirical.” Intramuscular (IM) injection is done when sufficient 
muscle mass is present, in the forelimbs and hindlimbs as well. The 
significance of the renal portal system on drug kinetics and toxicity 
is not clearly demonstrated. Subcutaneous injections are rarely done 
in practice. Intralymphatic injections are quite effective and are 
usually done in the back dorsal quadrant, but the location may vary 
among species. Topical application reduces the need for handling 
he animal and is especially useful for small patients. Baths are com- 
monly used, less stressful, and also effective. Fluid therapy may be 
accomplished while placing the animal in the classical “amphibian 
Ringer solution” (6.6 g sodium chloride [NaCl], 0.15 g calcium chlo- 
ride [CaCl’], 0.15 g potassium chloride [KCl], and 0.2 g sodium 
bicarbonate [NaHCO;] per liter of fresh dechlorinated water). If 
amphibian Ringer solution is not available, a solution comprising 


four parts lactated Ringer solution to one part 5% dextrose may be 
used. In debilitated adult anurans, high-energy, critical-care cat food 
may be used for force-feeding. These may be given initially at 1% of 
body weight once a day, diluted 50:50 with chlorine-free fresh water, 
and then gradually increased to 2% of body weight. Weighing the 
animal regularly is paramount. 


Reproduction 


Males produce territorial and courtship vocalizations. The thumbs 
present hypertrophies in males (nuptial pads) to help them hold the 
female during amplexus. If sexual dimorphisms are not obvious, 
sexing may also be achieved by using ultrasonography (Figure 1-6). 
The ovaries vary in size, depending on the stage of the reproduc- 
ive cycle, and may be massive, occupying a large part of the pleu- 
roperitoneal cavity. The small, ovoid testes of the male are much less 
apparent, being confined to their relatively dorsal position and thus 
covered by other viscera. Stored nutrients in the fat bodies are pri- 
marily used to nourish the developing gametes. Thus, they vary 
greatly with the stage of the reproductive cycle. Except in the genus 
Ascaphus, fertilization is external in Anurans. Eggs are usually laid 
in water or moist locations. Anurans generally have an aquatic 
adpole or larval stage and undergo metamorphosis to produce the 
radically different adult form. However, some members of the 
Pipidae produce eggs that develop directly into juvenile frogs. Some 
species of Nectophrynoides (Bufonidae) are viviparous. In Gastrotheca 
sp. (Hylidae), the juvenile frogs develop directly in pouches in the 
female’s skin. In Rhinoderma darwinii (Rhinodermatidae), the tad- 
poles complete their development in the vocal sacs of the male. Every 
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Bacteria 
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Species Affected 


Signs 


Management 


Red leg syndrome (bacterial 
dermosepticemia): 

Aeromonas, Pseudomonas, 
Enterobacteria (Citrobacter, 
Proteus Salmonella), 


Most species 


Generalized systemic bacterial 
disease with cutaneous 
erythema, swelling, edema 

(generalized or localized to 
extremities), coelomic 


Difficult diagnostic (many 
commensals bacterial) 

Body fluids sampled 

Smears and fast staining 

Biopsy for histology, bacteriology 


Streptococcus, effusions, skin erosions, and sensitivity 
Staphylococcus ulcers, sloughing, necrosis, Review husbandry 
anorexia, sudden death Reduce stress 
Targeted antibiotics concurrent 
with an antifungal drug 
Supportive care 
Flavobacterium Widely present in aquatic Nonspecific Diagnostic with bacterial culture 


(Flavobacteriosis): 

Flavobacterium oderans, 
Flavobacterium indologenes, 
Flavobacterium 
meningosepticum 


environments 


Leopard frog and Wyoming toad 


(Bufo hemiophrys baxteri) 


effusions in the lymphatic 
sacs, hydrocoelom, lingual or 
corneal edema, meningitis, 
incoordination, petechiation, 
visceral congestion 


and molecular analysis 

Antibiotic therapy based on 
antimicrobial sensitivity testing 
using premortem bacterial 
culture 


Mycobacteriosis: 

M. chelonae subsp. abscessus, 
M. gordonae, M. fortuitum, 
M. marinum, M. avium, M. 
xenopi, M. szulgai, M. liflandii 


Chlamydiosis: 

Chlamydophila psittaci, 
Chlamydophila pneumoniae, 
Chlamydia suis, 
Chlamydophila abortus 


Mostly described in African 
clawed frogs (Xenopus sp., 
Silurana [Xenopus] tropicalis) 

Also observed in various 
species 

Various wild and captive 
anurans, including the clawed 
frog (Xenopus sp.), Gunther's 
triangle frog (Ceratobatrachus 
guentheri), the giant barred 
frog (Mixophyes iteratus) 


Chronic granulomatous infection 
All tissues may be involved 
No pathognomonic clinical signs 


Systemic infection with 
pyogranulomatous aspect, 
pneumonia, petechiation, 
sloughing of skin, ulcers, 
cutaneous depigmentation, 
hydrocoelom, lethargy, 
anemia, pancytopenia, 
hepatitis, splenitis, and high 
mortality rate 


Histology, acid-fast staining 
Culture on liquid and solid media, 
molecular diagnostic methods 

No widely accepted treatments 


Differentiate from red leg 
syndrome and ranaviral 
infections by cell culture, 
histology, immunofluorescence, 
immunohistochemistry, electron 
microscopy, PCR testing 

Liver is the organ of choice for 
histological 

Oral administration of tetracycline- 
class antibiotics 


Nonhemolytic group B 


American bullfrog (Rana 


Necrotizing hepatitis, splenitis 


Streptococcus also may be 


Streptococcus catesbeiana) and nephritis cultured from healthy frogs 
Brucella inopinata-like Big-eyed tree frog (Leptopelis Subcutaneous abscesses Surgical debridement 
bacterium vermiculatus) Fluoroquinolone 
Facultative zoonotic pathogens 
TABLE 1-5 
Virus Species Affected Signs Management 


Ranaviruses: 

İridoviridae family 

Frog virus 3 (FV-3) (ranavirus 
type 1) and FV-3-like 

Bohle iridovirus (BIV) 

Rana esculenta virus (REIV) 


Anurans worldwide but mostly 
pre- or perimetamorphic life 
stages are most susceptible 

FV-3 seen in Ranids and Hylids 

BIV, virulent pathogen of the 
burrovving frog 
(Lymnodynastes) 

May infect other species 

REIV, seen in edible frogs 
(Pelophylax kl. esculentus) 


Sudden death 

Lethargy, anorexia, abnormal 
body posture, erratic 
swimming, necrotizing and 
ulcerative dermatitis, 
erythematous skin particularly 
around the mouth or base of 
the hindlimbs, systemic 
hemorrhages and necrosis, 
gastrointestinal ulceration 


Differentiate from red leg syndrome 
and chlamydiosis by cell culture, 
histology, immunofluorescence, 
immunohistochemistry, electron 
microscopy 

Polymerase chain reaction (PCR) 
testing 

Supportive care and control of 
secondary bacterial infection 

Acyclovir may have a potential clinical 
use in controlling the disease 


Frog erythrocytic viruses: 
İridoviridae family 


İn erythroeytes of bullfrogs 
(Rana catesbelana), green 
frogs (R. clamitans), mink 
frogs (R. septentrionalis), 
marine toad (Bufo marinus) 


No clinical signs recorded 

No gross or histologic findings 
have been reported 

Possible anemia 


May be transmitted mechanically by 
the mosquito (Culex territans) or 
midge (Forcipomyia fairfaxensis) 

FEV inclusions are large acidophilic 
inclusions 


TABLE 1-5 


Virus 


Species Affected 


Signs 
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Management 


Herpesviruses: 

Ranid herpesvirus-1 

(RaHV-1 or Lucke herpesvirus) 

Herpesvirus of Rana 
dalmatina (HVRD) 


RaHV-1 seen in Leopard frog 


(Rana pipiens) only 
HVRD seen in Spring frog 
(Rana dalmatina) 


RaHV-1-induced renal carcinoma 

Possible metastasis to other 
organs 

HVRD may induce cutaneous, 
vesicles, epidermal hyperplasia 


Intranuclear inclusions 

Lucke herpesvirus replicates only at 
temperatures below 12°C 

Diagnosis of RaHV-1 is through light 
and electron microscopy 


Adenoviruses: 

Frog adenovirus 1 (FrAdV-1) 

Crotalus calicivirus type 1 
(Cro-1) 


Parvovirus-like viruses 


FrAdV-1 isolated from Leopard 


frog (Rana pipiens) 


Cro-1 isolated from a horned 
frog (Ceratophrys ornata) 


Spring peepers (Pseudacris 


crucifer) 


FrAdV-1 induces kidney tumors 
No clinical signs recorded for 
Cro-1 


Degeneration, atrophy, and 
necrosis of the tongue and 
limb musculature 


FrAdV-1 has also been isolated in 
healthy vvild frogs 


Lesions vvith eosinophilic intranuclear 
inclusion bodies 


Retroviruses 


Various species, including 


experimental hybrid Asian 


frogs and toads 


Pancreatic carcinomas with 
C-type retrovirus 


Pathogenesis is not actually clear 
An endogenous virus has been 
sequenced from Xenopus laevis 


Caliciviruses Isolated in two horned frog Both animals had pneumonia For some authors, the cause and 
(C. ornata) effect are not established 
TABLE 1-6 
Fungi Species Affected Signs Management 
Chytridiomycosis Various Clinical signs result in the alteration of | Cytology of stained or unstained 
(Batrachochytrium The number of species of the skin and opportunistic skin smears for the detection of 
dendrobatidis) anurans is increasing secondary infections. Skin lesions zoosporangia 
constantly (hyperemia, dysecdysis, hyperplasia, | Histopathology 
Many species have been small skin ulcers or necrosis of Molecular methods (high sensitivity 
shown experimentally to digits/feet), dehydration. Loss of and specificity) 
be highly susceptible to righting reflex, lethargy, abnormal Treatment with itraconazole, 
the diseases behavior, death. Often no gross chloramphenicol, and supportive 
Tadpoles are usually lesions evident. care 
infected subclinically 
Zygomycoses Reported in Wyoming toad Lethargy, and multifocal hyperemic Cytology on smears, histology, 


(Mucor sp. and Rhizopus sp.) 


(Bufo baxteri), giant toad 
(Bufo marinus), Colorado 


River toad (Bufo alvarius), 


White's tree frog 
(Pelodryas caerulea) 


nodules with visible fungal growth 
particularly on the ventral 
integument 

Systemic infection with nodules and 
granulomas in a variety of internal 
organs 

Progressive weight loss 

Death 


culture 
To date, no successful treatment 
Zygomycetes are found in soil and 
decaying material 


Chromomycosis 
(Phialophora sp., Fonsecaea 
sp., Rhinocladiella sp., 

Cladosporium sp.) 


Various wild and captive 
anurans 


Progressive weight loss, anorexia 

Two clinical forms 

Cutaneous: swelling, dermal nodules 
and ulcers 

Systemic: granulomas in kidney, 
lungs, liver, spleen 


Cytology on smears, histology 
(pigmented hyphae), culture and 
identification 

No treatment to date 


Saprolegniasis 
(Saprolegnia sp. and related 
fungi: Achlya, Leptolegnia) 


Aquatic frogs and tadpoles 


Erythematous or ulcerated skin with 
fluffy or cottonlike texture 
ild inflammatory response 

Death may result from 
osmoregulatory impairment 


Histology, culture of the water mold 
Molecular testing 
Improve husbandry 
Bath treatment with 
benzalkonium chloride, copper 
sulfate, potassium permanganate 


Mesomycetozoans 

(Amphibiothecum sp. 
(formerly Dermosporidium 
sp.), Amphibiocystidium 
sp., and Ichthyophonus sp.) 


Various anurans, including 
bufonids, ranids, and 
hylids 


Dermal nodules filled with spores 
typically located in the ventral 
dermis 
In general healing within 4 to 8 weeks 
yositis associated with 
İchthyophonus-like fungi was 
reported 


Standard supportive care 

However, ichthyophoniasis may lead 
to death, especially in adult frogs 
by debilitation and emaciation 

Implication of amphibian leech 
(Placobdella picta) in 
Ichthyophonus sp. transmission 
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TABLE 1-7 


Selected Parasitic Diseases 


Parasitic disease Etiology Location Signs and comments 

Amebiasis Entamoeba ranarum Colon, a renal form in B. marinum, Anorexia, weight loss, gastrointestinal 
hepatic abscessation disorders, edema and coelomic fluid 

Treatment with metronidazole 

Trypanosomes T. inopinatum, Blood Hemorrhage, swollen lymph glands, 

Trypanosoma T. rotatorium, anemia, and death 

sp. T. pipientis 

Coccidiosis Eimeria and Isospora Gastrointestinal tract, kidneys Weight loss, diarrhea, dehydration, 


nephritis 
Most in young or stress animals 


Microsporidiosis 


Microsporidium sp., Pleistophora 
myotrophica, Alloglugea sp. 


Striated muscles 


Wasting, poor body condition 
Vertical transmission seen with 
M. schuetzi 


Myxozoan infection 


Chloromyxum sp., Myxidium 
immersum, Myxobolus hylae 


Kidney, gallbladder, reproductive 
organs, intestines 


No established treatment for anurans 


Rhabdia infection 


Rhabdia sp. 


Lungs, some may encyst in other 
organs, inducing granulomas 


Most common lungvvorms in anurans 
Isolate infected animals. Treatment 
with ivermectin orlevamisole baths. 


Capillarioid nematode 


Pseudocapillaroides xenopi 


Epidermis of Xenopus sp. 


Weight loss, sloughing of the 
epidermis, erythema, ulcers, and 
death 


Trematodes 


Encysted metacercariae 
generally involved 


Lungs, urinary bladder, kidney, 
gastrointestinal tract, and skin 


Disease is associated with high 
numbers of trematodes encysting 
or migrating through host tissues. 


Filarial nematodes 
(see Figure 1-2) 


Dracunculus 
Foleyella 


Subcutis and also coelomic cavity 
and tissues for Foleyella 


Remove the worms through a skin 
incision 
Look for microfilaria in the blood 


Acanthocephala 


Acanthocephalus ranae 


Stomach and intestine 


Can cause perforation, coelomitis, and 
death 
No treatment known 


External parasites 


FIGURE 1-6 Sexing two Bufo paracnemis 
by ultrasonography. Male (A) and female 
(B). In the female, the irregularly shaped 
ovaries are generally conspicuous, “speck- 
led” structures containing developing follicles 
that are usually visible. (Courtesy of Norin 


Chai.) 


Most leeches 

Larvae of trombiculid mites 
(“chiggers”) 

Amblyomma ticks 


Skin vvith focal congestion and 
hemorrhage 


Treatment for external leeches: 
hypertonic saline bath 

Treatment for chiggers: long-term oral 
or topical ivermectin 


species has its reproductive strategies and biology. To stimulate 
reproduction, environmental conditions have to be arranged to sim- 
ulate changes in natural habits: raining, cooling, heating, varying 
photoperiod, and varying amounts of food. Optimal reproduction 
of one species in captivity is linked to extensive knowledge of its 
natural biology. 
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CHAPTER 


—— 


BIOLOGY 


Taxonomy 


The order Caudata comprises 10 families of salamanders, the tailed 
amphibians (Table 2-1).” The earliest fossil record for this group 
dates back to the Jurassic period, over 150 million years ago. Their 
present distribution is primarily Holarctic, limited to the northern 
hemisphere regions of North and Central Americas, Europe, Asia, 
and northern Africa, with relatively few species occurring below the 
equator in South America. The largest family within the order is, by 
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far, the Plethodontidae, a diverse group of lungless salamanders, 
containing nearly 70% of all species of Caudata. 


Unique Anatomy 


As the name implies, the unifying anatomic feature of this order is 
the presence of a tail. The plethodontid salamanders exhibit tail 
autotomy as a defensive mechanism, and many have a visible con- 
striction at the cleavage site near the base of the tail.” Generally, 
Caudata species have four limbs, except for the Sirenidae, which 
have small forelimbs and no hindlimbs. The Amphiumidae have four 
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Families of Caudata 

Family Name Common Name Species 

Ambystomatidae Mole salamanders 34 

Amphiumidae Amphiumas 3 

Cryptobranchidae Giant salamanders 3 

Dicamptodontidae Pacific giant salamanders 

Hynobiidae Asian salamanders 59 

Plethodontidae Lungless salamanders 435 

Proteidae Mud puppies, olms, and 6 

water dogs 

Rhyacotritonidae Torrent salamanders 4 

Salamandridae True salamanders and newts 98 
Sirens 4 


Sirenidae 


small vestigial limbs with only one, two, or three digits per limb, 
varying by species. 

The larvae of salamanders and their relatives are distinguished 
from anuran tadpoles by the presence of external gills. As larvae 
undergo metamorphosis, the gills regress. Some fully aquatic species 
such as the axolotl (Ambystoma mexicanum), the Sirenidae, and the 
Proteidae, are neotenic, or pedomorphic, retaining the juvenile gills 
hrough adulthood. 

Lungs are reduced in the torrent salamander family, Rhyacotrito- 
nidae, and in the Central Asian salamander, Ranodon sibiricus, and 
ungs are completely absent in the Plethodontidae and in the clawed 
salamanders, Onychodactylus spp. All other members of Caudata, 
including fully aquatic and neotenic species, do possess lungs.*! 

Sexual dimorphism varies greatly among species, and visible dif- 
erences between sexes may be subtle. Females may be larger and 
have wider coelomic cavities compared with males in some species, 
whereas males may be drastically larger in others with competitive 
mating systems. Many male European newts (i.e., Triturus spp., 
Ommatotriton spp.) display ornate dorsal crests during the breeding 
season. A variety of male secondary sexual characteristics have 
evolved in the Plethodontidae, including mental glands, tail glands, 
cirri, and hypertrophied jaw muscles, which may become exagger- 
ated seasonally during breeding. Some newts develop darkly colored 
keratinized nuptial pads, or excrescences, along the forelimbs or 
hindlimbs to aid in gripping females. Some male salamanders and 
newts also develop swollen vents from enlargement of seasonally 
responsive cloacal glands for the production of spermatophores.” 
The hyobranchial apparatus is dramatically adapted to rapidly 
project the tongue and associated skeletal elements out of the 
mouth as a ballistic feeding mechanism in several genera of the 
Plethodontidae. In Hydromantes, tongue protraction is driven by 
dorsolaterally positioned subarcualis rectus muscles that extend from 
he floor of the mouth caudally past the forelimbs. The tongue is 
retracted by the rectus cervicis profundus muscles originating on the 
posterior pelvis and continuously running along the ventral abdomen 
o the tongue pad and are coiled near the heart between feeding 
events. Such essential feeding structures should be considered 
during any invasive procedure on these lungless salamanders. 


Special Physiology 

Mechanisms of respiratory exchange in Amphibia are remarkable for 
the taxa as a whole and may occur via four routes: branchial, buc- 
copharyngeal, cutaneous, or pulmonary. The Caudata are unique in 
the extent to which different families have adapted to different 
primary routes. Branchial respiration is present in all amphibians 
as larvae, whereas only some neotenic salamander species retain 
this means of respiration as a primary route through adulthood. 


Cutaneous respiration is also employed by all amphibians to various 
degrees, although to a greater extent in caudates than in anurans. In 
anurans, cutaneous respiration occurs primarily as a means of carbon 
dioxide exchange, with the majority of oxygen exchange occurring 
in the lungs.*'’' Most caudates, by comparison, take up most of their 
oxygen through cutaneous respiration, even in species that possess 
lungs.” Respiratory capillaries are concentrated in the skin in taxa 
that rely on the cutaneous route as the primary site for gas exchange, 
as in the lungless Plethodontidae and aquatic Cryptobrachidae. The 
cryptobranchids also use modified skinfolds to increase surface area 
and vascularization to enhance respiratory exchange underwater.” 


SPECIAL HOUSING REQUIREMENTS 


Most salamanders come from habitats with relatively stable thermal 
environments. These temperatures, by and large, are substantially 
lower than the preferred temperatures of many frogs, with normal 
activity and feeding in most caudates typically occurring between 
10° C and 18° C. Depending on the species in question, surface 
activity and even reproduction may occur at temperatures near freez- 
ing. Air conditioning and water chillers are required to maintain 
desired temperatures in most facilities. Thermoregulation in most 
species is limited to selecting refugia of the appropriate tempera- 
ure.*' Providing a thermal gradient within the enclosure is optimal, 
allowing the animal to choose its preferred body temperature. 
Humidity levels which limit water loss are a critical component of 
refugia selection by terrestrial salamanders and may be a more 
important criterion than te mperature.” 

m the case of all caudates, it is important to completely secure 
he enclosure to prevent escapes. Many species are highly adapted 
or climbing smooth or slippery surfaces and wedging into very small 
crevices. These traits translate to scaling glass or smooth plastic with 
ease and exploiting any gap around the lid, drain cover, or intake 
filter of a pump. Foam weather stripping, silicone sealant, or duct 
ape should be used to seal gaps around lids, and fiberglass screening 
o prevent salamanders from entering the plumbing. Large aquatic 
salamanders such as cryptobranchids, amphiumas, and sirens are 
powerful swimmers and may leap to knock off an unsecured tank 
id. In the case of smaller species and juveniles, plastic shoeboxes, 
ood storage containers, or plastic deli cups with tight fitting lids 
with minimal modification are sufficient to securely house small 
salamanders. 

Organic substrates should be thoroughly soaked in clean water 
and the enclosure established prior to introducing salamanders. As 
in a new aquarium, a cycle of bacterial and fungal colonization and 
sequential establishment occurs on these substrates when they 
become wet, with associated byproducts of nitrogen decomposition. 
Substrates should be regularly rinsed and allowed to “cycle” until 
any stagnant or foul smelling odors dissipate. The addition of spring- 
tails (order Collembola) to the substrate may also facilitate the 
decomposition of waste and serve as a supplemental food source for 
smaller salamanders. 

Most salamanders exhibit a nocturnal or crepuscular activity 
pattern and seek refuge under stones, logs, leaves, or woody debris 
or in burrows or rock crevices when not active. As such, suitable 
refugia should always be provided in a captive setting to mimic 
these environments. All cage furnishings, particularly large rocks, 
should be stably secured to prevent shifting, which could crush 
salamanders. 


FEEDING 


Most salamanders are eager and enthusiastic feeders so long as the 
appropriate food items are provided. A salamander that frequently 
refuses food is likely suffering from compromised health or an inad- 
equate environment. Unlike most frog species, many salamanders 
use olfactory cues in conjunction with movement to detect food. As 
a result, some species (typically aquatic taxa) will feed on nonliving 


foods, including frozen thawed insect larvae and even commercially 
available pelleted foods. Many aquatic salamanders and larvae use a 
lateral line system, similar to that of fish, to detect movement of prey 
underwater. By and large, live moving food items are more readily 
detected and eaten by all salamanders. Many caudates have occasion- 
ally been documented to eat other salamanders, and the risk of 
consumption of smaller taxa or conspecifics should be considered 
in husbandry. 

A broad diversity of invertebrates comprises the staple diet of 
most salamander species. Earthworms and nightcrawlers (Lumbricus 
terrestris and others) are an excellent food source for many terrestria 
and aquatic taxa, although the “red wiggler” (Eisenia foetida) sold for 
bait and composting may be refused because of its production of 
yellow defensive secretions. Smaller worm species that may be used 
for larval and adult salamander food include California blackworms 
(Lumbriculus variegatus), tubifex worms (Tubifex spp.), whiteworms 
(Enchytraeus albidus), Grindal worms (Enchytraeus buchholzi), and 
microworms (Panagrellus spp.). Insects provide the staple diet of 
most terrestrial salamanders. In captivity, the most readily available 
and useful feeder insects include the domestic cricket (Acheta domes- 
tica), wax moth larvae (Galleria mellonella), house fly larvae (Musc 
domestica), fruit flies (Drosophila melanogaster and D. hydei), bean 
beetles (Callosobruchus maculatus), terrestrial isopods (woodlice), and 
springtails. Aquatic insect larvae form an important dietary compo- 
nent of many salamander larvae, although their availability is limited 
in captivity. Fly larvae such as bloodworms (family Chironomidae) 
and glassworms (family Chaoboridae) are occasionally available at 
pet stores, live or frozen as food for tropical fish. Mosquito larvae 
(family Culicidae) and other aquatic insect larvae may be locally 
collected for salamander food. 

The large aquatic taxa (cryptobranchids, Necturus, Amphiuma, 
and Siren) all include crustaceans, fish, and opportunistically other 
vertebrates in their diet. Fish, crayfish, and large earthworms may 
be regularly fed to the large aquatic species and occasionally rodents, 
although only as a component of a broader varied diet. Feeding 
exclusively fish may result in nutritional deficiencies, and frequent 
feedings of rodents will quickly result in obesity in many species. 
The sourcing of live aquatic foods from a “clean” source may be dif- 
ficult, and this route of transmission should be investigated if disease 
and parasite issues persist in a captive collection. Crayfish, in par- 
icular, have been shown to be a vector for chytrid and may pose a 
significant infection risk to captive salamanders.*° 

The frequency of feeding salamanders should match the meta- 
bolic needs of the animals. Because of the cool temperatures at which 
most species are kept, weekly or twice weekly feedings are sufficient 
o maintain most of them. During seasonal cooling periods, these 
feedings may be reduced further or eliminated entirely, depending 
on the activity level of the salamanders. 

Besides obesity, most nutritional problems in salamanders may 
be avoided by providing a diverse diet. Occasional supplementation 
with a quality vitamin or mineral supplement designed for amphib- 
ians seems sufficient to maintain good dietary health. 


RESTRAINT AND HANDLING 


As with handling any amphibian, care should be taken to avoid 
damage to the delicate skin and mucous layer. Rinsed, nonpowdered, 
disposable gloves should be worn when handling the animals (Figure 
2-1). Clean, moistened plastic sandwich bags or sealable bags may 
provide an effective and safe restraint for procedures such as radiog- 
raphy or to administer injections. Soft, nonabrasive aquarium nets 
are suitable for capture of aquatic species, taking care not to damage 
he delicate gills of neotenic species. 

Some species of salamander will attempt to spin or roll on their 
ong axis when in hand, and along with the slippery mucous secre- 
ions from the skin, this behavior may make it very difficult to 
appropriately restrain the animal. Chemical restraint may be required 
o safely perform more than cursory examinations or treatments in 
some species. Restraining an animal by the tail should be avoided, 
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FIGURE 2-1 Restraint of a salamander for examination. Transillumi- 
nation is a useful aid for coelomic evaluation and identification of blood 
vessel pathways. 


as it may induce autotomy, especially if the animal begins a defensive 
rolling behavior. 


SURGERY AND ANESTHESIA 


Indications for surgery are the same as with any other amphibian, 
and safe anesthesia practices are well established. Surgical cases have 
been reported for biopsies, endoscopies, gastric foreign bodies, mass 
removal, radiotelemetry implantation, and limb amputation in both 
clinical and research settings. Amputated limbs may regenerate in 
salamanders and newts, and amputation sites may be left open for 
normal regeneration, with topical care to prevent infection. Closure 
of the amputation site with a skin flap may cause abnormal regenera- 
ion or may prevent it completely.’ Intracoelomic surgery is best 
approached through a paramedian incision to avoid the ventral 
abdominal vein present on the midline. Skin closure is recom- 
mended with an everting pattern. Because of the aquatic environ- 
ment of many species, use of nonabsorbable monofilament suture in 
an interrupted pattern is recommended to avoid premature dissolu- 
ion of absorbable materials and potential dehiscence.” Cyanoac- 
rylate tissue adhesive is waterproof and may be used for primary 
closure or for additional protection.””” 

Anesthesia of amphibians has been summarized elsewhere.” 
Special considerations for this order are particularly for the neotenic 
species, which may have shorter induction times compared with 
metamorphic adults, and for hellbenders, which require much lower 
induction doses compared with other amphibians.'! Tricaine meth- 
anesulfonate, benzocaine, and eugenol immersion baths, as well 
as injectable propofol, have all proven effective in salamander 
species.” In the authors experience, topical isoflurane baths have 
not provided a surgical plane of anesthesia in salamanders at doses 
described for anurans. 

Analgesia is provided as for other amphibians.° Amphibians have 
served as models in analgesic research, revealing that the relative 
analgesic potency of mu, delta, and kappa opioid agonists are cor- 
related with that seen in mammalian models.” A specific study using 
Eastern red-spotted newts (Notophthalmus viridescens) corroborated 
other findings seen with opioid use in amphibians, that they require 
higher doses, have prolonged time to onset, and longer duration of 
action than in mammals. Given the delayed onset of action, early 
administration is recommended for opioid use, well ahead of antici- 
pated need for analgesia. ” 

Table 2-2 lists anesthetic and analgesic agents that have been used 
in Caudata species. 
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DIAGNOSTICS 


Diagnostic sample collection and imaging may be performed similar 
to appropriate clinical investigations in any species. As for fish and 
other amphibians, water quality parameters should be measured as 
part of the basic workup, especially in aquatic species. The use of 
brief sedation should be considered when physical restraint is stress- 
ful to the animal or insufficient for completion of diagnostic proce- 
dures. Lighted magnification (such as with an otoscope head) is a 
useful aid in performing examinations. Transillumination is also 
useful for examination of the coelom, especially in less pigmented 
species; however, even in darkly pigmented species, it is usually 
possible to distinguish between fluid, air, or soft tissue coelomic 
distensions by this method. Transillumination is particularly useful 
as an aid in identifying the pathways of major blood vessels such as 
the ventral abdominal vein (see Figure 2-1). 

Blood collection is performed with small-gauge needles, 25-gauge 
to 27-gauge, and 1-milliliter (mL) syringes for most species. 


Heparinization of the syringe aids in preservation of small, slowly 
collected samples. The preferred site for most species is the ventral 
tail vein, approached perpendicularly on the ventral midline along 
the proximal third of the tail.” The needle is advanced until contact 
with bone is made. A flash of blood indicates the appropriate loca- 
tion, and rotation of the syringe on its axis may better introduce the 
bevel of the needle into the vascular lumen for slow-flowing samples. 
One source suggests guidelines for selecting the tail vein in animals 
weighing greater than 10 grams (g) and using cardiac puncture in 
animals weighing between 4 and 10 g.” The heart in salamander 
species is accessed just anterior to the thoracic girdle, almost in the 
caudal cervical region.” The ventral abdominal vein may also be 
used in larger species. Anesthesia may be helpful for blood collection 
and is particularly recommended for cardiac puncture. 

Published reference ranges for selected species are listed in Tables 
2. and 2-4 15:19.47.59 


TABLE 2-4 


TABLE 2-2 
Ambystoma EÜryptobranchus Andrias 
Agent Dosage Notes Parameter mexicanum alleganiesis" japonicus’ 
Tricaine Larvae: 0.2 g/L Solutions must be dn (mg/dl) 2 1 — 
methanesulfonate Adults: 1 g/L buffered to pH 7.0 Urea nitrogen 2 1.4-7.6 12.0 
(MS-222) Hellbenders: (mg/dL) 
0.25g/L Total protein (g/dL) — 2.8-4.6 3.8 
Eugenol 450 mg/L Surgical anesthesia in Albumin (g/dL) — 1.0-1.9 — 
Ambystoma Globulin (g/dL) — 1.8-2.7 — 
= ! — 5 —.. a AST (Units/L) = 95-205 = 
enzocaine arvae: 0.05- aedomorphic adults I = m 
0.1 g/L induce taster than Calcium (mg/dL) 7.0-10.0 7.8-13 9.0 
Adults: 0.2-0.3 g/L metamorphic adults  Phosphorus (mg/dL) 2.0-5.0 6.2-14.5 7.0 
Propofol 35 mg/kg Surgical anesthesia in Sodium (mEq/L) = 101-113 = 
intracoelomic Ambystoma Potassium (mEq/L) — 3.2-11.4 — 
tigrinum, prolonged (Chloride (mEq/L) = 75-80 = 
- = nə” CPK (Units/L) = 760-8869 = 
Buprenorphine 50 mg/kg, >4 hr duration in R : = = — 
viridescens “The range equals averages betvveen sexes and four different localities, 
Butorphanol 0.5 mg/L bath Given as a continuous n 84. 
72-hr bath in n= 1. 
Notophthalmus AST, Aspartate aminotransferase; CPK, creatine phosphokinase; g/dL, 
viridescens gram per deciliter; mEq/L, milliequivalents per liter; mg/dL, milligram per 
deciliter; Units/L, units per liter. 
TABLE 2-3 
Ambystoma mexicanum Ambystoma mexicanum Plethodon Notophthalmus Cryptobranchus Cynops 
Parameter (Metamorphosed) (Immature) cinereus viridescens alleganiesis pyrrhogaster 
PCV (96) 30.00 27.7 — — 31-47 40.0 
Hemoglobin (g/dL) 7.6 yib — — 10.7-8.32 = 
MCV (fL) — 8000-12,000 — — 7425 — 
Leukocytes (x10°%/uL) 2.5 2-3 — — 2.6-6.4 1.8 
Heterophils (%) 20-30 20-40 21.7 24.3 32-54 2.8 
Lymphocytes (%) 40-60 30-50 65 63.5 28-58 3.0 
Eosinophils (96) 2-10 0-10 3.6 6.2 0.5-19 4.0 
Monocytes (%) — 0.2 0.8 2.8 0-1.3 6.0 
Basophils (%) — 0-10 8.8 3.2 3-19.5 57.0 


g/dL, Grams per deciliter; MCV, mean corpuscular volume; PCV, packed cell volume. 


INFECTIOUS DISEASES 


Globally, the most important infectious diseases of amphibians are 
chytridiomycosis, caused by the chytrid fungus Batrachochytrium 
dendrobatidis (Bd), and ranavirus infections. Both diseases are report- 
able to the World Organization for Animal Health (OIE) under the 
Aquatic Animal Health Code.” Both are prevalent in the tailed 
amphibians, although they have distinctly different characteristics in 
caudates than they do in anurans. 


Chytridiomycosis 

Salamanders in the wild seem to be relatively resistant to disease 
caused by Bd infection compared with the decimating effect this 
disease has on many anuran species. Very few reports have implicated 
chytridiomycosis as a cause for population decline in caudate species, 
including fire salamanders (Salamandra salamandra) in Spain and 
neotropical salamanders in Panama.''’* A novel chytrid species, 
Batrachochytrium salamandrivorans (Bs), has been described causing 
ulcerative skin disease and a brief period of anorexia followed by 
mortality in fire salamanders.” This presentation is unique compared 
to chytridiomycosis caused by Bd in anurans, which is typically not 
erosive, but is characterized by epidermal hyperplasia and hyperkera- 
tosis. Additionally, Bs does not appear to be pathogenic to anurans 
thus far.” Batrachochytrium salamandrivorans has not yet been found 
in other caudate species, while Bd has been detected in numerous 
caudate populations across the globe without any obvious link to 
disease or population declines, even within communities of aquatic 
salamanders, where prevalence appears to be fairly high. 1779005997 
Experimental Bd infection of salamanders also reveals resistance to 
disease and, in many cases, the ability to clear infections without 
reatment. "”””” Typically, disease is absent, with no clinical signs 
beyond some increased skin shedding. Ambystomid and plethodon- 
id salamanders have been described as having dark, melanized spots 
on the skin coinciding with focal clusters of Bd. These spots are 
cleared with the shedding skin. ”””” On histopathologic examina- 
ion of infected animals, minimal hyperkeratosis is present compared 
with the pronounced hyperkeratotic lesions observed in anurans. °” 
Experimental infections that have produced mortality are achieved by 
manipulating the laboratory environment to favor cool and moist 
conditions that are optimal for Bd growth and reproduction.””” Sur- 
vival and clearance of infection are improved under drier conditions, 
and it may be that seasonal changes or summer estivation, especially 
with terrestrial salamanders, may be responsible for the stability of 
he wild populations coexisting with ehytrid.” 

Other Bd resistance mechanisms in salamanders include chytrid- 
inhibiting peptides or commensal bacteria that are naturally found 
on salamander skin. The red-backed salamander, Plethodon cinereus, 
carries Janthinobacterium lividum, a bacterium that produces an anti- 
fungal metabolite called violacein, which is shown to provide resis- 
ance to Bd infection. "” Attempts have been made to use this 
beneficial flora of P. cinereus to provide resistance to other species, 
including anurans. However, benefit is realized only when augment- 
ing J. lividum in species where it might already occur and has only 
minimal and transient effect when attempts are made to inoculate 
amphibians that would not naturally carry these bacteria.” 
Itraconazole is the recommended treatment agent in most amphib- 
ians and has been successfully used with multiple caudate species 
using the typically described protocol of 0.01% itraconazole immer- 
sion baths for 5 to 10 minutes daily for 10 consecutive days. 2122 


Ranavirus 


Ranaviruses in the family Iridoviridae have caused significant mortality 
in wild salamander populations in North America.” Several distinct 
Ranavirus species have been associated with mass mortality events. 
The two primary viruses described are (1) frog virus 3 (FV3), the type- 
virus for the genus, and (2) Ambystoma tigrinum virus (ATV), although 
distinct FV3-like and ATV-like viruses have also been identified in 
outbreaks. 72030 FV3 has a wide distribution and may infect a broad 
number of amphibian species.”” However, mass mortality events 
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attributed to FV3 are most commonly associated with ambystomid 
arvae in eastern North America, particularly larvae of the spotted sala- 
mander, Ambystoma maculatum.“ ATV, thus far, has only been found 
in western North America, where it apparently has high virulence in 
all tiger salamander subspecies (Ambystoma tigrinum spp.) causing 
mass mortality rates of greater than 90% in both larvae and adults." 
It is unclear what precipitates ranavirus outbreaks, whether it is envi- 
ronmental conditions, introduction of novel viruses to a population, 
or immunosuppression from toxins or other stressors. Although mor- 
ality rates may be very high during outbreaks, the prevalence may be 
high in unaffected caudates and other sympatric amphibians that may 
serve as reservoirs for the virus.°°7"?** 

Outbreaks in captivity may be associated with high density of 
animals and stressful conditions. A group of red-tailed knobby newts 
(Tylototriton kweichowensis) recently imported to the European pet 
trade and concurrently infected with high burdens of Rhabdias lung 
worms, suffered high mortality from FV3 infection.” Mass mortality 
was also seen in farmed Chinese giant salamanders (Andrias davidi- 
anus) in China, where 350 of 570 animals died with ranavirus infec- 
tions after introduction of recently collected animals.” 

Clinical signs and lesions of ranavirus disease in caudates are not 
specific, but the description of lesions in published reports seems 
consistent across all species. Clinical signs in larvae include lethargy, 
circling, buoyancy problems, and death.” Adults may show lethargy, 
anorexia, bloody stools, vomiting, thick mucous secretions from the 
skin, and death. "2 Gross lesions in both larvae and adults include 
cutaneous hemorrhage, vesicles, ulceration, subcutaneous edema, 
fluid-filled hemorrhagic intestines, pale, swollen, and ecchymotic 
serosal surfaces. "2020 Histopathologic examination reveals cellular 
degeneration and necrosis in the kidneys, liver, intestinal epithelium, 
spleen, and lymphoid tissues; intradermal and submucosal edema 
progressing to ulceration; and intralesional basophilic intracytoplas- 
mic inclusions, which coincide with the foci of virions consistent 
with Iridoviridae seen on electron microscopy. "7055 

No specific treatment for ranaviral infections exists, besides sup- 
portive care to protect against dehydration and secondary bacterial 
infections. Elevated temperatures may increase survival. Most A. 
tigrinum larvae survived infection at 26°C, whereas most or all died 
at lower temperatures.** 


m 


Antiviral Immunity 

Ranaviral infections have been used to study antiviral immunity in 
salamanders, with the axolotl serving as the principal study model. 
Caudates appear to have weak immune systems compared with those 
of anurans, as evidenced by lack of red and white pulp compartmen- 
alization in the spleen; production of only two immunoglobulin 
ypes; lack of detectable humeral responses to soluble antigens; and 
chronic rejection of skin allografts.” It is not known whether the 
relatively poor adaptive responses in caudates might make them 
more susceptible to virulent pathogens. It may be that caudates rely 
more heavily on innate immune responses such as antimicrobial 
peptides, phagocytic and cytotoxic cells, and complement.'® 


Other Infectious Diseases 


Many other diseases may be the same as in anurans (see Chapter 1). 
Few are actually infectious, that is, having the potential to be transmit- 
ted to other animals. Rather, they tend to be secondary, opportunistic 
pathogens such as gram-negative bacteria, water molds, or mycobac- 
teria, which gain entry through wounds, skin defects, or immuno- 
suppression. Maintenance of a healthy environment through hygiene, 
proper nutrition, and species-appropriate husbandry may avoid 
most of these types of infections. 


PARASITIC DISEASES 


No parasites are unique to caudates that are not found in other 
amphibian orders. ` Many different parasites have been reported in 
the literature in salamander species, although with little or unknown 
clinical significance. Rhabditiform nematodes of the lungs (Rhabdias 
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spp.) or intestines (Strongyloides spp.) are among the most clinically 
significant and common in captivity because ol their direct life cycle. 
Treatment is with fenbendazole (50-100 mg/kg orally, repeated in 10 
days) or with several other common antinematode medications.'”” 

Trombiculid mites of the genus Hannemania are common ecto- 
parasites, particularly of plethodontid salamanders.”'*”” Mite larvae 
penetrate the skin and embed in the dermis, where they feed on the 
hosts tissues, creating inflammatory reactions. Infection sites are 
often on the feet, although infection and occlusion of the nasolabial 
groove, which may interfere with olfactory functions necessary for 
finding food, mates, or territory, have also been reported.”'* Treat- 
ment is with ivermectin (0.2 to 0.4 mg/kg orally or topically, repeated 
weekly; or 10 milligrams per liter [mg/L] immersion bath for 30-60 
minutes). ” 

Two species within the fungus-like protozoal class Mesomyceto- 
zoea cause morbidity and mortality in North America. An Ichthyo- 
phonus sp. appears enzootic in red-spotted newts, causing myositis, 
visible whitish spores encysted beneath the skin, and swelling of 
axial musculature that may lead to ulcerations. Secondary infections 
gaining entry through ulcerated lesions is suspected to be the proxi- 
mate cause of mortality in these nevvts.”””””” Ichthyophonus-like infec- 
tion has also been reported in spotted salamanders.” A second 
mesomycetozoan species, Amphibiocystidium viridescens, appears 
widely distributed at low prevalence in red-spotted newts. Infection 
causes whitish cysts of various shapes, primarily in the subcutaneous 
tissues on ventral surfaces as well as in the liver.*! No treatment is 
reported for mesomycetozoan infections. 

Dermal nodules caused by encysted trematode metacercariae, 
usually Clinostomum sp., are commonly seen in wild salamanders or 
newts and may be seen in wild-collected animals in captivity.*’ Treat- 
ment is not usually necessary, although in cases where associated 
inflammation is present or when removal is desired, extraction is 
usually easily performed through a tiny stab incision in to the cyst 
and extrication of the larva with fine forceps or the tip of a needle. 


NONINFECTIOUS DISEASES 


Traumatic injury from conspecifics or environmental conditions are 
relatively common. Wounds should be monitored and treated, if 
necessary, for secondary infection with gram-negative bacteria or 
with Saprolegnia sp. in aquatic species. Traumatic or surgical amputa- 
tion in salamander species may result in limb regeneration. Healing 
begins immediately following amputation in axolotls, with migrating 
epidermis completely covering the wound surface within hours. 
Within 1 to 3 days, a well-formed epidermis is present.”” Limb 
regrowth is completed in as little as 30 days in an axolotl, 40 days 
in a newt, and up to a year or more in adult terrestrial Ambystoma 
species (Figure 2-2).°° Surgically closing the amputation site with a 


FIGURE 2-2 Regeneration of a forelimb in a salamander. 


skin flap will actually prevent limb regeneration.’ Therefore, the 
amputation site should be left open and kept clean, treating infection 
only if necessary. 

Nutritional diseases are common in captive amphibians. Meta- 
bolic bone disease caused by deficiencies of calcium or vitamin D; 
may be seen.” A growing variety of conditions attributable to hypo- 
vitaminosis A are beginning to be recognized in anurans. Although 
nothing has yet been reported in caudates with regard to vitamin A 
deficiency, it may be prudent to ensure provision of both vitamin 
and mineral supplements as recommended for anurans. Salamanders 
develop obesity if overfed. 

A wide range of neoplasias have been reported in salamanders. 
A comprehensive review is provided in the book by Wright and 
Whitaker.” 


REPRODUCTION 


Reproduction in most caudates is triggered by seasonal fluctuation 
in temperature, photoperiod, and rainfall. Many temperate salaman- 
ders move into rock crevices, burrows, caves, springs, or other 
underground refugia during winter months thereby avoiding sub- 
reezing temperatures. In some cases, these temperatures are only a 
ew degrees above freezing, and such cold temperatures may be 
essential triggers for breeding. Replicating these cool, dark, and 
sometimes dry conditions, followed by a period of gradual warming, 
increasing photoperiod, and simulated spring rains will induce 
reproductive behavior in many species. Courtship and spermato- 
phore deposition is promoted by rainfall and increased humidity in 
some salamanders. In some species, mating takes place in a season 
different from that of oviposition, with sperm or fertilized eggs 
retained until environmental conditions are favorable for larval 
development. Individual females may skip one or more years 
between reproductive events to replenish depleted energy stores 
ollowing oviposition. 

Salamanders primarily use chemical and olfactory cues for com- 
munication during reproduction. Pheromonal components left 
behind in skin secretions and feces likely convey information relating 
to dominance, sexual receptivity, and territorial boundaries. In an 
enclosed captive setting or closed aquatic system, these cues may 
become amplified and interfere with normal social behavior. A flow- 
hrough water system, frequent water changes, and periodic rinsing 
of all cage furnishings may ameliorate this situation. 

Although courtship and mating may occur successfully in captiv- 
ity, often eggs are retained by females. The causes of this condition 
are variable and may include improper environmental cycling, 
improper mating opportunities or conditioning, lack of suitable ovi- 
position sites, nutritional deficiencies, or stress from disturbance by 
keepers or cagemates. 

Eggs of the species that do not exhibit parental care may be 
hatched in the breeding tank after the adults are removed or trans- 
erred to a separate system with similar water chemistry and tem- 
perature. Parental care is exhibited by many caudates, providing both 
physical and microbial defense of the eggs.” If the eggs are aban- 
doned or show signs of fungal contamination, they may be carefully 
removed from the enclosure to be reared apart from the adults. Eggs 
are typically adhered to a substrate and should not be detached, 
unless absolutely necessary, to avoid physical damage. Terrestrial 
eggs may be maintained on damp perlite in a sealed plastic container 
with one or two small air holes punched in the lid for ventilation. 
The water level in the container should never come in contact with 
the eggs, as this may lead to rapid swelling and premature rupture 
of the egg capsule. The addition of itraconazole at 10 mg/L to the 
water used to dampen the perlite has been used successfully with 
several genera of plethodontids to inhibit fungal growth. Aquatic 
eggs may be transferred to clean plastic deli cups containing a few 
centimeters of fresh water matching the temperature and chemistry 
of the breeding enclosure. Separating the eggs into multiple cups 
limits the probability of a total loss from fungal or bacterial infection. 
Fungal growth in aquatic eggs has been successfully controlled by 


using either itraconazole or methylene blue treatments. Time to 
hatching is contingent on temperature. 

Upon hatching, many larvae and neonates have substantial yolk 
Teserves and will not take food for weeks or months until these 
reserves are exhausted and development has concordantly pro- 
gressed. The first foods offered to juveniles are contingent on the 
size of the animal and may include brine shrimp nauplii or small 
whiteworms for tiny aquatic larvae and springtails for small hatch- 
lings of direct developing species and recent metamorphs. The dura- 
tion of the larval period is highly variable between species and may 
range from a few weeks to several years. The timing of metamorpho- 
sis may be influenced by temperature and availability of food. 
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CHAPTER 


GENERAL BIOLOGY 


Caecilians (Table 3-1) are elongate, limbless amphibians and may be 
confused with snakes, eels, or worms because of this morphology. 
Extant caecilians are genetically most closely related to salamanders. ’ 
They are in the order Gymnophiona and are currently classified into 
10 families comprising 192 species; Caeciliidae (42 species), Chiki- 
lidae (1 species), Dermophiidae (14 species), Herpelidae (9 species), 
Ichtyophiidae (53 species), Indotyphlidae (21 species), Rhinatrema- 
tidae (11 species), Scolecomorphidae (6 species), Siphonopidae 
(22 species), and Typhonectidae (13 species).' They inhabit tropical 
climates in Southeast Asia, India, Africa, Mexico, and South America 
and may be found in subterranean (fossorial), semi-aquatic, and 
aquatic environments. Most are nocturnal. In one survey of captive 
animals, the most common species reported were Dermophis 
mexicanus, Geotrypetes seraphini, Ichthyophis kohtaoensis, Schistome- 
topum thomense, and Typhlonectes natans. 2 Longevity in captivity 
appears to be approximately 11 years according to medical records 


available to one author (NDM); anecdotally life span may be up to 
20 years. 


UNIQUE ANATOMY 


Caecilians have cylindrical bodies with annular rings and typically 
range in length from 90 to 1600 mm.** Dermal scales are covered by 
skin. The integument is vascular and permeable to water. In many 
species, specialized skin glands produce toxins, which may cause 
mucous membrane irritation'’ and hemolysis (in vitro).”” Mucus from 
Typhlonectes sp. may be toxic to fish, although fish have also been kept 
successfully with the species.” Schistometopum sp. may have caused 
mortality in Feylinia sp. housed in the same enclosure.’ Caecilians do 
not have vestigial limbs or shoulder or pelvic girdles, and the ribs do 
not support the body.” Caecilians lack functional bone marrow, and 
hematopoiesis occurs in the liver, kidney, spleen, and thymus.” 
Most have a functioning right lung and a vestigial left lung, ” 
although two lungless species have been described.” A tracheal 
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lung is described in Typhlonectes natans and a review ol the upper 
respiratory anatomy is available. " The respiratory cycle is a single, 
long exhalation with a series of short inhalations through buccopha- 
ryngeal pumping.”” ” This pattern prevents the mixing of inspiratory 
and expiratory airflow, unlike in the majority of amphibians.’ '® 
Respiration may occur by pulmonic, buccopharyngeal, and cutane- 
ous mechanisms, and the normal respiratory rate of T. natans is 4 to 
7 breaths per hour.” " Overall, oxygen uptake appears to rely on 
pulmonic respiration, whereas carbon dioxide elimination is via 
cutaneous respiration in the species studied.”” In T. natans, respira- 
ory rate approximately doubled in response to aerial hypoxia; 
aquatic hypoxia had no effect on respiration rate.” Aquatic hyper- 
capnia nearly tripled respiratory rate, whereas aerial hypercapnia had 
minimal effect on respiratory rate.’ Large gills are transiently present 
in larval caecilians immediately after birth but regress within 48 
hours. The metabolic rate in caecilians appears lower than the rate 
in other amphibian orders.’ 

As is common with other amphibians, terrestrial caecilians appear 
o be uricotelic and aquatic caecilians ammonotelic.”” Many species 
have a bilobate bladder. A renal portal system is believed to exist. 
Caecilian locomotion varies with species and substrate, but all 
species studied may utilize concertina movement.” Hydrostatic 
pressure generated between the skin and the muscle layer are impor- 
ant for burrowing.”'* Some species, primarily in the larval stage, 
have lateral lines with ampullary organs that detect water movement 
and weak electric fields.”””””” The tentacle (a chemosensory and 
actile organ) protrudes from an opening between each eye and 
nostril and is attached to the tear duct and the vomeronasal (Jacob- 
son's) organ. Innervation is via the trigeminal nerve, and the tentacle 
serves as the major means of environmental perception, as ocular 
development is poor. Rod-type structures and visual pigments are 
present in the retina, no cone photoreceptors have been identified.” 
Caecilians appear to sense light intensity but not images. The eyes 
are covered by skin or bone in most species. Prey is detected via 
olfaction and grasped in the jaws; bicuspid teeth help retain prey 
and break prey into smaller pieces.l””” Most species lack outer and 
middle ear cavities and audition is limited to detection of low fre- 
quency vibrations. Vocalizations are rare and may be heard as 
squeaks or clicks.’* 


SPECIAL HOUSING REQUIREMENTS 


Glass aquaria are most appropriate as enclosures and should have 
tight-fitting lids for all species. Full-spectrum lighting may be pro- 
vided on a diurnal light cycle. Fossorial caecilians (Siphonops sp., 
Pseudosiphonops sp., and Ichthyophis kohtaoensis) live in rich soils with 
forest litter. In general, 70% to 80% humidity is usually recom- 
mended for terrestrial caecilians, but a thorough review of natural 
habitat is appropriate, as some species may be adapted to dryer 
environments. Soil substrates should be organically rich and pH 
balanced (neutral). Soil depth should be 3 to 10 cm and kept moist 
(except with dry soil species), but not wet, to allow for tunnel forma- 
tion. Soil should be lightly compacted. Some animals require mois- 
ture gradients within the soil, and aquaria may be tilted so that the 
bottom layers have standing water and the top layers are drier. Soil 
and leaf litter should be sterilized to prevent introduction of infec- 
tious agents or arthropods. Vermiculite is a potential foreign body 
and should be avoided in the substrate. Peat moss and manure are 
acidic and may cause skin irritation and should therefore also be 
avoided. Soil should be replaced every few months. Scolecomorphus 
sp. do not burrow and need flat surfaces with hiding spots. Enclo- 
sures for semi-aquatic species such as Geotrypetes seraphini and 
Siphonops annulatus should have standing water. Water for semi- 
aquatic and fully aquatic species such as Typhlonectes sp. and Poto- 
motyphlus sp. should be maintained following freshwater fish water 
chemistry parameters, and aquariums should have appropriate life 
support systems, including filtration (mechanical and biologic) and 
aeration. Dissolved oxygen should be greater than 80% to maintain 
the biologic filter.’ Undergravel filters may be used, but tubing 


components must be small enough to prevent animal access. A 10% 
to 20% water change with aged or dechlorinated water should be 
done every 1 to 2 weeks. Aquatic caecilians depend on breathing 
air for adequate respiration, and aquariums should provide ready 
access to the air-vvater interface; shallow water is generally appropri- 
ate. This is particularly important with neonatal larvae. Aquatic 
species should be provided with terrestrial areas to allow for the 
full range of natural behavior. The website AmphibiaWeb (amphibi- 
aweb.org) is a routinely updated centralized source of research infor- 
mation and may be consulted for species-specific natural history 
information. 


FEEDING 


All caecilians are carnivorous. Free-ranging diet includes annelids 
(earthworms), platyhelminths, arthropods (amphipods, crayfish, 
orthopterans, lepidopteran larvae, coleopteran larvae, hemipteran 
larvae, termites, ant eggs), frog eggs, tadpoles, and anoline 
lizards.'>'°?°°’S One African species (Boulengerula sp.) eats only 
termites,” but most species are less selective. 

Successful captive diets include earthworms, turtle gel diets, 
mealworms, waxworms, tadpoles, chopped fish (e.g., smelt, gold- 
fish), mussels, neonatal mice (pinkies), Tubifex sp., shrimp, tadpoles 
and frog eggs, and beef or pig heart. 


RESTRAINT AND HANDLING 


Manual restraint should be limited to reduce disruption of the pro- 
tective mucus layer, skin, or both. Standard protocols for handling 
amphibians should be followed, but additional focus on atraumatic 
capture and restraint such as utilizing clear containers appears war- 
ranted with these species during capture and physical examina- 
tions.’ For example, clear plastic “bag” nets or simple plastic bags 
may be used to remove aquatic animals from enclosures and facilitate 
examinations.*’ Damp flannel cloth pre-coated with a water-soluble 
gel or a moistened foam rubber sponge may be useful for further 
immobilization.’ Alternatively, the animal may be allowed to crawl 
into a syringe case or smooth clear tube such as those used for snake 
restraint and be held in place. Medication was successfully admin- 
istered to Dermophis sp. by restraining in a wet hand, opening the 
mouth, and medicating with a metal avian gavage tube. Gentle tech- 
nique is critical; iatrogenic jaw fractures have been anecdotally 
reported. 

Immobilization is achieved with buffered MS-222 (tricaine 
methane sulfonate) at 1 to 3 grams per liter (g/L) for induction fol- 
lowed by 100 to 200 milligrams per liter (mg/L) for maintenance. ” 
Unbuffered solutions should not be used as the solution is acidic 
and may cause skin irritation and escape behavior.” Other sedative 
and anesthetic drugs have not been reported in the veterinary 
iterature. 


SURGERY 


Standard surgical protocols described for other amphibians are appli- 
cable to caecilians.””” In aquatic caecilians, dermatitis and subse- 
quent osmotic imbalance appears to be a major complicating factor 
that may increase morbidity. ””" Clinicians should address preexist- 
ing dermatitis prior to surgery and proactively minimize skin disrup- 
tion during handling. 

Persistent cloacal prolapse in T. natans was noted to cause mor- 
bidity and mortality in one review.'* Osmotic imbalance secondary 
to dermatitis was suspected to be responsible for mortality after 
management via reinsertion (n = 1) and anastomosis and resection 
(n = 1). ` One case of coelomic exploratory surgery in Typhlonectes 
sp. has been published.” The animal did not recover from surgery, 
and the case authors speculate that sepsis and fluid overload second- 
ary to preexisting dermatitis complicated recovery. One author 
(NDM), successfully completed coelomic exploratory in a T. natans. 
The animal survived for 5 days, and the incision site appeared to be 


healing normally, but preexisting renal disease led to mortality. Suc- 
cessful surgical debridement and management of a severe tail wound 
has been reported. '’ 


OTHER PHARMACEUTICALS 


No pharmaceutical studies exist in the veterinary literature to guide 
management decisions; medication administration is largely based 
on extrapolation from other species. The metabolic rate of caecilians 
appears to be lower than that of anurans and caudates,”’ although 
the clinical implication of this has not been explored. 

Successful treatment of sepsis was noted in one published health 
review, and injectable antibiotics appear to be tolerated and effec- 
tive..” A comprehensive list of bacterial species cultured from caeci- 
lians is available and may help guide empirical antibiotic choice 
pending diagnostic results. ” Gram-negative bacteria were most com- 
monly isolated but gram-positive organisms, particularly from cuta- 
neous lesions, were also identified.” Levamisole 200 to 300 mg/L 
immersion bath for over 12 hours caused flaccid paralysis in two of 
six T. natans, but lower dosages or shorter exposure times were not 
associated with negative side effects. ” Levamisole, but not ivermec- 
tin, intramuscularly caused significant agitation, according to one 
report. ” Praziquantel may cause an iniection site reaction. Pain 
medications have not been reported in the literature but may be 
effective and expedite recovery, per the experience of one author 
(NDM). 

Itraconazole at 0.01% as a 30-minute bath in the primary 
aquarium every 5 days for four treatments was used for possible 
Batrachochytrium dendrobatidis (Bd) infection in KaupsS caecilians 
(Potymotyphlus kaupii).* Negative side effects were not reported, but 
efficacy was not evaluated.’ In another report, maintaining water 
temperature at 32.2°C (90°F) for 72 hours eliminated infection as 
evaluated by TaqMan PCR in nonclinical Typhlonectes sp.” 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Standard protocols for amphibian physical examinations may be 
employed with caecilians.”” Careful evaluation of the skin and 
general body condition is important, particularly in aquatic animals. 
Animals that appear overweight should be carefully evaluated for 
possible excessive fluid accumulation. In aquatic and semi-aquatic 
species, water quality information must be evaluated as part of 
any medical evaluation and should include parameters such as 
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emperature, pH, ammonia, nitrites, nitrates, and dissolved oxygen. 
In terrestrial animals, attention should be paid to substrate to ensure 
it is not excessively acidic.'* 

Available information on diagnostic tests specific to this order is 
imited, although standard workups may be conducted. Fecal exami- 
nation should be routinely performed, particularly in newly acquired, 
wild-caught animals. Direct smears, rectal washes, flotations, gram 
stains, and acid fast stains may all be used. Nonpathogenic organisms 
from food sources include Monocystis sp. (from earthworms) and 
mite nymphs (from rodents). Impression smears (touch prepara- 
tions) or skin scraping cytology and cultures should be performed 
on skin lesions. Fine-needle aspirations or biopsies should be 
obtained from masses. If abnormal fluid accumulation is present, 
fluid samples may be aspirated and appropriate cytology and culture 
performed. Blood (Table 3-2) may be obtained under anesthesia by 
cardiocentesis using a Doppler probe. Lithium heparin is the antico- 
agulant of choice in amphibians. A complete blood cell count, serum 
chemistries, and blood cultures should be performed if the oppor- 
tunity arises; details on blood cell morphology have been reviewed.” 
Radiography may be performed with the use of a closed plastic box 
or shallow water bath without general anesthesia. In young animals, 
the caudal vertebrae are less radiodense than cranial vertebrae, ' and 
this should be taken into account when evaluating radiographs. 
Ultrasonography may be performed by immersing the animal in a 
water bath with the probe outside the bath directed toward the 
animal. Full necropsies with appropriate ancillary testing should be 
completed following death of animals. 


DISEASES 
General 


Clinical signs of illness may include bobbing in and out of water, 
spending time on the soil surface rather than burrowing, displaying 
erratic swimming, failure to submerge, bouts of lethargy, red mucosa 
around the vent (vascular blush), shedding mucous strips with 
increased frequency, skin ulceration, inappetence, reduced appetite, 
or sudden death. Generally treatment begins with isolation of the 
sick individual in a species-appropriate hospital tank. Treatment of 
aquatic animals involves correcting any abnormal water quality 
parameters, particularly if the animals cannot be moved to appropri- 
ate water. For weak aquatic animals, water levels should be shallow, 
and an area of moist terrestrial space should be provided to reduce 
the risk of drowning. Treatment should be pursued as with other 


TABLE 3-2 

Boulengerula taitanus” Typhlonectes compressicauda” T. natans Dermophis mexicanus 
Hct% 40 37.6 — 45 
Hb (g/dL) 10.3 11.3 = 12 
RBC 10%/mL 0.68 — — 0.22 
MCV mm5 588 — — 2045 
WBC 105/mL — — — 0.28 
Heterophils 103/mL — — — 0.157 
Lymphocytes 10°/mL — — — 0.095 
Monocytes 105/mL — — — 0.011 
Basophils 105/mL — — — 0.017 
Ca (mg/dL) — — 9.8 9.8 
P (mg/dL) — = 4.1 4.1 
Uric acid (mg/dL) — — — <0.3 
Total protein (g/dL) — — — 6.5 


waww rr rv CÇ ns Hv r r rss 
Ca, Calcium; mg/dL, milligram per deciliter; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular value; mg/dL, milligram per deciliter; P, phosphorus; 
RBC, red blood cell; WBC, white blood cell. 
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amphibians. General supportive care may include intracoelomic 
fluids, nutritional support, prevention of secondary infections, 
osmotic support with electrolyte baths,” and artificial mucous 
(slime) products marketed for fish. A review of captive caecilian 
morbidity and mortality is available.” 


Infectious Diseases 


Primary or secondary bacterial infection appears to be a common 
source of morbidity and mortality in caecilians.'’ Most identified 
bacteria were gram-negative environmental organisms, although 
gram-positive organisms have also been described, particularly asso- 
ciated with cutaneous lesions. ” Renal, respiratory, and gastrointesti- 
nal (GI) disease have been reported with various bacterial and 
protozoal etiologies, but no specific trends among species have been 
reported. Vesicular or ulcerative dermatitis is common in caecilians, 
and bacteria and fungi are commonly associated with lesions..” 
Water molds (e.g., Saprolegnia sp.) were the most commonly identi- 
fied fungi in aquatic caecilians. ” Aquatic caecilians often die soon 
after dermatitis is identified and mortality appears to be related to 
osmotic imbalances in these cases. ””” Dermatitis was frequently 
associated with suboptimal husbandry.” 

Chytridiomycosis has not been identified as a major pathogen of 
wild caecilians. It was identified in 53 of 85 apparently healthy 
animals of four species (Geotrypetes seraphini, Herpele squalostoma, 
Idiocranium cf. russelli, Crotaphatrema lamottei) surveyed via quantita- 
tive polymerase chain reaction (qPCR) in Cameroon (Thomas 
Doherty-Bone, personal communication). Caecilians in captivity may 
also be infected. In one group of confiscated Typhlonectes sp., infec- 
tion was diagnosed during routine quarantine testing via TaqMan 
PCR in 13 of 24 animals and was not associated with clinical 
disease. ” In another case, a T. natans housed in a zoologic collection 
developed abnormal behavior, severe skin sloughing, and increased 
mucus production. The animal subsequently died, and histologic 
findings supported chytridiomycosis as the cause of death. No 
abnormalities were identified, except multifocal epidermal hyperpla- 
sia, hyperkeratosis, and cystlike structures consistent with chytrid 
zoospores within keratinocytes. Another T. natans housed with 
this animal subsequently tested positive for Batrachochytrium 
dendrobatidis (Bd) via TaqMan PCR (Dr. Sarah M. Churgin, personal 
communication). 

Parasitic migration by nematodes has resulted in skin lesions that 
manifest as white plaques.”” It is assumed that parasitic migrations 
occur in immunocompromised animals; often these are recently 
wild-caught individuals. In one review, nematodes were the most 
frequently identified parasites in captive caecilians but were not 
associated with disease. ” 

Viral disease has not yet been described in caecilians. 


Noninfectious Diseases 


Poor Water Quality 

High ammonia levels may cause neuropathies and sudden death. 
Low chronic levels may cause dermatitis and skin sloughing, demen- 
tia, respiratory distress, and kidney disease. High nitrite levels cause 
methemoglobinemia. Nitrate levels of 2.5 to 100 mg/L have been 
shown to cause anorexia, disequilibrium, paralysis, and death in 
amphibians in the wild because of conversion to nitrites within the 
GI tract.”” Inappropriate pH may cause excess mucus production, 
hyperemia, and skin irritation; it also disrupts normal acid—base 
status. Alkalinity over 100 mg/L may cause death in young animals 
and result in the formation of white plaques that look like rubber 
cement on the skin. Chlorine levels of 0.5 parts per million (ppm) 
may be irritating to the amphibian skin. High copper levels (10 mil- 
ligrams per deciliter [mg/dL]) have been associated with sudden 
death. Environmental temperatures below 21°C (70°F) predispose 
to fungal or mold infections (e.g., Saprolegnia sp.). Dermatitis is most 
often caused by poor water quality; rapid changes in temperature, 
pH, and salinity; or trauma from cagemate aggression, sharp enclo- 
sure objects, or inappropriate handling.'* Gas bubble disease occurs 
when dissolved gases (oxygen and nitrogen) supersaturate in an 


aquatic system and may form bubbles in all organs of the body 
(noticeable as bubbles on the skin) that may cause lethal emboli. 


Trauma 

Inappropriate furniture or overcrowding may lead to wounds and 
stress. Aquarium heaters may cause thermal burns because caecilians 
wrap around these devices. Escaping from the enclosure may lead 
to dehydration, sepsis, shock, and vesicular dermatitis. Renal disease 
may be a sequela of dehydration.'* Healthy animals in appropriate 
environments may heal wounds readily, but compromised animals 
or large wounds may need treatment.'’ In aquatic animals, secondary 
water mold infection may lead to increased morbidity and 
mortality. ” 


Other Conditions 

Renal failure appears to be an important cause of mortality in T. 
natans. ` Renal tubular disease has been most frequently identified, 
although one case of renal carcinoma and four cases of eystic kidney 
have also been noted./” Liver disease has been reported as well, 
although its etiology and significance are not clear.” Floating may 
occur and may be caused by GI dilatation (bloat) secondary to 
enteritis or dietary intolerance and emphysema secondary to respira- 
tory disease, dilation is harder to diagnose in terrestrial species. 
Presumed nutritional secondary hyperparathyroidism has been 
observed in Dermophis sp. ” Cloacal prolapse has been reported and 
may be self-limiting (particularly vvhen associated vvith handling) or 
vvarrant treatment. Almost all caecilians rely on pulmonary respira- 
tion, and drowning is possible in both fossorial and aquatic species. 
Dysecdysis may occur in fossorial animals and result in constriction. 
Heat stress may cause death. 


Toxins 


Methylene blue and malachite green have been reported anecdotally 
by hobbyists to be highly fatal to caecilians. However, no references 
exist to substantiate these reports, and these two compounds have 
been successfully used topically and as baths with no side effects. 

See the sections on pharmaceutical and water quality for more 
information on other toxicities. 


REPRODUCTION 


External sex characteristics are not easily recognizable but are present 
in some species.”'’*? The male has a complex erectile phallodeum, 
and a detailed review of this structure is available.’ Internal fertiliza- 
tion is reported to occur in all species.” Copulation appears to last 
30 minutes to a few hours, although detailed reports are lacking.” 
Oviductal, but not cloacal, sperm storage for up to a few weeks has 
been reported, and oviduct anatomy has been reviewed.” Most 
species are viviparous, although oviparity with larvae and direct 
development has also been reported.” In live bearers, the gestation 
period varies; nearly 12 months in Dermophis sp. and 11 months in 
Typhlonectes sp..”” Some live-bearer larvae receive nutrition from 
oviductal secretions (“uterine milk”) or feeding on the uterine wall, 
and reviews of caecilian reproductive strategies are available." 
Parental care, including nest guarding and maternal dermatophagy 
(neonates feeding on maternal skin), has been reported in a number 
of species.”””” Larval caecilians do not undergo metamorphosis and 
post-hatch or newly born animals resemble adults. They use bran- 
chial respiration en ovo or in the oviduct.” Typhlonectes natans neo- 
nates have large gills immediately caudal to the head, which are shed 
by 48 hours after birth. Adult size and sexual maturity generally 
occur at 1 to 3 years. 


PREVENTIVE MEDICINE 


Standard amphibian quarantine protocols are appropriate for cae- 
cilians. Quarantine should be a minimum of 30 days with three 


negative fecal examinations. Although not thoroughly researched or 
reported on extensively, preliminary reports indicated caecilians 
may carry Bd, so appropriate testing is warranted. Water quality 
should be examined weekly and soil changed regularly with inter- 
vals, depending on population size and organic waste production. 
Furniture should be cleaned, disinfected, and copiously rinsed 
with water. 

Meticulous attention to basic husbandry is important at all stages 
of captive care. Animals should be evaluated daily or twice daily to 
ensure abnormalities are identified early. Many species are secretive, 
so attention to subtle changes in feeding or other behaviors is clini- 
cally relevant. This is particularly important in dermatitis and sepsis 
cases, where early treatment appears to be associated with improved 
survival.'” Water quality should be routinely evaluated, just as for a 
properly managed fish system. Tight-fitting lids should be present 
on enclosures to eliminate escape and exposure to inappropriate 
environments. Institutions that maintained a high level of care 
appear to have improved longevity. ” 
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Chelonians (Turtles, Tortoises) 


Joseph P. Flanagan 


BIOLOGY 


Currently, 322 living species of tortoises and freshwater and marine 
turtles are in existence (Table 4-1). They are found in diverse habitats 
on all continents except Antarctica and in all oceans except the 
Arctic. The largest concentrations of turtle species occur in North 
America, more than in any other temperate region of the world. 
Ninety-eight species of chelonians are endangered or critically 
endangered because of habitat degradation, human encroachment, 
and harvesting for food, medicines, and the pet trade. Of the chelo- 
nians with known threat status in 2010, 53% of the species are 
considered threatened, making chelonians the most highly endan- 
gered of any of the major vertebrate groups.” 


Unique Anatomy 


Chelonians range in size from the 100-gram (g) speckled tortoise 
(Homopus signatus) to the leatherback turtles (Dermochelys coriacae) 
weighing more than 800 kilograms (kg). Turtles and tortoises may 
be instantly recognized by the presence of a shell comprising the 
carapace (dorsal) and the plastron (ventral), which are joined later- 
ally at the bridge. In most species, keratinized epithelium overlies a 
rigid bony structure that provides protection. The extent of shell 
coverage, flexibility, degree of mineralization, fenestration, hinging, 
and epithelial coverage vary. Most species have keratinized epithe- 
lium covering a thin dermis layer consisting of collagen fibers, mela- 
nophores, vessels, and nerves, beneath which is dermal bone.* Most 
terrestrial species have firm, dense shells such as those of gopher 
tortoises (Gopherus polyphemus). Loss of bone in the central portions 
of the carapace and plastron of the pancake tortoise (Malacochersus 
tornieri) is normal and allows the species to wedge itself into rock 
crevices, where it may inflate itself to escape predation. Shells may 
be flexible at the bridges, which allows the hinged plastron of some 
species (Terrepene spp., Cuora spp., Kinosternon spp.) to seal tight 
against the carapace, whereas tortoises in the genus Kinyxs have 
hinged carapaces for protection. Certain aquatic species such as 
snapping turtles and certain species of the genus Kinosternon have 
reduced plastrons providing minimal rigid protection of the limbs. 
Vertebrae are incorporated into the carapace from the first thoracic 
vertebra caudally to the coccygeal vertebra. Sea turtles are unable to 
retract their heads and necks fully under their shells. Retraction of 
the head and neck may be in a horizontal plane as in the Pleurodiran 
species (side-necked and snake-necked turtles), or in a vertical plane 
by direct caudal retraction as is done in Cryptodiran species (typical 
of all land tortoises and most freshwater species of the northern 
hemisphere). 

Chelonian limbs are highly variable between species groups. Sea 
turtles and the freshwater pig-nosed turtle (Carettochelys) have flat- 
tened limbs that are highly adapted to an aquatic existence but that 
serve very poorly for walking on land. Most freshwater turtle species 
have varying degrees of interdigital webbing to facilitate swimming 
but retain the ability to walk on land. Some aquatic species such as 
snapping turtles are not good swimmers but “walk” on the bottom 
substrate during normal locomotion. Fully terrestrial species (Testu- 
dinadae) may have flattened forelimbs for burrowing and tend to 
have elephantine hindlimbs adapted for walking on land. 


The renal-portal system directs blood from the caudal region of 
the body through the kidneys or may divert it into the central cir- 
culation. Blood is shunted through the kidneys in times of water 
deprivation; however, pharmacokinetic studies have shown no sig- 
nificant difference in drug metabolism if injections are given in the 
caudal region versus the cranial limbs.’ 


Special Physiology 


All chelonians are considered ectothermic, although leatherback sea 
turtles are somewhat homeothermic. Preferred optimal temperatures 
differ according to species and should be considered in housing 
chelonians. Temperatures in the natural environment change accord- 
ing to diurnal and seasonal cycles. Captive animals should not be 
subjected to constant temperatures but should be provided with a 
diurnal fluctuation and a thermal gradient. Most turtles and tortoises 
depend on behavioral adaptations such as basking in the sun, 
seeking shade, or entering water or burrows to elevate, maintain, or 
decrease body temperatures. Immune function is enhanced when 
animals may achieve their preferred optimal temperature. For highly 
aquatic species, maintaining appropriate water temperature ranges 
is critical for behavioral reasons and for physiologic functions such 
as digestion. 

Chelonians may demonstrate episodic breathing and may shunt 
blood to or away from the lungs via vascular and intracardiac shunt- 
ing mechanisms. Additionally, species adept at breath-holding dem- 
onstrate adaptations such as tolerance of hypoxia, large lung volume, 
rapid and extensive air exchange during ventilation, and physiologic 
buffering by bone, blood, and pericardial fluid of lactic acid and 
hydrogen ions built up during anaerobic metabolism. In aquatic 
species, gas exchange may also occur through the integument, 
pharynx, or cloacal tissues. Soft-shelled turtles may obtain up to 70% 
of their oxygen during submergence through their leathery shell.” 

The kidneys of turtles have fewer nephrons than those of 
mammals and no loop of Henle, which creates an inability to con- 
centrate urine. Nitrogenous waste is excreted as ammonia, urea, or 
uric acid. Proportions vary according to the biology of the species. 
Marine turtles and highly aquatic freshwater turtles may excrete up 
to 25% of their nitrogenous waste as ammonia. Other aquatic turtles 
may excrete primarily urea. Tortoises excrete most nitrogenous waste 
as relatively insoluble uric acid to prevent water loss. Water may be 
held in the urinary bladder and resorbed into general circulation. 
The ability of tortoises to store water in this manner enhances sur- 
vival in xeric habitats and during times of drought. When handling 
tortoises in the wild, care must be taken to prevent the animals from 
urinating because this could result in significant losses of fluids that 
the animal might not be able to replace. 


FEEDING 


The diverse species of chelonians demonstrate great diversity in diet 
and feeding habits. They may be omnivores, eating a broad spectrum 
of foods to constitute a complete diet, or they may be specialist 
feeders and have a strict, narrow spectrum of food items that they 
will accept. They may be herbivores, omnivores, or carnivores. Many 
have feeding strategies that change during different life stages. 
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Species) Common Name Weight (Adult) Habitat Geographic Distribution 

Carettochelyidae (1) Fly river (pig-nosed) turtle 15 kg Rivers Australia and New Guinea 

Chelidae (54) Snake-necked turtles 0.25 to 20 kg Rivers and lakes Australia, New Guinea, Eastern 

South America 
Cheloniidae (6) Sea turtles 80 to 500 kg Oceans Worldwide 
Chelydridae (4) Snapping turtles 90 kg Lakes, slow moving Central, Eastern North America, 
streams Eastern Mexico, Western 
Columbia 

Dermatemydidae (1) Central American river turtle 30 kg Rivers Central America 

Dermochelyidae (1) Leatherback turtle 350 to 800 kg Oceans Worldwide 

Emydidae (51) Emydid turtles: terrapins, box 0.25 to 50 kg Lakes, rivers, streams, Americas, Europe, North Africa, 
turtles, sliders, and cooters and brackish water Middle East 

Geoemydidae (69) Asian box and freshwater turtles, 0.1 kg to 50 kg Freshwater and terrestrial Asia, Mexico to northern South 
and neotropical wood turtles habitats America 

Kinosternidae (25) Mud and musk turtles 0.15 to 2 kg Freshwater; mud banks Americas 

Pelomedusidae (19) ` Afro-American sidenecks Up to 90 kg Freshwater lakes, streams South America and Africa 

Platysternidae (1) Bigheaded turtles Up to 0.5 kg Mountain streams Asia 

Podocnemididae (8) ` South American and Malagasy Up to 75 kg Rivers South America and Madagascar 
sidenecks 

Testudinidae (59) Tortoises 0.1 to 250 kg Semi-arid, arid, mountain, | Americas, Europe, Africa, and Asia 


and forest 


Trionychidae (31) Softshell turtles 


0.25 to 300 kg 


Rivers and lakes North America, Africa, and Asia 


Wild-caught animals may be very difficult to acclimate to novel food 
items, and some may never willingly transition to captive foods. It 
is important to be familiar with the natural history of certain “special- 
ized feeders” to provide familiar and acceptable food items while 
transferring animals to a balanced captive diet. Tortoises are herbi- 
vores that tend to graze on grasses and annual forbs but have very 
little natural exposure to fruits. Freshwater turtles are primarily 
omnivorous, consuming fish, crustaceans, snails, aquatic grasses, 
fallen fruits, and many other food items. Some are more carnivorous 
as juveniles but become more herbivorous with age. Complete 
rations have been formulated specifically for different groups of 
animals, and some may be used successfully for all life stages. Like 
other aquatic turtles, sea turtles may be omnivorous, carnivorous, or 
herbivorous. Green sea turtles feed on sea grasses and algae. Log- 
gethead and Ridley sea turtles prefer a diet of molluscs and crusta- 
ceans, whereas hawksbills specialize on sponges and leatherback sea 
turtles consume primarily jellyfish. Captive sea turtles will eat fish, 
crustaceans, and molluscs and may be acclimated to balanced diets 
in pellet or gelatin form. Obesity is not uncommon in captive turtles. 
One should remember that in nature, chelonians may spend a con- 
siderable amount of time foraging as a daily activity and such activity 
may provide benefits for well-being beyond simple nutrition. In 
general, hatchling chelonians of all species should be fed daily. Fre- 
quency of feeding may be reduced with age, but most species should 
be fed at least twice per week as adults. 


RESTRAINT AND HANDLING 


This minimizes the potential for bites or scratches. For species that 
may be lifted easily, care must be taken not to flip them upside down 
rapidly. This may cause immediate changes in hemodynamics that 
may cause distress to the animal, may impair ventilation because of 
compression of the lungs under the weight of coelomic viscera, or 
result in intestinal or uterine torsion. Aggressive animals may require 
diversion, immobilization, or blocking of the head to safely examine 
them. Materials such as rolls of tape or padded sticks or polyvinyl 
chloride pipes serve well as bite blocks placed in the mouth and 
secured with tape around the head. For small species, pushing the 
head under the carapace in a natural position and maintaining it 
there manually or with padding covered and taped to the shell allows 
nonpainful procedures on other portions of the body to proceed in 
safety. Many tortoises will not struggle if their eyes are covered or 
the heads are in the confines of their shells. Conversely, when che- 
lonians are regressed completely into their shells, extricating limbs 
or the head without harming the animal is challenging. Some animals 
will extend their limbs when securely balanced on a pedestal, allow- 
ing for visual examination of the appendages and potentially permit- 
ting restraint of a limb or the head and neck. Using a small metal 
spatula, usually, even the tightest hinged plastron of a box turtle or 
the armored front leg of a tortoise may be breeched. Gentle, steady 
traction on the closed plastron or leg is usually rewarded by relax- 
ation of the defense mechanisms. In extreme cases, chemical immo- 
bilization must be used to examine or treat the animal. 


SURGERY AND ANESTHESIA 


Most chelonia are relatively easily restrained. A potential risk exists 
for handlers from bites, scratches from claws, or cuts from projec- 
tions of scales or points on the shell. Green sea turtles may flap their 
front flippers forcefully enough to fracture their humerus and may 
easily injure handlers while struggling. It is generally most safe to 
lift larger animals, placing one hand on the anterior carapace over 
the neck and the other hand on the caudal carapace over the tail. 


General anesthesia may be induced and maintained with parenteral 
agents given through intravenous or intramuscular routes (Table 
4-2). Gas anesthetics may be used to induce and maintain anesthesia, 
but induction under voluntary respiration may be prolonged when 
animals hold their breath. Direct intubation of the glottis may be 
accomplished in the awake chelonian through use of an oral specu- 
lum. The glottis is located at the base of the tongue and is closed 


TABLE 4-2 


Generic (Trade) Name 


Dose and Route 
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Comment 


Atipamezole (Antisedan) 


5x dose of medetomidine, 10x dose of 
dexmedetomidine 


a-adrenergic reversal for medetomidine and 
dexmedetomidine 


Bupivacaine 


1 to 2 mg/kg local infiltration 
4 mg/kg maximum dose 


Local anesthetic 


Buprenorphine 


0.075 mg/kg SC 


Effect lasts 24 or more hours 


Butorphanol (Torbugesic) 


0.2 mg/kg IM 


Tranquilizer 


Dexmedetomidine (Dexdomitor) 


0.03 to 0.075 mg/kg 


Anesthesia 
Use in combination with ketamine 
Reverse with atipamezole 


Diazepam (Valium) 


0.2 to 1.0 mg/kg IM 


Use with ketamine for relaxation 


Isoflurane (ISOFlo) 


3% to 5% 


Use face mask, chamber, or endotracheal tube 
Long induction time 


Ketamine HCI (Multiple) 


5 to 25 mg/kg IV or 20 to 60 mg/kg IM 


Highly variable response to IM dosing 


Use lower doses İV or in combination with o-adrenergic and 
higher dose IM or when given alone 


Lidocaine (0.05-2%) (Multiple) 
2%/20 kg for epithecal 


Up to 2 mg/kg total dose, 1 mL 


Local infiltration or epithecal 


Medetomidine (Dormitor; Zaloprim) 0.1 to 0.15 mg/kg IV or IM 


Use with ketamine, 5 mg/kg 
Reverse with atipamezole 


Meloxicam 0.1 to 0.5 mg/kg PO, IM, or 0.22 mg/ Analgesia 
kg IV Study in red-eared sliders 
Better absorption IM versus PO 
Rapid elimination after IV administration 
Morphine 1.5 to 6.5 mg/kg SC Analgesia 


Higher dose has more rapid onset (2 hours versus 4), both 
last over 8 hours 


Propofol (Deprivan) 5 to 10 mg/kg IV 


Tiletamine/zolazapam (Telazol) 5 to 10 mg/kg IV or IM 


Restraint for 30 to 60 minutes 
May cause respiratory depression requiring intubation and 
positive-pressure ventilation 


Prolonged recovery, generally insufficient as sole anesthetic 
Reverse with flumazenil 1 mg/20 mg zolezepam IM or IV 


Tramadol 10 mg/kg PO 


10 mg/kg SC 


Analgesia 

Lasts 9 to 96 hours 
Analgesia 

Lasts 12 to 48 hours 


Xylazine (Rompun) 0.1 to 1.25 mg/kg IV or IM 


Variable results, not recommended 
Reverse with yohimbine 0.125 mg/kg IM 


IM, Intramuscularly: /V, intravenously, PO, per os. 


unless the animal is taking a breath. An appropriate sized endotra- 
cheal tube may be gently forced into the glottis and the animal 
induced using positive pressure ventilation until an acceptable level 
of anesthesia is achieved. The trachea bifurcates into paired bronchi 
in the cranial one third of the cervical area and has complete carti- 
agenous rings. Care should be taken to prevent unilateral bronchial 
intubation. Anesthetic agents are metabolized more slowly under low 
body temperatures, so special attention should be given to maintain- 
ing the anesthetized chelonian at or near its preferred optimal tem- 
perature range. The turtle’s ability to withstand prolonged anoxia 
may cause reduced ventilation, resulting in reduced exchange of 
anesthetic gases. Whenever possible, animals under anesthesia 
should be intubated and provided with assisted ventilation. Recovery 
after gas anesthesia may be prolonged because ventilation is not 
induced by hypercapnea and decreases during hyperoxia. The use 
of room air rather than oxygen will speed anesthetic recovery.’ The 
use of local anesthetic (lidocaine 2% or bupivacaine 0.5%) may be 
used as adjunct to general anesthesia. Epithecal anesthesia (2% 


lidocaine at 1 mL/20 kg) may be used alone or in conjunction with 
general anesthesia for surgeries of the cloaca and tail (Figures 4-1 
and 4-2).° 

Surgical procedures should be performed under appropriate 
anesthesia and aseptic conditions. Intracoelomic surgery such as 
ovariectomy, salpingotomy for removing retained eggs, or enterot- 
omy for removing a foreign body may be achieved by accessing the 
coelom through the prefemoral fossa. Incision size may be kept to a 
minimum by using rigid endoscopy to retract the ovarian tissue, 
oviduct, or intestine and bring it to the skin incision. Intracoelomic 
access may be limited via this route, however, and surgical objectives 
may require cutting through the plastron. In brief, the shell is cut to 
make a beveled edge by using a drill or a saw while attempting to 
keep a portion of the cut shell attached by preserving the periosteum. 
Care is taken to identify the coelomic blood vessels before incising 
them. With the shell out of the way, surgery may proceed as for any 
routine abdominal procedure. After the primary surgical objectives 
are met, closure of the coelom is accomplished by replacing the shell 
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FIGURE 4-1 Needle insertion for epithecal injection in a giant 
tortoise. 


b 


FIGURE 4-2 Cross-section of caudal vertebra showing epithecal 
space (a) and spinal cord (b). (Photo courtesy of Steve Divers.) 


with the use of the beveled edge to help position and stabilize the 
lap during closure. The flap is affixed to the plastron using materials 
such as bone cement, acrylic, screws, and cerclage wire, in combina- 
ion or alone. As with any orthopedic manipulation, complete 
healing of the shell may take months. Plastrotomy is not advised in 
species having dynamic movement of the plastron during normal 
respiration or diving (e.g., sea turtles), as the surgery site will be in 
constant motion, impeding or preventing the healing process. Fish 
hooks are commonly ingested by sea turtles and frequently lodge in 
he lower esophagus near the base of the heart. These may generally 
be accessed through a ventral cervical incision, retracting the 
esophagus cranially to access the site where the hook has lodged 
(Figure 4-3). 

Orthopedic procedures are similar to those for other animals. The 
density of long bones is generally greater than for mammals, and 
external splints may be challenging to maintain. Limbs may be taped 
inside shell openings for crude but effective means of immobilizing 
fractures of extremities. Shell fracture is a common presentation of 
animals hit by automobiles or speedboats. The fracture site is fre- 
quently grossly contaminated with dirt or water, with contamination 
of the lungs or coelomic cavity being a potential risk. The wound 


FIGURE 4-3 Radiograph of a Kemp's ridley sea turtle with esopha- 
geal foreign body. The hook was removed via caudal cervical 
esophagotomy. 


should be cleaned and the fragments stabilized by using support bars 
or cerclage wire, which will allow treatment of the fracture site as an 
open wound. Large defects with loss of shell fragments may be 
treated with vacuum-assisted closure. Healing time may take up to 
a year for bony bridging and reepithelialization. 


CLINICAL PROCEDURES 
Physical Examination 


It may be daunting to try to perform a physical examination on a 
chelonian that is completely and firmly withdrawn into its shell, but 
the foundation of diagnosis lies with a good physical examination in 
combination with the history and signalment of the patient. Ideally, 
the patient should be examined in its primary enclosure, where it 
may be observed swimming or ambulating. In aquatic species, buoy- 
ancy, limb use, respiratory pattern, and environmental awareness 
have to be assessed. Once “in hand,” the animal should be weighed. 
Healthy chelonians often seem slightly heavier than expected when 
picked up. If an animal feels light, it may be malnourished or dehy- 
drated. It is possible to overpower most smaller individuals, but 
patience and gentle, firm handling will often yield excellent results. 
Visual examination of the head, neck, limbs, and tail should help 
assess symmetry, skin condition, presence or absence of scars, ecto- 
parasites, excess skin, overgrown nails, and presence and density of 
epibionts (algae and other commensal organisms) on the carapace. 
Presence of an abundance of epibionts may indicate chronicity of a 
problem. Thick algae on the carapace of a basking species may 
indicate that it has not hauled out to thermoregulate, and high 
numbers of barnacles on sea turtles may indicate prolonged lethargy 
or reduced activity, as healthy turtles tend to have cleaner shells. 
Evaluation of the gastrointestinal (GI) system starts with the oral 
cavity (often easily done with more aggressive species!) for abnormal 
mucosa or foreign bodies (fish hooks are common in some species). 
The cloaca is examined for swelling, foreign bodies, or trauma. 
Evaluation of the respiratory system is done through examination of 
the nares, choana, and glottis. This is followed by listening to respira- 
tion and auscultating the lung over the dorsum of the carapace. 
Percussion of both right and left lungs should sound the same. 
Neurologic evaluation includes observation of posture, carriage of 


head, symmetry of muscle mass, tone, and strength. Reflexes may 
be evaluated using tactile stimuli such as a toe pinch. Eyes should 
be clear and symmetrical, with no discharge or swelling of adnexa. 
The tympanum, located just caudal and ventral to the eye should be 
lat and bilaterally symmetrical. Abdominal palpation performed in 
he prefemoral fossae may reveal the presence of coelomic masses, 
ova, bladder stones, and ascites. 

Blood samples should be drawn into tubes or syringes containing 
he anticoagulants sodium or lithium heparin. Ethylenediaminetet- 
raacetic acid (EDTA) should not be used because it causes hemolysis, 
which precludes obtaining accurate hematocrits and electrolyte 
determination. In addition, blood smears do not stain optimally with 
EDTA compared with heparin. Several sites are easily accessible for 
blood collection. Venipuncture of the jugular is the most reliable site 
for uncontaminated peripheral blood samples. The jugular vein is 
easily visualized in most species when the head and neck are held 
in extension. Extending the head and neck may be challenging in 
strong or aggressive species and may require tranquilization to 
prevent injury. Sample contamination with lymph is common to 
most venipuncture sites other than the jugular vein. The dorsal coc- 
cygeal vein requires the least overall restraint and is located just 
dorsal to the dorsal aspect of the vertebral body on the tail. The 
needle is introduced into the dorsal skin at a 45- to 90-degree angle 
o the vertebra. Vascular access to the axillary branch of the brachial 
vein in the forelimb may be achieved by extending the animals front 
eg and inserting a needle through the skin distal to the carpus and 
between the carpal flexor tendons aiming toward the posterior side 
of the carpal joint. The subcarapacal sinus is located just under the 
carapace immediately caudal to the last cervical and cranial to the 
first thoracic vertebrae. The venipuncture site may be accessed by 
pushing the head down and into the shell then palpating the bony 
prominence of the vertebra where it meets the carapace. The needle 
is inserted on the midline just caudal to the juncture of the skin with 
he carapace, aiming toward the carapace just cranial to the vertebral 
prominence. In sea turtles, the dorsal cervical sinus (supravertebral), 
ocated one third the distance from the carapace to the base of the 
skull, affords a reliable site for uncontaminated blood collection with 
minimal restraint. The head is directed forward and down, and an 
appropriate length needle (up to 34% inches in large animals) is 
introduced lateral to midline on either side. Raising the turtle’s body 
relative to the head enhances filling of the sinus. Ultrasonography 
may be used to locate the vein if difficulty is encountered. 
The occipital sinus may also be used for blood collection, but this 
requires that the head be restrained firmly in an extended position 
and tilted down at a 45-degree angle to the spine. A needle is intro- 
duced just caudal to the occipitus, perpendicular to the spine. Lym- 
phatic contamination sometimes is encountered at this site. 


Diagnostics 


Hematology 
Complete blood cell counts generally are performed using manual 
cell-counting techniques, although automated methods have been 
used for red blood cell (RBC) counts. Hemoglobin determination is 
accomplished by serometer, hemoglobinometer, or automated 
methods. Microhematocrit centrifugation is the standard for packed 
cell volume (PCV) determination. RBCs are nucleated and range in 
number from 0.154 to 0.980 x 10°/uL, depending on species and 
time of year. RBCs have long life spans, with the mean in box turtles 
being 600 to 800 days. Peak reticulocyte response to blood loss takes 
up to 5 weeks to achieve. Because turtles have a total blood volume 
of 5% to 8% of total body weight and the standard procedure is to 
limit blood collection to 10% of the total, restricting sample size to 
0.5% to 0.8% of the body weight (0.5 to 0.8 mL for a 100-g animal) 
is appropriate. Drawing blood frequently over a short period or in 
excess of recommended volumes may cause iatrogenic anemia, 
which corrects slowly. 
White blood cell (WBC) differentiation is best performed on 
smears that have been made immediately after collection. Heparin is 
the preferred anticoagulant because of less distortion of WBC 
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morphology. Blood smears made in the field do not stain well if 
staining is delayed more than a few days, even when they are fixed 
soon after being made. For best results, smears should be stained 
within a few hours of being made. Total WBC counts may be deter- 
mined by the direct method (Natt-Herricks) or indirectly (phloxin 
B solution or estimation from smear). The most reliable results are 
obtained by consistent processing and analysis. All methods require 
some level of technical skill to achieve accuracy, and methods may 
not be comparable directly one with another within or between labo- 
ratories. It is ideal to use one laboratory and one or two technicians 
with similar training and skills, as significant variation may occur 
between laboratories because of the interpretations of the technicians 
handling the samples. 

The chelonian leukocyte response is less predictable than in 
mammals or birds. Normal (reference) values are hard to establish 
because of variations by species, season, nutritional status, type of 
stain, venipuncture site, handling of sample, age, sex, and anticoagu- 
lant used. Twofold changes in a parameter constitute a significant 
change. The best use of hematologic values is to monitor a patients 
response to therapy. Blood values change seasonally, especially with 
species that undergo brumation (hibernation). For example, total 
RBC counts are highest before brumation and lowest immediately 
thereafter. Other parameters change as well and should be consid- 
ered relative to the environmental conditions and sample handling 
and processing. Heterophil counts increase during summer and 
decrease during brumation. Increased counts may indicate inflam- 
mation or bacterial disease. “Toxic” heterophils display cytoplasmic 
basophilia, abnormal granulation, and a lobed nucleus and are 
present in cases of inflammation. Eosinophilia may be seen in para- 
sitic disease. Basophilia may be present in parasitic infection as well 
as in viral disease processes. Lymphocyte counts are low to absent 
in the winter and are low in cases of malnutrition and in diseases 
secondary to stress and immunosuppression. Lymphocytosis is seen 
in wound healing, parasitic disease, and viral infections. Monocyte 
numbers increase in granulomatous inflammation. Reference ranges 
for selected chelonian species are available elsewhere.’ 


Biochemistry 

Biochemistries may be determined on plasma or serum. Whole blood 
should be cooled or centrifuged within 15 minutes of collection to 
prevent changes from RBC metabolism such as loss of potassium into 
he plasma. The anticoagulant EDTA causes changes in potassium 
and calcium directly and in other parameters through the effects of 
hemolysis. 

Serum biochemical parameters are similarly affected by the 
factors that affect hematology values. Blood samples yield a higher 
volume of plasma compared with serum, so biochemical assays are 
routinely run on plasma. Often, blood samples are obtained with a 
varying degree of lymph contamination. Values of glucose, calcium, 
phosphorous, sodium, urea, and enzymes in lymph are comparable 
with those in plasma. Lymph is lower in total protein and potassium 
compared with plasma. Assessment of renal function in chelonians 
is more difficult because of the physiologic differences between fresh- 
water, saltwater, and terrestrial species. Blood urea nitrogen (BUN) 
and creatinine are generally poor indicators of renal disease. Values 
are generally low (<40 milligrams per deciliter [mg/dL]) in terrestrial 
and freshwater species and higher in marine species (~100 mg/dL) 
and terrestrial species during dry season when they are conserving 
water. A low value in marine species may be an indicator of pro- 
onged anorexia. Plasma uric acid levels in chelonians are generally 
ower than 5 mg/dL. Elevations may be seen in cases of bacteremia, 
septicemia, nephrocalcinosis, and nephrotoxicity but may also rep- 
resent gout or the recent ingestion of a high-protein diet. Sodium 
evels range from 120 to 150 milliequivalents per liter (mEq/L) in 
ortoises and freshwater turtles and from 150 to 170 mEq/L in sea 
urtles. Hyponatremia may result from GI or renal disease, over- 
supplementation of fluids low in sodium, disease of the salt gland, 
or maintenance of saltwater species in fresh water. Hypernatremia 
may occur in dehydration or excessive dietary intake. Potassium 


32 PART Il ° REPTILE GROUPS 


evels normally range from 2 to 6 


reduced intake or excess GI loss. 
o 7.7 at temperatures of 23° C to 
reduce blood pH, and prolonged 


mEq/L. They are elevated because 


of hemolysis and reduced renal secretion and are low because of 


ormal blood pH ranges from 7.5 
25° C. Increasing temperature wil 
anesthesia will increase it. Blood 


calcium levels range from 8 to 11 mg/dL. Levels may increase two 
o four times because of follicular development. Levels less than 8 
may be caused by anorexia, dietary deficiencies of calcium or vitamin 
D3, hypoalbuminemia, alkalosis, or hypoparathyroidism. Norma 
phosphorous levels range from 1 to 5 mg/dL. Low levels are caused 
by starvation or nutritional deficiency. Hyperphosphatemia results 
rom excessive dietary phosphorous, hypervitaminosis D, rena 
disease, or severe tissue trauma or may be falsely elevated because 
of leakage from RBCs when not separated quickly enough from 
serum or plasma. 

Aspartate aminotransferase (AST) and lactate dehydrogenase 
(LDH) activities are high in chelonian liver tissue but are not specific 
or this organ. AST is found in many tissues. Levels above 250 inter- 
national units per liter (IU/L) suggest liver or muscle damage, sep- 
icemia, or toxicity. LDH levels above 1000 IU/L may be associated 
with hemolysis or with damage to the liver, heart, and skeletal 
muscle. Elevation of LDH and AST in the absence of elevation of 
creatinine kinase (CK) is indicative of liver disease. Plasma protein 
evels range from 3 to 7 g/dL. Low levels are seen in chronic malnu- 
rition, protein-losing enteropathies, and maldigestion and in chronic 
iver and kidney disease. Elevated levels are most commonly seen 
during folliculogenesis but may also be seen in dehydration or may 
be caused by hyperglobulinemia associated with infectious disease. 
Plasma glucose normally ranges from 60 to 100 mg/dL. Low levels 
may be caused by starvation, malnutrition, hepatobiliary disease and 
septicemia. Elevated levels are most likely iatrogenic and caused by 
excess glucose administration or the administration of glucocorti- 
coids. CK is a muscle-specific enzyme. Elevations occur with muscle 
injury from trauma, struggling, systemic infection, or administration 
of intramuscular injection of fluids or irritating drugs such as enro- 
floxacin. Reference ranges for selected chelonian species are available 
elsewhere. 


Other Tests 
Serologic testing (enzyme-linked immunosorbent assay [ELISA]) for 
Mycoplasma spp. is performed readily on small quantities of plasma 
or serum. At the time of sampling, nasal flushes should be performed 
and frozen for polymerase chain reaction (PCR) testing or culture, 
o be run if the titer is positive. 

Fresh or formalin-fixed feces may be used for fecal centrifugation 
or flotation and for direct examination for detection of enteric para- 
sites and ova. Immunofluorescent antibody testing also may be per- 
ormed for detection of Cryptosporidium spp. Fresh feces, feces in 
neutral media, and feces frozen in tryptose soy broth or neutral 
media are appropriate for enteric culture. Fresh or frozen feces also 
may be examined routinely under transmission electron microscopy 
or viral particles. If enteric clostridial infections are suspected, 
rozen feces may be used for assaying for clostridial toxins. Urinalysis 
may be performed on voided urine. The kidney cannot concentrate, 
and urine passes from the kidney, through the urodeum, into the 
bladder, so it cannot be considered sterile. Standard urine dipsticks 
appear to be useful but have not been validated on reptile urine. 
Urine pH tends to be alkaline in herbivorous species and acidic in 
carnivorous species. Urine protein levels should be zero to trace. 
Glucose should be negative. Hemoglobin, myoglobin, or RBCs may 
produce a positive reaction on the blood test of the strip. Any posi- 
ive reading should be followed up with a urine sediment evaluation. 
Ketones may be detected from animals coming out of brumation or 
hibernation, but abnormal urine color may result in a false-positive 
est. Urine sediment evaluation may reveal crystals, casts, bacteria, 
ungi, protozoans, and helminth eggs. Interpretation of findings 
should be made relative to the animals clinical presentation, keeping 
in mind that urine passes through the common urodeum and is 
ikely contaminated with products from the genital and GI systems. 


Gross postmortem evaluation with histopathologic examination 
should be done on any animal that has died. 


Imaging 

The old adage “A picture is worth a thousand words” holds true with 
respect to recording visual observations. Digital photographs are 
useful in recording the appearance of animals at presentation and 
for tracking change over time. Radiography is useful for diagnosing 
a variety of conditions. Three whole-body views commonly are 
obtained for general surveys: anteroposterior, dorsoventral, and 
lateral (Figures 4-4, 4-5, and 4-6). The anteroposterior and lateral 


FIGURE 4-4 Dorsoventral radiograph of a Kemp's ridley sea turtle 
showing opacity in the left lung field. 


FIGURE 4-6 Horizontal beam anteroposterior view of Kemp's ridley 
sea turtle showing opacity in left lung field. 


views are best obtained by maintaining the animal in a normal 
posture (rather than turning the animal on its side or upending it) 
with the x-ray tube being moved relative to the animal to obtain the 
desired view. The anteroposterior view is best for screening for 
potential pneumonia and the dorsoventral view for surveying the GI 
and reproductive systems. Contrast radiography is performed by 
administration of the appropriate media via gavage or intravenously. 
In leopard tortoises, transit time for barium sulfate from the stomach 
o the large intestine is 5 to 8 hours, with emptying of the large 
intestine occurring in 144 to 166 hours, whereas transit time in 
Galapagos giant tortoises may be 2 to 4 weeks. 

Ultrasonography of the coelom commonly is performed to assess 
he cardiac, hepatic, renal, and reproductive systems. The prefemora 
fossae provide a window to the coelom and are adequate for mos 
studies. With animals that are too small for the ultrasound probe to 
fit into this space, the body of the animal may be placed into water, 
and scanning may be done with water providing conductivity so tha 
he probe may be offset with resulting magnification of the images. 

Magnetic resonance imaging (MRI) and computed tomography 
(CT) are modalities that are useful for imaging internal lesions after 
initial screening with radiography and ultrasonography. 

Rigid endoscopy may be used for directly visualizing the viscera 
and taking biopsies and may be used for sex determination of young 
animals. Flexible endoscopy also provides nonsurgical access to the 
GI and respiratory tracts for evaluation and biopsy. 


TREATMENT MODALITIES 


Parenteral treatments may be administered intramuscularly, subcu- 
aneously, intracoelomically, or intravenously. The pectoral muscle 
mass is the preferred site of intramuscular (IM) injection in most 
species. It may be accessed from the cranial direction and is ventral 
o the thoracic limb. Intracoelomic injections may be given from the 
cranial aspect between the bridge and the thoracic limb, directing 
he needle parallel to the bridge, and caudally toward the coelomic 
cavity. Injections may also be given into the prefemoral fossa, but it 
is easy to inject into the urinary bladder at this site. Intraosseous 
catheterization may be performed using the bones of the bridges of 
he shell. 

Many treatments may be administered per os, on food, or with a 
ball-ended feeding tube. To avoid excessive restraint on the head and 
neck, many chelonians may be encouraged to open their mouths in 
a defensive posture. The lubricated feeding tube may be placed in 
he mouth quickly, and usually the animal, in an attempt to reject 
he metal object, will advance its head, and the feeding tube may be 
advanced gently down the esophagus without the head being tightly 
restrained. 

For repeated gavage treatments or for enteral nutrition, use of an 
indwelling pharyngostomy tube is indicated. The animal is anesthe- 
ized, and the left side of the neck is prepared surgically. A closed 
hemostat is placed into the mouth and past the pharynx into the 
esophagus. An incision is made over the point of the hemostat, 
hrough the skin, and into the esophagus. A rubber feeding tube of 
appropriate size for the animal is grasped by the hemostats and 
pulled into the esophagus. The tube then is advanced to the level of 
he stomach, is secured with sutures at the neck, and then is taped 
o the carapace, leaving enough length for extension of the neck. 
Taping of the left leg into the shell to prevent it from dislodging the 
ube may be necessary. Pharyngostomy tubes may be left in place for 
months. Aquatic turtles may have access to water with the tube in 
place. In the case of anorexic animals, the tube should be left in place 
until the animal is eating consistently.’ 

Treatment of pneumonia may be enhanced by using pulmonic 
catheters for direct administration of antimicrobials or removal of 
mucous or purulent material. To place the catheter, a small hole is 
made in the carapace, and a catheter with stylet is introduced into 
he lung. Samples for culture may be obtained through the catheter 
before introducing medication. The catheter is capped with an injec- 
ion port and taped to the carapace. In the case of aquatic animals, 
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silicon or cyanoacrylic may be used to seal the hole to prevent entry 
of water.’ 


DISEASES 


The relative prevalence of disease in captive chelonia is related to 
husbandry, housing, and movements of animals among collections 
(Tables 4-3 to 4-5). Environments that are stable, with the provision 
of adequate nutrition and few or no additions of new animals, afford 
ittle opportunity for infectious disease to gain a foothold. At the 
other end of the spectrum are some animal dealers and collections 
with numerous additions of animals from diverse sources, fluctua- 
ions in environmental conditions, and marginal nutrition. Under 
hose extremes, without proper quarantine programs, infectious dis- 
eases are not uncommon. Additionally, individual animals are more 
ikely to be affected by potential pathogens when good husbandry 
practices are not followed. In free-ranging animals, change in habitat, 
vegetative cover, water clarity, temperature, food resources or preda- 
ors from change associated with invasive species, and the introduc- 
ion of novel potential pathogens are important determinants of 
disease status. The presence of a potential pathogen is not synony- 
mous with disease and should be evaluated relative to the condition 
of the animal and the potential impact on a group of animals, captive 
or free-ranging. 

Diseases of concern in captive collections include infectious, 
parasitic, nutritional, metabolic, and traumatic. Infectious diseases 
may be controlled or prevented by screening animals before adding 
hem to a collection, by quarantining all incoming animals, and by 
maintaining good environmental conditions and hygiene. During 
quarantine routine physical examination, fecal centrifugation or flo- 
ation, and direct examination, screening for pertinent infectious 
diseases, survey radiography, complete blood cell count and chem- 
istries, and banking of plasma for further testing, if necessary, should 
all be performed. Treatment for parasites should be provided, as 
indicated (Tables 4-6 and 4-7). Animals showing signs of illness, in 
quarantine and in the collection, should be isolated until resolution 
of the problem. Because some diseases may be spread via fomites or 
other secondary methods, all quarantined or ill animals should be 
serviced after healthy ones or preferably by separate staff. 

Routine screening tests may sometimes yield positive results for 
potential pathogens. Decisions regarding the significance of the 
finding should not depend solely on the test results but should take 
into consideration such factors as the test status of potential contact 
animals, predictive value of the test for the species in question, value 
of the animal (genetic, conservation), morbidity or mortality poten- 
ial of the disease being tested, and treatment possibilities. As 
helonian-specific testing modalities are developed, more diseases 
will be elucidated. Pathogens may be encountered in species or 
individuals where they were not previously recognized or encoun- 
ered. A condition of “zero risk” is unlikely to be achieved with 
respect to disease transmission. Relative risks and potentially mitigat- 
ing actions need to be evaluated and weighed against the conserva- 
ion, education, or display potential of the action considered. This 
holds true for translocations of free-ranging animals as well. 


o 


REPRODUCTION 


All chelonia lay shelled eggs on land, usually in a nest cavity dug 
with the hindlimbs. The texture of the eggs ranges from leathery 
to hard. Clutch size may range İrom one in small tortoises and 
turtles, to greater than 100 in sea turtles and some freshvvater turtles. 
Clutch size and potentially the number of clutches per season are 
influenced by nutritional status. In desert tortoises, the number of 
eggs laid is reduced rather than a size reduction of the eggs laid 
during a poor nutritional state.” Incubation time may vary from 45 
to 360 days, depending on the species. A few species have been 
shown to undergo diapause prior to embryonic development, poten- 
tially extending incubation time by months, even within the same 
species. Most species of turtles have temperature-dependent sex 
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TABLE 4-3 


Disease (Agent) 


Epizootiology and 
Affected Species 


Signs 


Diagnosis 


Management 


Adenovirus 
(Siadenovirus) 


Sulawesi tortoise 
(Indotestudo forsteni) 


Anorexia, lethargy, mucosal 
ulcerations and palatine 
erosions of the oral 
cavity, nasal and ocular 
discharge, and diarrhea 


Consensus PCR and 
sequencing 


Quarantine, isolation, 
potential treatment with 
cidofovir 


Herpesviral infection of 
tortoises, freshwater 
turtles, and sea 
turtles (gray-patch 
disease; lung, eye, 
and trachea disease; 
fibropapillomatosis) 

(Herpesvirus) 


Animal-to-animal and 
contaminated 
environment 

Documented in 
freshwater turtles, 
tortoises, and sea 
turtles 


Nasal discharge, weight 
loss, necrotizing 
bronchitis, hepatitis, 
conjunctivitis, stomatitis, 
tracheitis, pneumonia, 
dermatitis, 
fibropapillomatous 
tumors, and death 


Histopathology: 
intranuclear 
inclusions in a variety 
of tissues; plasma 
neutralization and 
plasma ELISA; 
isolation of virus in 
viral culture 


Isolate infected animals 
Supportive care is required 
Excise tumors 


lridovirus, Ranavirus 
(İridovirus) 


Tortoises (Testudo and 
Gopherus), Eastern box 
turtles (Terrapene 
carolina) 


Necrotic stomatitis, 
esophagitis, rhinitis, 
pneumonia, abscess, 
splenitis, vasculitis, and 
death 


Hepatic foci and 
basophilic 
intracytoplasmic 
inclusions 

Consensus PCR and 
sequencing 


Isolate affected animals 

Supportive care 

No specific treatment is 
available 


Salmonellosis 
(Salmonella spp.) 


All species are susceptible 

Found commonly in 
asymptomatic animals 

May cause disease when 
new serotypes are 
encountered or with 
concomitant stressors 


Enteritis and sepsis 


Blood culture and 
cloacal culture 


Appropriate systemic 
antibiotic and supportive 
treatment are required 


Septicemic cutaneous 
ulcerative disease 

(Bacteria, including 
Citrobacter freundii 
and Pseudomonas 
spp.) 


Animals in contaminated 
environment or with 
chronic environmental 
stressors 

Aquatic turtles and many 
species are susceptible 


Cutaneous ulceration, 
sloughing skin, 
septicemia, dehydration, 
and death 


Clinical signs; blood 
culture; and 
cutaneous culture 


Provide antibiotic therapy; 
increase environmental 
temperature; increase 
salinity of the water 
temporarily; use 
medicated baths; and 
give supportive care 


Upper respiratory 
disease 
(Mycoplasma spp.) 


Animal to animal contact, 
possibly fomites 
Tortoises (Gopherus and 


Nasal and ocular discharge, 
pneumonia, weight loss, 
unthriftiness, and death 


PCR of nasal flush, 
rising serological 
titers, and culture 


Isolate seropositive animals 
May attempt treatment 
with systemic antibiotics 


Testudo) 
Serosurveys indicate 

exposure in other 

groups of chelonia 


Supportive care is required 


ELISA, Enzyme-linked immunosorbent assay; PCR, polymerase chain reaction. 


determination, that is, the sex of the embryo is determined by the 
temperatures to which the eggs are exposed during certain stages of 
incubation. With exception, females are produced at higher tempera- 
tures and males at lower temperatures. Age at reproduction varies 
by species. Large, slow-growing tortoises may require 15 to 20 years 
to reach sexual maturity. Faster growth may result in breeding at an 
earlier age, and slow growth may delay reproduction for years. 
Research has shown that in desert tortoises (Gopherus agassizii), 
reaching adult size and weight is not a predictor of successful repro- 
duction in females. 

During folliculogenesis, plasma calcium levels exceeding 25 mg/ 
dL, globulin levels greater than 8.0, and cholesterol levels greater 
than 200 are not uncommon. Folliculogenesis may be diagnosed 
directly by ultrasonography or indirectly via plasma biochemicals. If 
oviductal eggs are detected by palpation or appear to be calcified via 
ultrasonography, radiography may be used to count the number of 
eggs present. If females do not have a secure place to deposit their 


eggs, they may retain them for an extended period. One method for 
recovering eggs to lower the likelihood of damage is to place the 
animal in a shallow pool of water after administering oxytocin 
(10 IU/kg intramuscularly or intracoelomically, or 7.5 IU oxytocin/ 
kg mixed with 1.5 mg/kg prostaglandin F2o: [Feldmans M, personal 
communication]). The eggs will be deposited in the water and then 
float so that the animal is less likely to crush them than if they were 
deposited on land in a less than optimal site. Also, when there are 
multiple animals in an exhibit, exhibit mates are less likely to damage 
the eggs. Several species have been observed not to deposit all the 
eggs present in the oviduct in one clutch. Retention of shelled eggs 
in an otherwise healthy animal is not cause for concern. If the animal 
becomes anorexic or lethargic or otherwise seems systemically 
affected, more aggressive intervention consisting of subcutaneous or 
intracoelomic administration of fluids, calcium gluconate (100 mg/ 
kg), and repeated oxytocin or oxytocin with prostaglandin is indi- 
cated. Surgical extraction of the eggs occasionally is required. Rarely, 
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TABLE 4-4 m 
Disorder Cause Signs Treatment 
Drowning Fishing nets; getting caught in drains or Dyspnea or apnea, raspy Treat for shock; keep on a head-down 


on obstacles in enclosures 


respirations, coma, and death 


incline; intubate and apply PPV; 
oxygenate; and give antibiotics. 


Foreign body 


Unusual items in environment mistaken 


Weight loss and lethargy; 


Remove foreign body via endoscopy, 


ingestion for food items and ingested (plastic diagnosis with radiography and laparoscopy, stomach flushing, or 
bags, coins, or fish hooks) endoscopy surgery 
Hyperthermia Not able to thermoregulate downward Hyperactivity, then depression Cool animal to ambient temperature 


Hypervitaminosis A 


latrogenic, administration of too high a 
dose of vitamin A parenterally, or 
chronic dietary oversupplementation 


and subsequent organ failure 


Flaking and sloughing skin 


with water baths, provide 
intracoelomic fluids, treat for shock, 
and administer antibiotics 


Treat sloughed skin locally and prevent 
infection until skin is healed 


Hypothermia; cold 
stunned 


Sea turtles (rapid change in water 
temperatures); captive or terrestrial 
(sudden suboptimal temperatures 
with no basking areas available) 


Coma, flaccidity, depressed 
respirations, and bradycardia 


Warm animal to optimal temperatures 
slowly over days to weeks 

Give supportive treatment with fluids, 
steroids, antibiotics, antifungals, and 
parenteral nutrition 


Hypovitaminosis A 


Deficiency of vitamin A in diet 


Squamous metaplasia 
blepharoedema, nasal 
discharge, and pneumonia 


Give vitamin A parenterally once or 
twice, followed by addition of vitamin 
A to diet 


Metabolic bone 


Low calcium diet, inadequate exposure 


Soft shells, abnormal shell 


Increase dietary calcium without 


disease to ultraviolet radiation, chronic low formation, inability to raise increasing phosphorus; provide a 
environmental temperatures, and body off of ground, and source of ultraviolet radiation; 
renal failure hypocalcemic tetany administer calcium gluconate 
parenterally; increase environmental 
temperatures; address cause of renal 
failure; and treat symptomatically 
Pneumonia Bacteria, fungus, or protozoa; Mucopurulent tracheal discharge, Parenteral antimicrobial therapy, 


chronically low environmental 
temperatures 

Fungal pneumonia may be seen 
subsequent to prolonged antibiotic 
use 


radiographic lesions in lungs, 
and floating asymmetrically in 
water 


intrapulmonic therapy, and supportive 
care are required 
Prolonged treatment usually is required 


Scute abnormalities 


Genetic and incubation factors 


Asymmetry of scutes sometimes 
results in significant 
deformities during growth 


Supportive and palliative care are 
required 


Shell rot Bacteria, possible emboli, or fungus; Soft spots in shell, hyperemia, Provide systemic antimicrobial therapy 
environmental contamination; fibrinonecrotic debris and antimicrobial baths 
suboptimal environmental and Do not debride over-vigorously too 
nutritional conditions; and sequelae often 
to sepsis, inability to bask at Prolonged treatment usually is 
preferred temperature required. 

Shell trauma External force Shell broken or displaced Surgically debride and cleanse; repair 


with external fixation (acrylics, wires, 
and tape) 


PPV, Positive pressure ventilation. 


an egg may be too large to pass. However, some softening of the 
posterior portions of the shell may occur, allowing an apparently 
oversized egg to pass. In most cases, failure to lay eggs is attributable 
o concurrent nutritional, infectious, or husbandry problems. 

Assessing reproductive status of free-ranging females successfully 
is accomplished by ultrasonography. Although the numbers of eggs 
cannot be determined accurately, for field studies that occur other 
than just during egg laying (5% to 10% of the year), ultrasonography 
provides a way to assess ovarian activity without exposing the ovary 
o multiple radiographic events. The presence of mature ovarian 
follicles does not ensure that ovulation will occur because some 
females are capable of resorbing preovulatory follicles. 


The primary reproductive problem in males is a prolapsed 
phallus. Occasionally, during attempted breeding, an injury may 
occur or the time of engorgement or extrusion out of the cloaca may 
be extended. Retraction of the phallus becomes impossible because 
of damage to musculature or directly to the phallus. If intervention 
occurs early enough, the organ may be cleansed and manually 
replaced into the cloaca, and a purse string suture may be placed 
around the cloaca for 5 to 7 days. Attempts to reduce engorgement 
by using hyperosmotic agents, topical steroids, and cooling may be 
helpful. If the phallus cannot be reduced promptly and kept in place, 
it will reprolapse readily and may require amputation, which may 
be done under general or epithecal anesthesia. 
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TABLE 4-5 
Disease Etiologic Life Cycle Location in Host Diagnosis Clinical Signs Management 
Acariasis (ticks) | Nymphs and adults Axillary, inguinal, Visual Usually minor Use resmethrin and pyrethrins 


on chelonians 
They drop off to lay 


eggs 


neck, and shell 


May cause dermatitis 


Spray is approved for use in 
chelonians 

USDA is concerned about 
imported tortoises because 
of presence of Covvdria 
ruminatum in some ticks. 


Amebiasis Direct Colon, liver, and Direct fecal and Weight loss, enteritis, Keep terrestrial and aquatic 
portal vessels histopathologic and death separate 
examinations Treat with metronidazole, 
paromomycin, or 
iodochlorhydroxyquin 
Coccidiosis Direct; may be Intestine, renal, Fecal and Renal failure, enteritis, | Treatment of renal coccidia 
intermediate host and intranuclear histopathologic weight loss, and with toltrazuril may be 
examination death attempted 
Treat enteric coccidea with 
sulfonamides 
Cryptosporidium Direct Mucosa of Fecal, gastric wash Usually none; may be No treatments are proven; 
spp. stomach and IFA and direct associated with toltrazuril has been used. 
intestine plasma EIA chronic weight loss 
Hexamitiasis Direct Kidney and gall Cloacal wash Weight loss and Isolate ill animals and treat 


bladder 


depression 


with metronidazole, 
paromomycin, or 
iodochlorhydroxyquin 


Nematodes Direct and/or Gastrointestinal Fecal flotation, Weight loss, enteritis, Administer parasitacide and 
intermediate host tract, vascular direct, lung wash, gastrointestinal give supportive therapy 
microfilaria, and and blood smear blockage, pneumonia Do not use Ivermectin! 
lungs 
Trematodes Amphibians, Liver, gall bladder, Direct visualization, | Pneumonia, Treat with albendazole, 


crustaceans are 
intermediate 
hosts 


lungs, and 
vascular system 


lung washes, and 
sedimentation 
fecal exams 


granulomatous 


inflammation, and 


enteritis 


Praziquantel 
Freeze intermediate hosts 
before feeding 
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EIA, Enzyme immunoassay; /FA, immunofluorescent antibody; USDA, U.S. Department of Agriculture. 


TABLE 4-6 
Generic Name Dosage (mg/kg) Route Interval (Hours) Duration 
Amikacin 2.5-5 M 48-72 5-10 Tx 
Ampicillin 20-50 M 12-24 7-14 days 
Carbenicillin 200-400 M 48 5-7 Tx 
Ceftazidime 20-40 M 48-72 5-14 Tx 
Ceftiofur sodium 2.2-4 M 24 7-21 days 
Chloramphenicol 25-50 M or PO 24 7-14 days 
Clarithromycin 15 PO 48-72 5-7 days 
Doxycycline 50 once, then 25 M 72 5-7 Tx 
Enrofloxacin 2.5-10 M or PO 24-96 7-21 days 
Do not use IM in Galapagos tortoises 
Fluconazole 5 PO 24 10-40 Tx 
Gentamicin 5-10 M 48-72 5 Tx 
Ketoconazole 15-30 PO 24 7-21 days 
Metronidazole 20-50 PO 24 5-14 days 
Oxytetracycline 5-10 mg/kg M 24 5-10 days 
Trimethoprim- sulfamethoxazole 30 PO 24 7-10 days 


IM, Intramuscular, PO, by mouth; Tx, treatmenti(s). 


TABLE 4-7 


Generic Name (Trade Name) Dosage (mg/kg) Route 
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Frequency and Duration (Comments 


Albendazole (Valbazen) 50 PO Repeat in 2 weeks Flukes and nematodes 

Fenbendazole (Panacur) 25-50 PO 1-3 days; repeat in 10-14 Leukopenia at higher doses 
days 

Levamisole (Levasol) 5-10 SQ or intracoelomic Every 14 days for two Nematodes 
treatments 

Metronidazole (Flagyl) 100 PO Every 14 days for three Protozoa 
treatments 

Paromomycin (Humatin) 35-100 PO Every 24 hours for up to 4 Amebae and cryptosporidia 
weeks 

Permethrin (Provent-a-mite) 1 second/ Topical spray Axillary and inguinal Immediate kill of ticks 


square foot 


Rinse aquatic turtles before placing in 
water 

Approved for use by USDA for 
imported chelonians 


regions 1-5 seconds 


Praziquantel (Droncit) 8 or SQ, IM, or PO 


25 TID for 1 day 


For tapeworms and flukes 
Sprirorchidiasis in sea turtles 


Repeat in 2 weeks 


Sulfadimethoxine (Sulmet) 90 once, then 45 PO 


Every 24 hours for 5-7 Coccidia 


days 


Toltrazuril (Baycox) 15 PO 


For intranuclear coccidia, not available 
in the United States 


Every 3 vveeks 


IM, Intramuscular, PO, by mouth; SQ, subcutaneous; USDA, U.S. Department of Agriculture. 


CONSIDERATIONS FOR FREE-RANGING 
CHELONIANS 


The long-term survival of many species of turtles and tortoises is 
precarious. Field studies and attempts at protection and enhance- 
ment of survival have been in progress for years and are increasing 
in number. Well-meaning attempts to bolster populations via trans- 
locations or introductions of animals have been undertaken in the 
past, with little attention paid to health considerations. The Interna- 
tional Union for the Conservation of Nature, Species Survival Com- 
mission Reintroduction Specialist Group and the Veterinary Advisory 
Group have specific guidelines for the quarantine and health assess- 
ment of individuals before their release into the wild. For the safety 
of recipient populations, any animals bred or reared in captivity and 
intended for release should be raised in strict quarantine away from 
other animals. In addition, providing health screening for free- 
ranging populations is recommended to establish baseline levels of 
individual health parameters and group exposure to diseases and 
chemical contaminants and to assess reproductive and nutritional 
status. Longitudinal studies through such efforts may provide an 
indication of the long-term health of a population independent 
of whether they are involved in reintroduction or translocation 
projects. 
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CHAPTER - 


Many of the 26 living crocodilian species are now endangered and 
are in need of both in situ and ex situ conservation programs. 
Because of this, crocodilians are more commonly being held in 
captive situations in conservation facilities, including zoos. Crocodil- 
ians are often long-lived display animals popular with zoo guests and 
require the skilled attention of veterinary and husbandry teams alike. 


TDeceased. 


ANATOMY AND PHYSIOLOGIC 
CONSIDERATIONS 

Respiratory System 

Crocodilians spend much of their time with their bodies entirely 
submerged with the exception of their eyes and nares. Each nostril 


acts as a water-proof valve that is closed with a muscular flap 
(composed of skeletal muscle) during submersion. In gharials 
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(Gavialis gangeticus), the nasal opening has developed into a large 
protuberance, which acts as a vocal resonator.*® Closing the nares 
may be obtunded by immobilizing agents that relax the muscles of 
the nostril allowing water into the respiratory tract.° An additional 
respiratory valve is formed by the soft palate and gular fold in croco- 
dilians.°° The elongated soft palate (palatine flap) presses down 
against the dorsal flap of the tongue forming the gular valve. This 
seal allows the crocodilian to open its mouth underwater without 
water rushing into the internal nares and the glottis. The gular valve 
has to be displaced to visualize the glottis for endotracheal intubation 
(Figure 5-1). The glottis has two folds, and in most crocodilians, the 
trachea bends to the left (not in alligators) before bifurcation to allow 
for large pieces of prey to be svvallovved.” ” The lungs are well devel- 
oped, and the vessel walls are thicker than in mammals to compen- 
sate for extra pressure during diving events. The primary respiratory 
muscle groups are the intercostal muscles and two transverse 
membranes, the postpulmonary membrane and the posthepatic 
membrane, both of which comprise primarily fibrous tissue with a 
muscular component. The postpulmonary membrane separates the 
lungs from the liver, and the posthepatic membrane is attached to a 
sheet of muscle that enters at the os pubis. These two membranes 
act as a diaphragm. They, along with other coelomic partitions, also 


FIGURE 5-1 View of the gular fold or valve of a juvenile Nile crocodile (Croco- 
dylus niloticus) (A, closed and C, open), and laryngeal view in an adult male Nile 
crocodile (B) in ventral recumbency after intubation during anesthetic proce- 
dure. Note the oral speculum wrapped with tape to secure the mouth open and 
the endotracheal tube in place. 


make endoscopic visualization of coelomic organs difficult (Figure 
5-2). Ventilation is achieved by expanding the intercostal muscles, 
and then membranes pull the liver in a caudal direction creating a 
negative pressure around the lungs. The lungs expand, and the air 
is drawn into the nostrils and into the lungs. The glottic valve is then 
closed, holding the air in the lungs. Once the glottic valve relaxes, 
air in the lungs is expelled passively via the elastic recoil of the 
intercostal muscles and the postpulmonary or posthepatic mem- 
branes and lung tissue.” It is important to note that if the thoracic 
cavity is compressed, the animal cannot breathe. This may take place 
during restraint, as it is common to see multiple people sitting on 
the back of a crocodilian. 


Cardiovascular System 


Crocodiles are the only reptiles that possess four-chambered 
hearts.'° "5 The heart functions like that of mammals; however, a 
number of anatomic differences allow for adaptation for an aquatic 
lifestyle. The three main differences are (1) a right aorta, which 
supplies the lungs, and a left aorta, which bypasses the lungs; (2) 
connective tissue extensions into the pulmonary outflow tract of 
the right ventricle, which restrict blood flow to the lungs (during 
diving) and allow a left to right shunt; and (3) the foramen of 
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FIGURE 5-2 The post-pulmonary membrane (a) separates the lungs 
from the liver and the post-hepatic membrane (b) is attached to a 
sheet of muscle which enters at the os pubis. These two membranes 
act as a diaphragm. 


Panizza, an opening between the left and right aortic arches allowing 
pressure equalization during diastole. All work together to ensure 
supply of blood to the coronary and cephalic circulation during a 
complete shutdown of the left side of the heart, which might occur 
during prolonged dives. 15 

The foramen of Panizza is a small opening located between the 
interventricular septum at the confluence of the left and right aortic 
arches.'° This opening acts as a pressure valve allowing blood to flow 
between the venous and arterial systems. This flow from high pres- 
sure to low pressure results in venous admixture. When the animal 
is breathing, left ventricular pressure is greater, allowing a small 
amount of oxygenated blood to flow through the foramen of Panizza 
into the venous blood supply. When the crocodilian submerges, air 
held in the lungs restricts blood flow through the pulmonary capil- 
lary beds, resulting in pulmonary hypertension which increases right 
ventricular and pulmonary arterial pressures. As a result, blood flows 
from right to left through the foramen of Panizza.'° Deoxygenated 
blood is diverted away from the lungs through the left aortic arch to 
organs that are not sensitive to low levels of oxygen (e.g., liver and 
stomach).” Oxygenated blood is diverted to oxygen-sensitive organs 
G.e., the heart and the brain). A combination of blood shunting and 
anaerobic metabolism may allow an inactive crocodilian to stay 
submerged for 5 to 6 hours.'* This right-to-left shunt through the 
foramen of Panizza may have clinical implications during anesthesia 
when the crocodilian does not have ventilatory support or is apneic. 
Shunting of blood away from the lungs will delay inhalant anesthetic 
uptake and removal. This emphasizes the importance of assisted 
ventilation during any immobilization event. 


Blood Volume 


Blood volume in crocodilians appears to be less than that in mammals, 
with a total blood volume of between 3.5% and 5.596. 151515 Thus, 
the maximum blood volume to remove from a crocodile will be 
about 0.03% to 0.05% by weight. 


Renal Portal System 


Crocodilians possess a renal portal system composed of the renal 
portal vein arising from the epigastric and external iliac veins. ” 


These vessels drain blood from the dorsal body wall, the cloaca, the 
sex organs, and the bladder. Drugs injected into the caudal half of 
the body, base of the tail and hindlimbs, may be cleared by the 
kidneys prior to reaching the systemic circulation. In other reptile 
species such as the red-eared slider, studies have showed a significant 
hepatic first-pass effect following hindlimb drug administration. ° A 
study comparing forelimb and hindlimb injections of buprenorphine 
in red-eared sliders resulted in a 70% decrease in the bioavailability 
of buprenorphine when injected in the hindlimb." Additionally, it 
appears that opioids are highly susceptible to significant hepatic 
extraction in reptiles.” Thus, care should be taken when administer- 
ing nephrotoxic drugs in the hindlimbs, and when possible, anes- 
thetic drugs should be injected in the forelimbs until further research 
is completed on crocodilian vascular anatomy. ” However, the author 
of this chapter routinely uses the tail base and the hindlimbs for 
intramuscular drug delivery for safety reasons, with no complica- 
tions and desired effects. 


Eyes 

Crocodilians have three eyelids: the upper, the lower, and the third 
eyelid, the nictitating membrane, which is translucent and protects 
the eye during diving. The eye may also be retracted into the socket 
via a skeletal muscle during feeding, and the retina has a tapedum 
lucidum to assist with night vision.'* 


Ears 


Bilateral ear openings, just caudal to the eyes on the top of the skull, 
are covered by a flap that closes during diving. Once past this flap, 
the tympanic membrane may be visualized; however, the opening is 
very small and it may difficult to open in an unanesthetized crocodil- 
ian. The eustachian tubes leave the inner ear and enter the pharynx 
just caudal of the internal nares.” Inner ear infections are not 
common but may result in neurologic clinical signs such as spinning 
or rolling. 

Skin 

The skin of crocodilians contains both scales and scutes but no sweat 
glands. The dorsal scutes over the head and back contain bony 
plates, called osteoderms, which make darting or injecting challeng- 
ing (Figure 5-3). Glandular secretions may occur from paired gular 
glands on the ventral mandible and some in the lips and cloaca in 
Nile crocodiles (Crocodylus niloticus), whereas Chinese alligators (Alli- 
gator sinensis) have rudimentary dorsal glands beneath the second to 
fifteenth rows of scales on the dorsum (Figure 5-4).'* 


Teeth 


Crocodilians possess pointed conical teeth that are replaced over a 
crocodilian’s lifetime. This may occur as fast as every 3 to 4 months 
in juvenile American alligators and starts from back to front in alter- 
nate teeth in young animals and reverses in older animals. It appears 
that a certain number of replacements are available, as very old 
crocodilians with no teeth have been reported.’ Additionally, the two 
first positioned mandibular incisors may grow long enough to pen- 
etrate the upper maxilla in front of the nostrils. This is a normal 
anatomic development and does not cause any problem. 


HUSBANDRY 


Crocodilians are poikilothermic, regulating their body temperatures 
by using external environmental heat sources. They also operate at 
a preferred optimal body temperature (POBT) similar to mammalian 
internal body temperatures. For captive crocodilians, a good range 
for environmental temperatures is 25°C to 35 ° C.> Given a selection 
of temperatures, including a hot spot, crocodilians are able to select 
the POBT for their metabolic needs. Seasonal temperature fluctua- 
tions may result in a decrease or cessation of food consumption 
during winter months. It is common for species such as American 
alligators (Alligator mississippiensis) and Nile crocodiles, in both the 
wild and outdoor holding in captivity (Florida), to stop feeding for 
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The skin of crocodilians contains both scales and scutes (A) vvith the dorsal scutes 
over the head and back containing bony plates called osteoderms (B). 


Paired gular gland on the ventral mandible (A) and some 
in the lips of Nile crocodiles (B). (From Lane TJ: Crocodilians. In Mader 
DR (ed): Reptile medicine and surgery. Philadelphia, PA, 1996, WB 
Saunders, pp. 78-94.) 


4 to 5 months during the winter months. Even crocodilians held 
indoors in heated enclosures may have reduced appetite during the 
winter months with decreasing temperatures and light cycles. 
Anorexia with temperatures in the POBT of 26°C to 32°C should 
be considered abnormal and warrants physical examination and 
diagnostic workup. 

Temperatures below and above POBT interfere with digestion and 
immune function. American alligators take twice as long to digest 
food at 20°C than 28°C, whereas smooth-sided caimans digest food 
three times faster at 30°C than 15” C.” Experimental infection of 
American alligators kept at 30°C demonstrated the greatest white 
blood cell (WBC) response to infection and survival of the infection, 
whereas alligators held above the POBT at 35°C succumbed to infec- 
tion in 3 weeks." These investigations indicate that it is important to 
routinely evaluate captive crocodilian enclosures for a proper ther- 
moenvironment to ensure good health. Thermoregulation has an 
important role during anesthetic events. Crocodilians under general 
anesthesia should be kept at temperatures near their POBT or around 
29.5” C.” Environmental temperatures below POBT decrease metab- 
olism and thereby prolong clearance of injectable drugs, which 
results in delayed recoveries of up to days in length. Induction may 
also be prolonged because of slowed absorption and circulation 
times. For example, large Nile crocodiles induced with the neuro- 
muscular blocker gallamine took twice as long to become recumbent 
at 14°C (40 minutes) than at 26°C (20 minutes).° 


Water quality parameters for crocodilians should rival water quality 
in any aquarium system used for fish. Mechanical, biologic, and 
chemical filtration should be employed with routine testing of water 
quality parameters. Crocodilians may be able to handle poor water 
conditions for short periods, but this should not be the standard of 
care. In any crocodilian enclosure, clean water in the POBT with a 
dry, basking area is critical. The ability to dry off reduces the amount 
of superficial pathogens, through desiccation, and will also aid in 
achieving POBT through thermoregulation. 

Most zoologic institutions have pairs or smaller groups of croco- 
dilians living in one enclosure. However, in the case of housing 
numerous individuals in one enclosure, dominance and intraspecies 
aggression must be considered. In some species such as Chinese 
alligators, individual housing may be needed because of tempera- 
ment issues. In group housing, a dominance order focusing on the 
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FIGURE 5-5 Exhibit pool for a large bachelor group (>20) Nile croco- 
diles at Disney’s Animal Kingdom. 


prime feeding and basking areas will be established. In these cases, 
additional enclosure furniture such as trees or rocks may be used to 
“break up” sight lines. When designing exhibit pools, a number of 
smaller outpockets is recommended while limiting narrow passages 
to assist in reducing territorial establishments and restricting the 
movements of other animals in the enclosure (Figure 5-5). 

Pica and consumption of rocks or other objects is a common 
behavior of crocodilians. In necropsies preformed on wild Nile 
crocodilians, gastroliths, small rocks, up to 5 centimeters (cm) in 
size, is a normal finding (Hofmyer M, personal communication, 
2011). Often, captive crocodiles may consume inappropriate objects 
to satisfy this behavior. Gastroliths are usually nonpathogenic and 
re often found during routine examination or during radiography. 
mall rocks do not cause medical issues and may be an incidental 
nding. Larger rocks less than 20 cm, pieces of PVC pipe, life 
upport system components, coins, and metal foreign bodies may 
e of greater concern and require removal. In the case of meta 
bjects such as coins, heavy metal toxicity, for example, zinc or lead 
toxicity, should be investigated. Removal of larger or irregular 
objects may be accomplished under general anesthesia with endos- 
copy. Small objects or coins may be removed simply via gastric 
lavage. Stomach lavage may be completed under general anesthesia, 
with the crocodilian intubated. In large crocodilians, a 1.5-meter 
(m) long, 7-cm diameter PVC pipe may be fashioned with an 
equine stomach tube taped to the PVC pipe. This set up may then 
be lubricated and inserted via the esophagus into the stomach. The 
pipe is typically palpable externally on the left side of the crocodile, 
and the smell coming out of the pipe should be acidic and typical 
of crocodilian ingesta. Flushing large amounts of water down the 
equine stomach tube with the animals head angled down may dis- 
place smaller stomach content by allowing it to drain out through 
the PVC pipe. In a second technique, a homemade scoop with a 
long handle may be inserted into the stomach and used to scoop 
out stomach contents. 
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NUTRITION 


In the wild, crocodilians are opportunistic carnivorous feeders, 
ranging from juveniles consuming small invertebrates and fish to 
large adults eating whole ruminants. In captivity, diets often consist 
of small to medium vertebrates and sometimes larger prey items. 
Prey items should be of high quality and not decomposed and are 
usually defrosted prior to feeding. Defrosting may be accomplished 
by placing the frozen item in a fridge 24 hours prior to feeding, 
which allows the food item to thaw but does not allow bacterial 


colonization and decomposition to start. Alternatively, in the case of 
smaller prey items such as mice, the frozen animal may be placed in 
a bucket of warm to hot water and defrosted in less than 30 minutes 
and then fed to the crocodilians. This does not allow for decomposi- 
tion to set in and provides a warmed food item. 


Whole Prey 


Whole prey items (including organ tissue) from crickets to large 
vertebrates are the most common food source for crocodilians. 
Whole prey items are easy to manage, as they may be stored for 
months in a freezer. Frozen prey items should not be stored for 
longer than 3 months because of the nutritional breakdown of anti- 
oxidants such as vitamin E and other vitamins and minerals (Valdes 
E, personal communication, 2013). Many species of white fish (e.g., 
herring) have enteric thiaminase, which breaks down vitamin Bı. 
Thiaminase is not inactivated by freezing and thus continues to 
break down vitamin B in frozen fish. The longer the fish is frozen, 
the less vitamin B is available, which may result in hypovitaminosis 
B that leads to immune suppression and neurologic disease. Croco- 
dilians fed a fish diet (caimans and gharials) may need to be supple- 
mented with vitamins or other whole prey items, and frozen fish 
stocks should be rotated on a monthly schedule to reduce the 
buildup of thiaminase in frozen fish. Supplements such as calcium 
and mineral powders used to dust insects prior to feeding should 
be stored in a freezer. Refrigeration or freezing provides a more 
stable environment; however, supplements should be kept for no 
longer than 6 months. Studies have shown that storage of supple- 
ments in environments with fluctuating temperatures results in a 
fast degeneration of vitamins and minerals (Valdes E, personal com- 
munication, 2013). 


Prepared Food Items 


Prey items that have been skinned or have had the organ tissue 
removed are not considered whole prey items. In some institutions, 
feeding nutria (Myocastor coypu) that were skinned and the organs 
removed resulted in clinical signs of tooth loss, mandibular swelling, 
and reduced tooth replacement. Hypovitaminosis A and E, as wel 
as high whole blood lead levels from lead shot found in the carcasses 
of the nutria, were noted in these reports. Crocodilians recovered 
with proper diet (pelleted and commercial meat product) and treat- 
ments with vitamin E and A supplements (retinyl palmitate and 
alpha-tocopherol (Heard D, personal communication, 2011). 


Commercial Pelleted Diet 


Alligator farms have been feeding pelleted diets for many years and 
zoos may offer similar diets as well. Pelleted diets are accepted by 
most species of crocodilians with reports of gharials being the excep- 
ion. When feeding pelleted diets, it is easy to overfeed and cause 
obesity. Pelleted diets are concentrated nutritionally because of low 
water content. Whole prey items contain about one third of the 
caloric density (per kilogram, of food based on a dry-matter basis 
DMB]) compared with a pelleted diet. For example, if a crocodilian 
is normally fed a diet of whole prey items (i.e., 9 kg per week), the 
animal would only need to be fed one third of 9 kg (3 kg of pellets) 
a week to achieve the same caloric intake. If the same weight amount 
in pellets were fed as whole prey, the crocodilians would be receiving 
a 200% increase in diet, which would result in obesity (Valdes E, 
personal communication, 2013). 

Feeding guidelines may be highly variable and influenced by 
such factors as species, nutritional ecology, individual health status, 
nutritional goals (growth, maintenance, or weight loss), training 
plans, and environmental temperatures. As a general guideline for 
adult crocodilians, at mean feeding temperatures of 26°C to 37°C, 
the chapter author recommends feeding at a rate of 3.25 kilocalo- 
ries per kilogram (kcal/kg) body weight (BW) (i.e., 600-1000 kcal/ 
day for an adult Nile or American crocodile) providing protein at 
60% to 65% on a DMB with energy at 5.5 to 5.82 kcal/g diet DMB, 
calcium at 1.93% to 2.4% DMB, and phosphorus at 1.39% to 
1.92% DMB. An example diet for a monthly schedule with one diet 


= 
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item per week would include chicken (bones, skin, and no feath- 
ers), whole quail, crocodilian biscuit or pellet, whole tilapia, whole 
rabbits, whole rats, and herring. Juvenile diets are similar in com- 
position (protein at 50% DMB, energy 6 to 6.1 kcal/g diet DMB, 
calcium at 1.38% to 2.4% DMB, and phosphorus at 1.28% to 
1.38% DMB) but offer higher feeding rates at 8% BW per week 
(197 kcal/week, 840 kcal/month, average 28 kcal/day) or 19.3 kcal/ 
kg BW with amount fed reevaluated frequently on the basis of the 
body condition score (BCS) and growth goals. Juvenile diets may 
also include smaller items such as prawns, lake smelt, mouse pinky 
or fuzzy, aquatic gel diets, insects (crickets or mealworms dusted 
with mineral supplements), and trout pellets (Valdes E, personal 
communication, 2013). 


INFECTIOUS AND NONINFECTIOUS DISEASES 


Crocodilians may be susceptible to a variety of bacterial, viral, para- 
sitic, and fungal diseases; however, captive crocodilians held in zoo- 
logic institutions appear to have minimal infectious disease if held 
in appropriate social and environmental settings. Table 5-1 provides 
an overview of common infectious diseases in captive and wild 
crocodilian species. 17711 

Noninfectious diseases related to nutritional issues appear to be 
more common in captive settings but are slovvly becoming less 
evident with the development of nutritionally balanced commercial 
pelleted diets. Trauma is the most common noninfectious condition 
recently seen in institutions holding larger groups in an exhibit situ- 
ation. Benefit and risk assessments are recommend for surgical inter- 
vention versus conservative medical care (empirical antibiotics and 
analgesics) and involve open dialogue between medical and hus- 
bandry team members. Factors in this risk assessment should include 
individual health status, loss of function of affected site of trauma, 
damage or exposure of vital structures at site, active blood loss, or 
all of these factors. 


TABLE 5-1 


Other anecdotal reports of noninfectious diseases include gastric 
lymphoma in an adult male Nile crocodile (Terrell S, personal com- 
munication, 2013), although other neoplasms are likely. Gastric 
foreign bodies and gastrointestinal ileus outside of POBT should be 
a concern as well and have been discussed earlier in this chapter. 


PREVENTIVE MEDICINE 


As with all captive zoologic species, crocodilians should have a pre- 
ventive health program. Most zoologic institutions may have only a 
few crocodilians with relatively few health problems, but this should 
not preclude having wellness programs similar to those for other 
taxa. Routine examinations may not be indicated on an annual basis, 
but baseline physical examination and blood work performed on a 
normal individual may prove advantageous when medical issues 
arise. With the development of behavioral husbandry techniques, 
routine examinations pose limited risk and stress to the crocodilian 
and to the veterinary and husbandry teams, making them a more 
viable option. Once training programs are developed as a regular 
husbandry practice, crocodilians will move into an examination crate 
on command. The entire process becomes simple for husbandry staff 
and the animals, reduces risks, and enhances the benefits of routine 
wellness examinations. Suggestions for preventive health programs 
are noted below. 

For juvenile crocodilians, examinations are recommended annu- 
ally for the first 3 to 4 years under physical restraint. This should 
include physical examination, transponder placement, weighing, 
and blood collection for a minimum database of complete blood cell 
count (CBC) and serum or plasma chemistry. If volume permits, 
serum trace minerals, fatty acids profile, and eastern equine encepha- 
litis (EEE) and West Nile virus (WNV) serum or plasma titers (if 
animals are held outside) should be considered. Radiography should 
be considered and include the whole body to evaluate the skeleton 
for skeletal issues and the stomach for foreign bodies. 


Disease 


Etiology Epizootiology Signs Diagnosis Management 
BACTERIAL DISEASE 
Salmonella Salmonella Universal disease in Hatchling enteritis and Culture and Hatchlings: treat on the 
enteritidus and farms and zoologic septicemia histopathology basis of culture 
S. typhimurium institutions Adult carrier state Adult carriers: monitor 
(many additional and advise staff 
serovars) 
Mycoplasma M. alligatoris, M. Primarily in farming Polyarthritis, Mycoplasma culture Screen with commercial 
drocodyli operations or other pneumonia, and or PCR from ELISA test 
high density fatalities synovial fluid, lung Treatment with 
populations tissue, and feces tetracyclines not 
100% efficacious 
Chlamydia Chlamydia sp., Hatchling disease in Two forms: Swab or culture of Treatment with 
similar to C. farming operations, blepharoconjunctivitis eye and histology of tetracycline (1 g per 
psittaci associated with and acute hepatitis liver 1 kg of dry feed) 


Dermatophilosis Dermatophilus sp. 


adenovirus hepatitis 
infections 


Filamentous 
environmental 
pathogen, found in 
poor sanitary 
conditions 


Brovvn discoloration of 
ventral scutes 


Ventral lesions vvith 


cytology or histology 


or culture 


Treatment with 


tetracycline (1 g per 

1 kg of dry feed), or 
topical copper sulfate, 
hygienic conditions 


VIRAL DISEASE 


Pox virus Parapox sp. 


Juvenile crocodilians 
with skin lesions 


White to brown crust 
in oral cavity and 
ventral scutes 


Histology with 
Bollinger bodies and 
Borrel bodies 


Self-limiting, surgical 
removal of any large 
lesions 
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TABLE 5-1 

Disease Etiology Epizootiology Signs Diagnosis Management 

Adenoviral Adenovirus sp. Hatchlings under 5 Hepatitis Virus may be found in No treatment, 
hepatitis months of age, liver, lung, pancreas, supportive care for 


vertical and horizontal 
transmission 


and intestines 


secondary bacterial 
infections 


Eastern equine EEE Titers in healthy No clinical signs Winter reservoir for Monitor titers for spikes 
encephalitis crocodilians, typically the virus in EEE 
mosquito vector 
West Nile virus WNV Titers in wild and No clinical signs, Single titers do not Monitor titers 


captive crocodilians 
Mosquito vector and 

horizontal 

transmission 


neurologic disease, 
and lymphohistiocytic 
proliferative 
syndrome in farmed 
crocodilians 


have a relationship 
to clinical disease 


Does not cause 
mortalities 


FUNGAL DISEASE 
Numerous species 
including 
Mucor sp., 
Aspergillus sp., 
Fusarium sp., 


Cladosporium sp. 


Dermatitis, gastric, oral, 
and respiratory 
mycosis 


Related to poor 
sanitation and 
environmental 
conditions 


Culture and 
histopathology 


Sanitary conditions, 
topical and systemic 
antifungal treatment 

Poor prognosis for 
systemic mycosis 


PARASITIC DISEASE 
Coccidiosis Eimeria and 
Isospora 
Many are species 
specific 


Fecal oral transmission, 
morbidity is variable, 
often seen in farming 
conditions 


Intestinal coccidiosis 
with secondary 
bacterial infection, 
may result in 
intestinal blockage 


Direct saline fecal 
examination or 
identification 

Histopathology 


Screen incoming 
crocodilians 

Treat with sulfa 
derivative drugs (i.e., 
sulfachloropyrazine, 
sulfadiazine, and 
toltarazuril; Hutz 188) 


Hepatozoonosis Hemogregarines 


Blood parasites 
transmitted by 
arthropods 


Asexual schizonts may 
be found in the liver 
while gametes found 
in the blood 

Sexual reproduction 
takes place in the 


Blood smears 

Usually none 
pathogenic unless 
immune 
suppression or 
chronic disease is 


Impossible to control in 
outdoor setting 


arthropod present 
Ascarids Over 40 species Intermediate host Usually no clinical Fecal examination Pelleted diet and indoor 
identified involved signs, stomach housing eliminate 
ulcers, mucosal ascarids 
lesions of Fenbendazole 
gastrointestinal tract successful 
Freezing food for 72 
hours may eliminate 
larvae 
Trematodes Over 80 species Intermediate host Limited pathology with Direct visualization of Usually not treated in 
identified required the exception of parasite both farming conditions 
Internal (digenetic) and concurrent infection antemortem and due to limited 
external species with other diseases postmortem pathology. Reduce 
feeding fresh water 
fish from the same 
habitat 
Pentastomes Sebekia sp. Intermediate host May cause morbidity or Eggs may be seen in Endoscopic removal 
Alofia sp. Inhabit the upper mortality in young feces 
Liperia sp. respiratory tract and crocodilians Direct examination via 


lungs 

Some species of 
pentastomides are 
zoonotic (Armillifer 
sp. in snakes) 


Secondary infections at 
attachment sites 


endoscopy 


From Jacobson ER: Immobilization, blood sampling, necropsy techniques, and diseases of crocodilians: A review. J Zoo Anim Med 15:38, 1984; Klenk 
K, Snow J, Morgan K, et al: Alligators as West Nile virus amplifiers. Emerg Infect Dis [serial on the Internet], December 2004. Available at http:// 
wwwnc.cdc.gov/eid/article/10/12/04-0264.htm. Accessed; Lane TJ: Crocodilians. In Mader DR (ed): Reptile medicine and surgery. Philadelphia, PA, 1996, 


WB Saunders, pp. 78-94. 
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Adult Crocodilian 


Examinations are recommended every 2 to 3 years, with an estab- 
lished behavioral husbandry training program. This should include 
physical examination, transponder confirmation, weighing, blood 
collection for CBC, serum or plasma chemistry, trace minerals, fatty 
acids profile, EEE and VVNV titers, whole blood lead and plasma or 
serum zinc serum levels. Radiography of the stomach may be helpful 
if a history of eating foreign bodies exists. 


BEHAVIORAL CONDITIONING 


Since the early 1990s, a significant increase has occurred in the use 
of operant conditioning techniques to train animals for husbandry 
purposes. As with other taxa, training techniques may easily facilitate 
basic husbandry and medical management of crocodilians with great 
success.'? Crocodilians may be trained to voluntarily enter a crate 
and accept various veterinary procedures such as ultrasonography, 
radiography, blood collection, weighing, physical examinations, and 
medication administration. This is especially relevant when dealing 
with larger, potentially dangerous crocodilians. 

To create a well thought out behavioral plan for your crocodilian, 
many facilities use the “SPIDER” framework taught in several courses 
given by the American Zoo and Aquarium Association (AZA). The 
“SPIDER” framework includes setting goals (S), planning (P), imple- 
mentation (I), documenting (D), evaluating (E), and readjusting(R). 
More information on this process may be found at www.animal 
training.org. This process may be implemented at most institutions 
with an appropriately sized crate and a training plan. Most crocodil- 
ians may be trained in a few weeks to enter a crate and accept minor 
veterinary procedures (i.e., physical examination and blood collec- 
tion). Crate training also facilitates establishing routine weighing, 
animal identification (ID) with transponder placement and identifi- 
cation, and transportation without immobilization or sedation. At 
Disneys Animal Kingdom, a bachelor group of 26 adult Nile croco- 
diles is managed with a crate training system. The crocodiles have 
become accustomed to the crate as a part of their husbandry process 
and often line up to enter the crate when the training cues com- 
mence. Routine physical examinations with weighing and blood 
sampling are possible on all 26 crocodilians within a week. Injured 
crocodiles with conspecific trauma have been motivated enough to 
shift into the crate for radiography and medical treatment within 
hours of observation of the trauma. The crate may also be used for 
inducing general anesthesia through intravenous (IV) or intramus- 
cular (IM) injection. Behavioral modification has changed the way 
crocodiles are managed in captivity and may be implemented by any 
individual or organization with little expense. 


ANESTHESIA AND RESTRAINT 
Restraint Techniques 


All crocodilians are capable of inflicting serious damage by ether 
biting or lashing out with their strong, muscular tails. For this 
reason, a number of restraint techniques have been developed for 
wild as well as captive crocodilians.* With the development of 
behavioral conditioning, the need for physical restraint is greatly 
reduced, and a safer environment is ensured for both the handler 
and the crocodilian. The disadvantage of prolonged physical restraint 
and struggling is the development of marked lactic acidemia with 
pH levels dropping to 6.6 to 6.8 (normal range 7.2 + 0.2). Croco- 
dilians, like other reptiles, take a prolonged period of time to recover 
from lactic acidemia, and this issue has been implicated in 
postrestraint fatalities.”” Captured crocodilians may become uncon- 
scious and drown if not allowed to rest after prolonged physical 
restraint events.” When possible, for prolonged procedures, behav- 
ioral conditioning or anesthesia should be the choice versus physical 
restraint. 

When handing an anesthetized crocodilian, the eyes should be 
covered with a damp towel, and the jaw should be taped shut, or 


taped open with an oral speculum, to facilitate intubation and ven- 
tilation under anesthesia (Figure 5-6A). Care must be taken to avoid 
taping the nostrils shut and to avoid pulling on the legs. Large croco- 
dilians may weigh up to 500 kg, and pulling on legs to move them 
or lift them has resulted in fractures, luxations, or both.” To lift a 
crocodilian onto a tarp or out of shallow water, use of 1.5-m strips 
of flat, commercial grade crane straps should be placed to use as 
slings under the chest and hindlimbs. By using slings, the animals 
may easily be picked up and moved without pulling their legs.”” 
With large crocodilians, an aluminum extension ladder may be 
placed under the crocodilian to support the entire body and the tail. 
Broom handles may be placed through the ladder and used as 
handles to lift and move the animals (see Figure 5-6B). 


Injection Sites and Venous Access 


Obtaining IV access has several goals: to obtain diagnostic samples, 
to administer therapeutic or immobilizing agents, and to establish 
venous access for emergency or supportive care. A number of access 
points are available in restrained crocodilians (Table 5-2; Figure 5-7). 


FIGURE 5-6 Suggested equipment for anesthesia of a Nile crocodile 
(Crocodylus niloticus), including damp towel as eye cover, jaw taped 
open with an oral speculum to facilitate intubation and ventilation 
under anesthesia (A), and aluminum extension ladder under the croco- 
dilian to support the entire body and tail with broom handles through 
the ladder as handles to lift and move the animal (B). 
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If IV access cannot be obtained for anesthesia, the alternative is an 
IM injection. The goal in anesthetic drug delivery is to get close 
enough to the animal to administer the anesthetic safely; however, 
with large crocodilians, this may be a challenge. Darting or pole 
syringe techniques may be a satisfactory method of delivering inject- 
able antibiotics or immobilizing agents to crocodilians; however, 
their use has several major disadvantages in these animals: (1) It is 
difficult to get an accurate shot while the crocodilian is in the water; 
(2) it is difficult to determine if the dart has fully discharged; (3) the 
osteoderms covering most of the dorsal surfaces of crocodilians may 
deflect the dart; and (4) once the animal is darted, if unrestrained, 
it may submerge, become immobilized, and drown. Darting should 
only be attempted in a captive in controlled situation G.e., a dry 
enclosure). In field situations, traps and snares are commonly used 
to capture crocodilians.°*’'’* The pole syringe is an option that may 
allow for injections of unrestrained crocodilians in a shallow pool or 
partially restrained crocodilians in a net, snare, or cage trap. The 
main disadvantage of a pole syringe is that the injector must be 
within 2 to 2.5 m of the crocodilian, and injection volumes are 
limited to 10 to 15 milliliters (mL). If the anesthetic agent is not 
administered fast enough, the pole syringe may be damaged, and a 
partial injection may result.”””17” Of course, injection by hand 
syringe is the most controlled route of administration and, with 
behavioral conditioning, is more popular than the dart and pole 
syringe techniques. 


Anesthetic Protocols 


In formulating an anesthetic protocol for a crocodilian, consideration 
should be given to species, individual health status, procedural goals, 
and immobilizing conditions, including enclosure size, ambient 
temperature, and staffing. In general, the anesthesia plan generally 


TABLE 5-2 


includes induction with an injection of an anesthetic agent, IV or 

IM, intubation, and positive pressure ventilation with or without an 

inhalant gas anesthesia, maintenance with a continuous rate infusion 

or total IV anesthesia, or all of these. Below are two of the chapter 
authors most common techniques for anesthetizing crocodilians; 
however, these drugs and doses have not been tested on all crocodil- 
ian species, and some species differences are to be expected. Other 
anesthetic regimens have been reported in the primary and second- 

ary literature, and some are included in Table 5-3.” 

1. Adult crocodilian IM induction regimen: Medetomidine 100 micro- 
gram per kilogram (mcg/kg) and ketamine 10 mg/kg IM, intuba- 
tion, and isoflurane at 2% to 3% at 1 to 2 L/min via an endotracheal 
tube (circle system), with forced ventilation at 3 to 4 breaths per 
minute should be used. While isoflurane reaches desired state of 
anesthesia, medetomidine may be reversed with atipamezole at 
five times the medetomidine dose. 

2. Juvenile crocodilian (manually restrained) or adult crocodilian (behav- 
ioral conditioned or restrained) IV induction regimen: Propofol 3 to 
5 mg/kg IV into the caudal or ventral tail vein, with a lateral or 
ventral approach. An IV extension set is recommended as part of 
the set up to maintain access through the entire procedure. Addi- 
tional propofol may have to be titrated to effect. Maintenance with 
isoflurane at 2% to 3% at 300 to 500 mL/kg/min via an endotra- 
cheal tube (non-rebreathing system) with positive pressure venti- 
lation at 3 to 4 breaths per minute. 
Physiologic monitoring of crocodilians under anesthesia may 

include the use of the stethoscope, pulse oximeter, Doppler blood 

flow transducer, electrocardiography (ECG), ultrasonography, and 
arterial blood gas (ABG) analysis. Anesthetic depth is evaluated by 
using the withdrawal reflex of limbs, increasing or decreasing cardiac 
rates, righting response, and bite and corneal reflexes.”””””” ECG 


Advantage 


Disadvantage 


Comments 


INTRAMUSCULAR INJECTION 
Base of tail, lateral aspect, 
caudal to hind leg for 


Large muscle group; no underlying 
organs; away from the head 


Possible first pass through liver 
and kidneys 


Anesthetic injections in this location 
are common and successful 


7-10 scales 
Hindlimb Smaller scales than tail; injection Smaller area to inject with a dart Difficult to dart legs; easy for hand 
site is away from the head or pole syringe; possible first injection 
pass through liver and kidneys 
Forelimb Small scales; no chance of first Small area to inject with dart or Good for hand injection once 
pass through liver and kidneys pole syringe; close to the head anesthetized 
INTRAVENOUS INJECTION 


Internal jugular (occipital 
sinus) 


Dorsal to the vertebral column; 
best accessed by flexing the 
head down and inserting needle 
between the atlas and axis 


Becomes difficult in larger 
crocodilians 
Possible to pith the spinal cord 


Injection of propofol in this area has 
resulted in mortalities 


Ventral coccygeal vein 


Ventral midline of the tail 
Vein lies just ventral to the spine 


Becomes difficult in large 
crocodilians as the needle must 
be below the level of the body 

Possible first pass through liver 
and kidneys 


Common site for blood draw and 
injection of intravenous drugs and 
anesthetic agents 


Lateral coccygeal vein 


Vein lies just ventral to the lateral 
aspect of the spinous process 
of the vertebrae 


More convenient to utilize this 
intravenous site in larger 
crocodilians, as the tail can sit 
in normal position for the 
procedure 


Insert needle at 45 degrees beneath 
the lateral aspect of the spinous 
process 

Common site for blood draw and 
injection of intravenous drugs and 
anesthetic agents 
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FIGURE 5-7 Intravenous blood collection and drug administration accessing the coccygeal vein later- 


ally or ventrally (A and B) and the occipital sinus (internal jugular) dorsally (C). 


and reference values have been described for the American alligator.° 
ECG leads are attached to 2.5-cm needles passed through the skin 
in a three-of-four lead format. Although pulse oximetry may be used 
o assess heart rate, it does not appear to accurately calculate oxygen 
saturation in reptiles. / Crocodilian skin thickness and pigmentation 
may further hamper measurement with the transmission probe, 
whereas a reflectance probe in the cloaca may improve the signal 
achieved. ABG measurements in crocodilians may be difficult to 
interpret because numerous variables such as temperature, feeding, 
sample site (arterial, venous, or a combination of both) may influ- 
ence the results. American alligators have the ability to reduce the 
affinity of hemoglobin to reduce blood oxygen affinity at certain pH 
evels. This allows for more oxygen to be released from hemoglobin 
under certain conditions such as acidemia, increasing the total 
amount of oxygen available to tissues.°°?!”* 

The Doppler blood flow transducer appears to be a very reliable 
method of obtaining heart rate.” ” The probe is placed over the heart 
or a large blood vessel such as the ventral coccygeal, brachial, or 
femoral artery. Blood flow in the optic arteries may be detected by 
placing the probe against the globe, with the eye lid or the third eye 
lid closed. Alternatively, a dorsally directed probe placed in the 
cloaca may detect arterial blood flow. In the case of large crocodilians 
(>100 kg), ultrasonography may be used to visualize pulses or 
cardiac contractions. 


PHYSIOLOGIC REFERENCE RANGES 


Obtaining heart and respiratory rates may be challenging in awake 
crocodilians. In one study, juvenile American alligators and smooth- 
sided caimans (Caiman sclerops) were implanted with monitoring 
equipment and isolated from human contact for 12 to 20 hours 
before measuring cardiac and respiratory rates. Normal respiratory 
and heart rates at 22°C were 0.6 and 11.6 beats per minute (beats/ 
min), and 1.6 and 14.2 beats/min, respectively. Following visual 
contact with humans, both heart and respiratory rates doubled to 
30 beats/min and 6 breaths per minute. Consequently, most 
restrained crocodilians are likely to be tachycardic and tachypneic. 
In general, heart and respiratory rates vary inversely with the size of 
the animal but are affected by environmental temperatures as well. 
In a study of Nile crocodiles, heart rates were observed to increase 
as temperatures increased from 1 to 8 beats/min at 10°C up to 24 
to 40 beats/min at 28°C. Prolonged exposure to high temperatures 
above 40°C will likely cause irreversible cardiac damage. Heart rates 
as high as 55 beats/min at 29°C have been recorded in Nile croco- 
diles caught in traps.” 


ANALGESIA 


Information on the use of analgesics in reptiles, specifically crocodil- 
ians, is growing, and multiple analgesics are now available for use 
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TABLE 5-3 

Drug Dosage Species Remarks 

ANALGESIA 

Morphine 0.8 mg/kg IM C. porosus 

Meperidine 1-2 mg/kg IM C. porosus 

Meloxicam 0.1-0.2 mg/kg IM or PO SID for 5-7 days Most species 

Tramadol 5 mg/kg PO q3-5 days Most species May cause sedation 

Ketoprofen 2 mg/kg IM q24-48h Most species 

Butorphanol 0.2-0.4 mg/kg IM q24h Most species May cause sedation but not analgesia 

ANESTHESIA 

Ketamine and medetomidine 10 mg/kg and 0.1 mg/kg IM Most species 

Ketamine and xylazine 7.5-10 mg/kg nd 1-2 mg/kg IM Most species 

Tiletamine or zolazepam 5-15 mg/kg IM Most species May result in prolonged recovery 

Propofol 3-10 mg/kg IV Most species Titrate from low dose to effect for 
intubation; may result in transient apnea 

Midazolam 0.5 mg/kg IM Most species Usually used in combination with other 
anesthetic drugs 

ANTAGONISTS 

Atipamezole Five times dose of medetomidine IM Most species 

Yohimbine 0.1 mg/kg IM Most species 

Flumazenil 10-20 times dose of benzodiazepine IV or IM Most species 

Naltrexone 100 times the dose of opioid Most species 

Neostigmine 0.03-0.06 mg/kg IM C. niloticus 

INHALANTS 

Isoflurane 1-5% Most species 296-396 for maintenance 

Sevoflurane 1-596 Most species 596-696 for maintenance 

Halothane 1-596 Most species Not recommended because of 
hepatotoxicity or cardiotoxicity 

PARALYTICS 

Gallamine 1-2 mg/kg IM C. niloticus No analgesic effects 


Succinylcholine 0.33-5 mg/kg IM 


Most species No analgesic effects 


From references 2, 7, 8, 9, 13, 22, 23, and 25. 


in crocodilians (see Table 5-3).7789:19222925 The use of butorphanol 
as an analgesic in reptiles has been vvidespread: hovvever, multiple 
studies on the use of butorphanol in other reptilian species such as 
green iguanas and red-eared sliders have revealed that butorphanol 
at higher doses may result in sedation but does not itself cause 
analgesia.””177 Until further analgesic trials with butorphanol in 
crocodilians are completed, the author of this chapter does not 
advocate its use as an analgesic. 

The use of opioids such as morphine at (0.8 mg/kg) and meperi- 
dine (2 mg/kg) in juvenile salt water crocodiles has showed evidence 
of analgesia as measured with thermal antinociception.” Higher doses 
of morphine (1.5 and 6.5 mg/kg IM) in red-eared sliders resulted in 
analgesia but also long-lasting respiratory depression.””” Using the 
same methodology, morphine at 10 and 20 mg/kg IM in bearded 
dragons resulted in analgesia, which was, however, delayed until 8 
hours after administration. Other opioid-based drugs such as trama- 
dol, 5 mg/kg orally (PO) every 3 to 5 days, induces analgesia via both 
opioid and nonopioid pathways in red-eared sliders.”” This author 
has used tramadol, at 5 mg/kg PO, in numerous reptilian species, 
including Nile crocodiles, with good anecdotal success; however, in 
some reptiles, a dose of 5 mg/kg every 3 days resulted in sedation. 

Use of nonsteroidal anti-inflammatories such as meloxicam 
(0.2 mg/kg, PO, IM, IV) has been reported in reptiles, and IV or PO 
administration resulted in the same bioavailability’? This author 
has used meloxicam (0.1 mg/kg orally once a day for 14 days) in 
two adult Nile crocodiles with traumatic foot amputations. On the 


day following treatment, both crocodiles showed marked improve- 
ment in ambulation, with no evidence of lameness. A single dose of 
ketoprofen at 2 mg/kg, IV and IM, in green iguanas demonstrated 
that the terminal half-life was greater than that of dogs, suggesting 
that dosing intervals for ketoprofen in reptiles should be longer than 
in mammals (i.e., <24 hours). 
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CHAPTER Ü 


GENERAL BIOLOGY 
Taxonomy and Status 


The tuatara is the only extant member of the order Sphenodontia. 
Previously found throughout New Zealand, tuatara are now restricted 
to approximately 35 offshore islands.” Rats (Rattus norvegicus, R. 
rattus, R. exulans) are considered the primary threat as predators of 
tuatara eggs and juveniles and competitors for food.* A recent 


taxonomic review concluded that all populations comprised a single 
species, Sphenodon punctatus.” 


Anatomy and Physiology 


Superficially similar to lizards, tuatara have a number of anatomic 
and physiologic features that, collectively, place them in their own 
order: (1) unique dentition, ” (2) absence of an external auditory 
aperture,’ (3) absence of a male intromittant copulatory organ,”” (4) 
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abdominal ribs (gastralia) reinforced by uncinate processes, ”” (5) a 
parietal eye, and (6) activity at a low body temperature range 
between 2 and 22°C with maximal level of activity at 17°C.'*'" 


Growth and Development 


Nelson N. (personal communication, 2013) has gathered verifiable 
evidence of tuatara conservatively estimated to be 91 years old. Adult 
male weights vary between 400 and 1000 grams (g) with a snout— 
vent length (SVL) of 200 to 290 millimeters (mm), and females 
weigh 200 to 500 g with an SVL of 180 to 240 mm.’ 


Reproduction 


Sexual maturity occurs at 13 tol5 years of age.*’ Females reproduce, 
on average, once every four years,’ with mating occurring in late 
summer (January to March) and ovulation in April.’ Significant 
seasonal variation is seen in sex steroids in both sexes corresponding 
to courtship and mating behavior. Both sexes may engage in aggres- 
sive interactions during the breeding season, and severe biting may 
result in facial wounds, fractured mandibles, and detached tails.* 
Radiography in September to October provides a reasonable estimate 
of the proportion of gravid females with shelled eggs (Figure 6-1). 
Up to 19 soft-shelled eggs are laid 10 to 50 centimeters (cm) deep 
in sunny areas.° Depending on the temperature, incubation may take 
11 to 16 months," with predominantly females produced at 20°C 
and males at 23“C./” After hatching, remnants of the midventral yolk 
sac persist for a few days." 


SPECIAL HOUSING REQUIREMENTS 


Captive housing and husbandry have been well described else- 
where.'”'* Housing features critical to the good health of the tuatara 
are (1) a minimum of 5 square meters (m?) per adult animal," (2) 
porous soil substrate to allow for natural burrow construction and 
egg laying, (3) adequate insulation of artificial burrows to protect 
from excessive heat, cold, and moisture, (4) a variety of low-growing 
shrubs, rocks, hollow logs, and other cage furniture to provide visual 
screens between animals, refuges, shade, and opportunities for sun 
basking and exercise, (5) ambient temperature of 4°C to 15°C in 
winter and 10°C to 25°C in summer, with the animals being given 


FIGURE 6-1 Radiograph of a gravid tuatara. (Photo Courtesy of the 
Auckland Zoo.) 


a choice of thermal gradients, (6) relative humidity maintained 
within the range 85% to 95%,'"'* (7) basking opportunities providing 
100 to 250 microwatts per square centimeter (uw/cm2) of ultraviolet 
B (UVB) (290-315 nanometer [nm], lower exposure in winter, 
higher in summer) and warmth for two hours in the morning and 
in the afternoon (Gibson R, personal communication, 2013), and (8) 
open ponds to enable the animals to soak in shallow water. This 
frequently stimulates defecation and helps prevent dysecdysis in the 
annual molt. 


FEEDING 


Captive diets should mimic the wild diet as far as possible and 
include a variety of live invertebrates such as crickets, locusts, meal- 
worm larvae, beetles (Tenebrio sp.), moths, earthworms, snails, 
woodlice, and occasionally in summer, small bird eggs or newly 
hatched chicks. At the Auckland Zoo, invertebrates are dusted with 
a high-calctum multi-vitamin and mineral powder (Miner-All, 
Sticky-Tongue Farms, Sun City, CA). 


7,14,18 


RESTRAINT AND HANDLING 
Physical Restraint 


Unnecessary handling ol tuatara should be avoided as they are easily 
stressed. Where physical restraint is required, the animal is grasped 
around the neck, shoulders, and pelvis from above and held or 
placed on a solid surface. Alternatively, the animal may be supported 
on the forearm of the handler, who maintains a light grip on the 
animals neck (Figure 6-2). In general, the lighter the restraint, the 
ess inclined the animal will be to struggle. Autotomy may occur if 
he tail is held. A blindfold made from a nonadhesive stretch-fabric 
bandage may be applied and is particularly useful for radiography. 


Chemical Restraint 


Injectable induction agents used at the Auckland Zoo have included 
ketamine hydrochloride (Parnell Technologies Pty Ltd.), 70 milli- 
grams per kilogram (mg/kg), intravenously (IV), producing deep 
sedation but prolonged recovery time; medetomidine (Domitor, 
Pfizer Animal Health) 0.095 mg/kg combined with ketamine 
4.75 mg/kg, IV, also produced deep sedation but recovery time was 
shortened with the reversal agent atipamezole (Antisedan, Pfizer 
Animal Health) at 0.47 mg/kg, IV; alfaxalone (Alfaxan, Jurox NZ 
Ltd.) 4 to 9 mg/kg, intramuscularly (IM), resulted in prolonged 
recovery at the higher dose rate. The inhalant agents sevoflurane 
(SevoFlo, Abbott Laboratories) or isoflurane (Isoflurane-Vet, Merial 


FIGURE 6-2 Tuatara physical restraint. (Photo Courtesy of the Auck- 
land Zoo.) 
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NZ Ltd.) are used to achieve full anesthesia, initially administered 
via facemask and subsequently via an uncuffed endotracheal tube of 
2 to 3 millimeters (mm) in diameter attached to an Ayres T-piece 
circuit. These inhalants have also been effectively used without a 
prior injectable agent, in which case recovery time was reduced. 
Apnea during anesthesia is common and intermittent positive pres- 
sure ventilation (IPPV) at 2 to 12 breaths per minute (bpm) is gener- 
ally needed to establish and maintain a stable depth of anesthesia. 
Wells et al. (1990) recorded mean tidal volume of 60 milliliters (mL) 
or 11% of body volume in one 557-gram (g) male. During anesthe- 
sia, heart rates of 22 to 49 have been recorded by using a Doppler 
probe or stethoscope applied with lubricant over the heart located 
in the ventral midline between the thoracic limbs. Depth of anesthe- 
sia may be gauged by using the pedal withdrawal reflex.’ Regional 
analgesia using bupivacaine or lignocaine may be a useful adjunct 
for performance of minor surgical procedures. Meloxicam 0.1 to 
0.2 mg/kg orally (PO) once a day (SID) with or without butorphanol 
at 0.05 mg/kg, IM, SID are effective analgesics. 


SURGERY 


The general principles and approach to surgery in reptiles as 
described in Mader et al. (2006)"' are also applicable to the tuatara. 
Maximum body temperature during and following surgery should 
not exceed 25°C and suture removal should be delayed for 12 to 16 
vveeks. 


DISEASES 


The follovving is largely drawn from unpublished records from the 
New Zealand Department of Conservation’s native species mortality 
database (Huia) and the medical and necropsy records of the Auck- 
land Zoo. 


Mycoses 


Over a 20 year period 42 out of 74 (57%) tuatara at the Auckland 
Zoo were affected by dermatitis. In the majority of cases, this pre- 
sented as a very mild superficial brown discoloration of single or 
small clusters of scales, mostly on the ventral skin. Although the 
specific etiology has not been identified, the condition is frequently 
associated with periods of cool, wet weather and resolves when 
animals are provided with drier, less exposed environments and 
reated with topical antiseptic solutions. More severe cases range 
from multiple raised, exudative plaques or more extensive, necrotiz- 
ing ulcerative dermatitis occasionally progressing to fatal systemic 
mycoses. Skin biopsies have almost invariably demonstrated intral- 
esional fungi and mixed bacteria with associated mononuclear 
inflammatory cells. Fungal isolates from different cases have included 
Penicillium spp., Zygomycete-like organisms, and Chrysosporium spp. 
Systemic therapy, based on culture and sensitivity results, has 
included itraconazole or fluconazole at 5 mg/kg, PO, once a day 
(SID), ceftazidime at 20 mg/kg, IM, q72h, enrofloxacin 5 to 10 mg/ 
kg, subcutaneously (SQ) (diluted 1:3 v/v with 0.9% saline), q48h, 
and meloxicam 0.1 to 0.2 mg/kg, PO, SID. Terbinafine hydrochlo- 
ride (Lamisil Cream, Novartis Australasia Pty Ltd.) has been used 
opically in some cases. Treatment has been maintained for 1 to 4 
months. Avoiding prolonged exposure to extremes of cold and wet 
in winter and provision of adequate UVB exposure appear to be 
important preventive measures. 


Parasites 


Free-living tuatara are commonly hosts to ectoparasites and endo- 
parasites (including the host-specific tick Amblyomma sphenodonti, 
the hemoparasite Hepatozoon tuatarae,’ and the nematode Hatteri- 
anema hollandei [Heterakidae]),'* but no clinical impacts from these 
parasites have been recorded to date. In captive animals, heavy 
burdens of intestinal nematodes have been treated with oxfendazole 
(Panacur 100, MSD Animal Health) 50 mg/kg, PO, repeated three 
times at two-week intervals. 


Metabolic Conditions 


Hypocalcemia (0.69 millimoles per liter [mmol/L]) during winter in 
a gravid captive tuatara with signs of weakness and poor muscle tone 
has been described.'° This animal responded rapidly to parenteral 
calcium borogluconate. Juvenile tuatara, like other captive reptiles, are 
also prone to metabolic bone disease which may manifest with man- 
dibular, spinal, and limb deformities; folding fractures; and muscular 
weakness classically associated with this condition. It is readily pre- 
vented through appropriate diet and husbandry, as described above. 


Trauma 


Tail loss and other injuries are relatively common in captive and wild 
animals.’ Bite wounds, usually inflicted by males during the breeding 
season, may become infected and develop into localized abscesses 
requiring debridement, the use of Penrose drain, and systemic anti- 
microbial treatment based on culture sensitivities. Open wound 
management, following debridement, has included the topical appli- 
cation of DuoDerm paste (ConvaTec, E.R. Squibb & Sons) or a 
mixture of Intrasite gel (Smith & Nephew) and silver sulfadiazine 
(Flamizine, Smith & Nephew). Where dressings have been applied, 
the use of nanocrystalline silver-impregnated Acticoat (Smith & 

ephew) under an adhesive Hypafix dressing (Smith & Nephew) 
reinforced with tissue glue (Tissumend II SC, Veterinary Product 
Labs, Phoenix, AZ) has been particularly effective in maintaining a 
clean, moist, healing environment while allowing animals to remain 
in an enclosure with natural substrate. 
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BIOLOGY AND TAXONOMY 


The suborders Sauria/Lacertilia and Serpentes are found within the 
order Squamata, which contains between 6500 and 7000 species, 
depending on current taxonomic understanding. Approximately 
5500 of the Squamates are assigned to the suborder Sauria/Lacertilia 
and are commonly referred to as lizards. A number of clades exist 
within the suborder Sauria/Lacertilia, including Iguania, Gekkota, 
Scincomorpha, Anguimorpha, and Amphisbaenia. These clades are 
further broken down into families, of which the Iguanidae, Agami- 
dae, Varanidae, Scincidae, Chameleonidae, and Gekkonidae contain 
the vast number of species. The family Scincidae contains the largest 
number of species (approximately 20% of all lizard species), whereas 
other families such as the Helodermatidae contain only two species. 

Lizards are extremely successful reptiles and inhabit myriad habi- 
tats worldwide, ranging from desert to aquatic, temperate to tropical, 
fossorial to arboreal. Lizards have evolved to effectively take advan- 
tage of all these different habitats. The only continent on which 
lizards do not naturally occur is Antarctica. As would be expected 
with such a large and varied taxa, dramatic variations in anatomy, 
physiology, dietary strategy, and reproduction exist among species. 
Animals within the Sauria/Lacertilia range in size from the Komodo 
dragon (Varanus komodiensis), which may reach lengths over 3 meters 
(m) and weights exceeding 100 kilograms (kg) to some species such 
as the dwarf chameleons (Brookesia sp.) and geckos (Spaerodactylus 
sp.), which may not exceed 2 centimeters (cm) in length. 

Lizards are very popular as exhibit animals in zoos, aquaria, 
museums, and private collections. When properly managed, many 
lizard species are spectacular on display, hardy, and long-lived. Some 
species such as bearded dragons (Pogona vitticeps) and leopard 
geckos (Eublepharius macularis) have gained great popularity as pets 
and are propagated in large numbers to supply the pet trade. Rela- 
tively large amounts of information regarding the husbandry, repro- 
duction, and medical care of these common species is available and 
may be judiciously extrapolated for use with similar species. 


ANATOMY AND PHYSIOLOGY 


Much variation exists in the anatomy and physiology in the Sauria/ 
Lacertilia suborder; however, most lizards share a basic body form, 
and all others are variations on that theme. Most lizards have four 
well-developed legs and a tail. 

The dentition of most lizards is classified as either acrodont 
(agamids, chameleons) or pleurodont (iguanids). Acrodont teeth are 
fused to the biting edge of the mandibles and the maxillae. Pleur- 
odont teeth are attached to the periosteum on the medial surface of 
the mandibles and maxillae. Clinically, this is significant, as pleur- 
odont teeth will regenerate if lost or broken, whereas acrodont teeth 
will not.”° 

Some lizards such as monitors and tegus have long, forked 
tongues, which are very similar to those seen in snakes and used for 
tracking prey. True chameleons have very long tongues (over a full 
body length) with a sticky, fleshy tip that is used for capturing prey. 
The tongue is supported and propelled or retracted by specialized 
lingual muscles, the hyobranchial apparatus, and elastic collagen 
tissue. Most other lizards have fleshy, mobile tongues that are also 
used to prehend food and as chemosensory organs, but they are 
much less specialized than those in the taxa previously mentioned. 
In some species such as the common green iguana (Iguana iguana) 
the rostral portion of the tongue is dramatically different in color and 
appearance compared with the caudal portion, and the line of 
demarcation between the two regions is obvious, leading many clini- 
cians to assume the presence of pathology, when this is, in fact, 
normal anatomy. 

Renal anatomy varies according to species, and exact location 
may be very significant to the clinician. In iguanids and some other 
species, the kidneys are found dorsally within the pelvic canal. In 
the normal animal, they are not palpable except via digital examina- 
tion of the cloaca in a large enough specimen. In other species such 
as monitor lizards, the kidneys are found further cranial, well clear 
of the pelvic canal. Renal biopsies are relatively common procedures 
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in lizards, so it is important to have a general idea of where the 
kidneys are normally located.” 

Some lizard species have urinary bladders that communicate via 
a short, relatively wide urethra with the ventral aspect of the 
urodeum. The ureters deliver urine into the dorsolateral walls of the 
urodeum and do not connect directly to the urinary bladder when 
present. Many lizards (monitors, bearded dragons) do not possess 
urinary bladders and store urine in the colon, when necessary. 
Postrenal modification of urine in the bladder or the colon is pos- 
sible, and the bladder serves as an important fluid storage organ in 
species from arid regions. 

All lizards have three-chambered hearts and are capable of shunt- 
ing blood past the lungs to varying degrees. Much has been made 
of the clinical significance of the renal portal system, which allows 
for perfusion of the renal tubules when glomerular filtration is 
diminished, as might occur when the animal is conserving water. In 
he few studies that have been performed, administration of medica- 
ions in the caudal portion of the body and passage through the renal 
portal system do not seem to affect drug pharmacokinetics in a clini- 
cally significant manner. Despite this fact, many clinicians still pref- 
erentially administer drugs, especially potentially nephrotoxic drugs, 
into the cranial portion of the body. '° 
Some species (iguanas, geckos) are capable of tail autotomy, 
which is used as a predator avoidance strategy. Tails capable of 
autotomy reflexively fracture along specific planes and are cast with 
ittle to no hemorrhage. The tails will continue to wiggle vigorously 
after being cast, and ideally distract the predator, allowing the lizard 
o escape. The veterinary clinician should recognize which species 
are capable of casting their tails, as some will do so in response to 
even careful handling or simply to severe stress. Other lizard species 
have prehensile tails (chameleons, certain skinks), which aid in 
living an arboreal lifestyle >° 

For many years, the members of the family Helodermatidae were 
the only lizards identified as venomous. In recent years, venom and 
associated glands or delivery systems have been identified in a 
number of lizard species, including monitors and agamas. Most 
notable is the Komodo dragon, which historically was thought to 
incapacitate prey by inducing septic shock via transfer of oral bac- 
eria to bite wounds. It has been shown that it is a potent venom 
produced by the lizard, not bacterial toxins, that can dramatically 
impact blood pressure and hemostasis, incapacitating the prey fol- 
owing a bite. The venom delivery system in lizards differs from those 
in snakes in the location of the venom glands (along the mandible 
in heloderms) and the presence of many ducts that release venom at 
he base of teeth versus the single ducts and hypodermic-like fangs 
of snakes. |! 

The gastrointestinal (GI) tract is fairly simple in most species of 
izard. A simple stomach and relatively short, unconvoluted intesti- 
nal tract are commonly found. Some herbivorous species such as 
green iguanas are hind-gut fermenters and have well-developed 
cecae and large sacculated colons.” 


SPECIAL HOUSING REQUIREMENTS 


Much of a captive lizard’s health depends on provision of a proper 
environment. It is critical that configuration of the captive environ- 
ment reflect the natural history of the animal. Temperature, light, 
humidity, and ventilation, as well as the size, spacial orientation, 
substrate, and cage furniture, are all extremely important parameters 
hat need to be considered when creating the optimal lizard habitat. 
Many species will survive and even reproduce in spartan accom- 
modations consisting of little more than a plastic box with newspa- 
per substrate, a water bowl, and a hide box. However, a more recent 
rend is toward the provision of more naturalistic accommodations 
for all captive reptiles, including lizards. The animals are more visu- 
ally pleasing when accommodated in naturalistic environments, and 
hey also are more likely to exhibit a wider variety of behaviors that 
one might not see if the animals were provided with a less stimulat- 
ing environment. 


Lizards, like most nonavian reptiles, are ectothermic and behav- 
iorally thermoregulate by movements within their environment. 
Ectothermic animals vary their body temperatures according to the 
prevailing metabolic need, so to function properly, they require 
access to a thermal gradient within their preferred temperature zone. 
Gradients are also important with other parameters such as light and 
humidity. 

Minimum acceptable size for a lizard enclosure varies according 
to species with regard to not only the size of the lizard but also the 
activity level and flight distance. Bigger is typically better in most 
cases. The size of the enclosure should allow the animal to move 
about freely and accommodate creation of multiple comfortable 
resting spots for the animal. Obviously, the orientation of the cage 
should reflect the habits of the lizard. Arboreal species should be 
provided with a vertically oriented enclosure with appropriate climb- 
ing structures. Terrestrial and burrowing species should be given a 
horizontally oriented habitat with plenty of appropriate substrate. It 
is important that the lizard be able to choose its own appropriate 
environmental temperatures, humidity, and light exposure while 
feeling safe and secure. Many lizards will choose security over proper 
temperature, so basking spots need to be secure enough for the 
animals to use them properly. In a similar fashion, some lizards will 
choose thermal needs over the need for exposure to ultraviolet B 
(UVB) rays. Therefore, if possible, the artificial light and heat source 
should be combined. 

Substrate may vary, including artificial materials such as newspa- 
per and indoor—outdoor carpeting. 

An overriding concern with any captive lizard enclosure is 
hygiene. Regardless of how beautiful and functional the habitat is 
otherwise, it if it cannot be properly serviced, it is useless and poten- 
tially harmful to its inhabitants. 


PHYSICAL RESTRAINT AND HANDLING 


Prior to the capture and physical restraint of a lizard, a basic plan 
should be in place to minimize handling time, and all necessary 
equipment should be assembled prior to getting the animal in hand, 
if possible. Also, care should be taken to provide secondary contain- 
ment, if possible, in case the animal evades capture and escapes the 
primary enclosure. 

Lizards are capable of inflicting damage on a handler through 
bites, scratches, and tail lashes. The size and conformation of the 
species determines the risk involved. A house gecko (Hemidactylus 
sp.) bite may be essentially ignored, but a bite from a species such 
as a crocodile monitor (Varanus salvadorii) may warrant a trip to the 
emergency room and may even result in permanent disability. 

It is important to know the species’ behavioral profile when plan- 
ning a capture-and-restraint episode. For instance, it is helpful to 
know that many monitor species will initially defend themselves by 
delivering surprisingly accurate tail lashes. If that does not deter the 
person attempting the capture, they will quickly resort to biting and 
scratching. 

Most lizards may be safely restrained by gaining control of the 
head and neck with one hand and the pelvic area with the other. 
With large and aggressive animals, the judicious use of towels and 
leather gloves may help facilitate capture and restraint and provide 
an extra measure of safety. Very large lizards such as Komodo 
dragons, water monitors, and crocodile monitors may require mul- 
tiple personnel or chemical restraint to work with safely. 

On the other end of the spectrum are very small or fragile species 
that pose no threat to the handler but are easily injured if extreme 
care is not employed. Certain gecko species have extremely thin and 
delicate skin, which may be torn as they struggle to escape restraint. 
Some species with tail autotomy will drop their tails, even if the 
handler is not actually touching it. There is also the possibility of 
other injuries associated with attempted or successful escapes from 
handlers, including fractures, crushing wounds, and so on. When 
working with these very small, delicate species, it is often easiest to 
perform most of the examination with the animal inside a clear 
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container or anesthetized. A strategy that may be used with small 
geckos or other lizards is to induce anesthesia with an isoflurane or 
sevoflurane-soaked cotton ball in a sealable plastic bag. Most of a 
physical examination may be performed with the animal in the bag, 
and if venipuncture is required, the tail may be accessed by cutting 
the corner off the bag to exteriorize the tail. Care should be taken 
to work quickly with this method, as gas anesthetic levels created 
are quite high and could result in an overdose. 

Frequent handling of some species of lizard (and many other taxa 
for that matter) may result in significant stress, which may affect the 
general health of the animal. True chameleons are notorious for this, 
so in most situations, handling should be kept to a bare minimum. 
Some captive animals may seem very docile, bonded to their keepers 
and not at all perturbed by handling; however, these individuals are 
the exception to the rule. 


FEEDING 


The nutritional requirements of the animals with the sub-order 
Lacertilia are incredibly varied. Lizards may be carnivores, insecti- 
vores, herbivores, or omnivores. Additionally, many species have 
very specific nutritional needs, being adapted to exploit particular 
resources in the wild. For instance, the caimen lizard (Draecena 
guianensis), a large and attractive species from South America, feeds 
exclusively on snails in the wild. Other specialized feeders include 
he horned lizards, which prey exclusively on ants and termites, 
and marine iguanas, which feed on marine vegetation. These special- 
ized feeders create challenges in situations of captivity. Sometimes 
he preferred food item may be replaced with items more readily 
available with good results. However, in most situations, the animals 
will do poorly and refuse to accept anything but the preferred 
oodstuff. 

A difficult issue to address in captivity is that with the exception 
of the specialized feeders, most wild animals are probably consuming 
a large variety of food items that are not readily available in captivity. 
Most captive animals receive very little variation in their diets, which 
may lead to unrecognized deficiencies. 

Obesity is a common nutritional disorder in captive lizards. 
Captive animals expend much less energy than their wild counter- 
parts, and well-meaning lizard keepers tend to enjoy interacting with 
their animals by feeding them. The consequences of obesity in lizards 
and reptiles in general are thought to mirror those seen in mammals, 
and clinical experience would suggest that this is true. Orthopedic 
disease, cardiovascular disease, and GI and reproductive dysfunc- 
tions all seem related to obesity in captive lizards. Care should be 
taken to limit caloric intake and maximize physical activity in captive 
animals to avoid the development of obesity. Data from wild animals 
may be used to guide weight management in captivity.” It is impor- 
tant to remember that most wild animals appear too thin to the 
average keeper! 


ANESTHESIA AND ANALGESIA 


Chemical immobilization may be required when an animal is poten- 
ially dangerous to the handlers or the procedure requires an immo- 
bile patient or is likely to induce pain. Many options exist for 
anesthesia in lizards (Table 7-1), and the choice of a plan for anes- 
hesia should be based on the species, the animals condition, and 
he reason for the procedure rather than adopting a “one size fits all” 
approach. Preanesthesia evaluation and planning are critical pieces 
of the puzzle, as it is unwise to attempt to anesthetize an animal with 
severe physiologic derangement unless absolutely necessary. Lizards, 
ike most other reptiles, are sometimes capable of withstanding 
changes in fluid and electrolyte balance, circulation, and so on that 
would quickly result in the death of most mammals. Even though 
hese animals may withstand these insults to a point, anesthesia may 
be the proverbial “straw that broke the camel's back” and result in 
he death of an animal that may have been able to recover if given 
proper support. 


Selected Sedative or Anesthetic and Analgesic 
_ Agents Used in Lizards 


Reversal Agent 


Generic Name Trade Name Dose (mg/kg) 
Diazepam Valium 0.2-1.0 Flumazenil 
idazolam Versed 0.5-2.0 Flumazenil 
Butorphanol Torbugesic 0.4—2.0 Narcan 
Ketamine Ketaset 5.0-20.0 — 
Tiletamine/ Telazol 4.0-6.0 Flumazenil for 
zolazepam zolazepam 
edetomidine Dormitor 0.06-0.15 Atipamezol 
Propofol Propofol 3.0-5.0 — 
Alfaxolone Alfaxan 6-15 -— 
Morphine — 1.5-10 Narcan 
Meloxicam Metacam 0.1-0.5 q24h = 
Ketofen 2 q24h — 


Ketoprofen 


Propofol is a common choice for induction of anesthesia in lizard 
species as long as intravenous or intraosseous access is possible. Use 
of propofol in lizard species is typically associated with very rapid 
onset of effect and recovery. Propofol may be used as a sole anesthetic 
agent through continuous rate infusion or delivery of repeated 
boluses.' In recent years, alfaxolone has become available in some 
countries and is in the process of evaluation for distribution in the 
United States. Alfaxolone has properties very similar to propofol with 
regard to induction, recovery, and minimal effect on cardiopulmo- 
nary status in lizards but has the very important added benefit of 
being effective when administered intramuscularly. When more 
widely available, alfaxalone will likely become the preferred anesthe- 
sia induction agent in most reptiles, including lizards.*”! 

Ketamine is still a viable choice of injectable anesthetic for lizards, 
especially large and dangerous animals that may require remote drug 
delivery. However, induction and recovery times with ketamine may 
be quite unpredictable and prolonged. The effect of ketamine may 
be enhanced by addition of an oz-2 agonist or benzodiazepine (diaz- 
epam or midazolam). Tiletamine-zolazepam may also be used effec- 
tively and usually results in rapid inductions, but recovery time may 
be extended. 

Isoflurane and sevoflurane are frequently used for induction and 
maintenance of anesthesia in lizard species. Induction using inhal- 
ants may be difficult and prolonged, as lizards as well as other 
reptiles are capable of shunting blood away from their lungs and 
hold their breath for extremely long periods without any adverse 
effect. Rapid anesthesia induction for very short procedures such as 
venipuncture in diminutive species may be accomplished by placing 
the animal in an airtight container with a cotton ball soaked in iso- 
flurane or sevoflurane. The resultant percentage of agent to which 
the animal is exposed is extremely high, so the animal should be 
monitored very closely and removed from the container as soon as 
adequate anesthesia is achieved. Small lizards may easily be eutha- 
nized via this method simply by leaving them in the container for 
an extended period. 

Monitoring the physiologic parameters of lizard patients during 
anesthesia is important; however, critical limits to measured param- 
eters are unknown in most cases. Nonetheless, it is probably best to 
try to maintain parameters such as heart rate, respiratory rate, and 
temperature as stable and close to what would be seen in a healthy, 
awake animal as possible. Much of the currently available monitoring 
equipment may be used with the larger lizard species. However, 
some lizards are so small that even a fingertip Doppler probe is too 
big for them. Caution should be used to not overinterpret the mea- 
surements delivered by equipment that has not been validated for 
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use with the species in question. For instance, oscillometric blood 
pressure measurement via culf on a hindlimb does not work well or 
correlate with direct arterial pressure measurements in the green 
iguana.’ 

In recent years, a number of studies have investigated the effec- 
iveness of certain analgesics in lizard species, although most of the 
information available regarding the use and dosage of the majority 
of drugs is anecdotal. Morphine has proven to provide analgesia in 
bearded dragons, ” and clinical impressions suggest that it is effective 
in other species at similar doses. Butorphanol has been evaluated by 
different researchers in the green iguana, with different conclusions 
regarding efficacy. However, in these studies, the observed result 
could be explained by differences in methodology. Other opioid 
medications that target the same receptors as morphine should theo- 
retically be efficacious; however, they have not been evaluated, and 
dosing would be empirical at best. Nonsteroidal anti-inflammatory 
medications such as meloxicam and ketoprofen are frequently used 
in lizard species, and some pharmacokinetic data exist to guide 
usage. ” 


DIAGNOSTICS AND LABORATORY 
SAMPLE COLLECTION 


It is critical to understand that the most useful diagnostic in any case 
is a thorough history and physical examination. A careful, systematic 
physical examination with an understanding of normal anatomy, 
conformation, and behavior is one of the first steps in proper case 
management. Appropriate use of light and magnification may aid an 
examination infinitely, especially in small specimens. In small species 
with thin skin, transillumination with a cool light may yield tremen- 
dously useful information. 

Imaging using the various available modalities may be useful in 
the medical management of lizards.” Radiography is very commonly 
used, as it is available to most practitioners. The imaging of skeletal 
structures is fairly straightforward but may be difficult in very small 
specimens unless high detail systems are available. Lizard species 
with osteoderms or heavy scales may be difficult to radiograph, as 
their dermal structures do not allow for proper imaging of internal 
structures. Identification of soft tissue structures is possible with 
proper knowledge of normal anatomy. Techniques employing posi- 
tive and negative contrast media may be useful in certain instances. 
The application of ultrasonography in the evaluation of lizard cases 
is becoming increasingly common as appropriate equipment becomes 
more readily available and clinicians gain confidence with the modal- 
ity.” Since lizards may vary so dramatically in size, probes with 
various footprint sizes and shapes are necessary to accommodate the 
possible range of species. Small transducer probes capable of emit- 
ting frequencies in the 10- to 12-megahertz (MHz) range are 
extremely useful in small species. With very small specimens, a 
standoff, which may be purchased or simply manufactured by filling 
a latex glove with water, is extremely useful and allows for more 
complete imaging of the patients anatomy. Coupling of the trans- 
ducer probe with the sometimes heavily scaled skin of a lizard 
patient may create challenges. Gel may be effectively employed as a 
coupling agent, but often this leaves air bubbles under and around 
the scales creating artifacts that make evaluation difficult. Performing 
the examination with the lizard’s body submerged in a tub of water 
may be an effective method of creating adequate transducer cou- 
pling. Combined with knowledge of the normal anatomy of the 
species, ultrasonography may be a very effective and useful tool for 
evaluation of soft tissue structures and facilitate collection of diag- 
nostic samples via aspiration. Computed tomography (CT) and mag- 
netic resonance imaging (MRT) are also used occasionally with lizards 
and may dramatically aid a diagnostic investigation if applied cor- 
rectly. Many veterinary facilities house CT scanners that are capable 
to creating useful images, even in very small patients. Software that 
creates three-dimensional reconstructions of CT images is available. 
These reconstructions are especially useful, as they allow the clini- 
cian to visualize the anatomy of the region or structure in question 


horoughly from all angles. When evaluating soft tissue change, MRI 
is superior to CT, so in cases specifically evaluating the central 
nervous system or coelomic organs for mass lesions, MRI is the 
preferable modality. ” 

Because of lizards’ stoic nature and ability to withstand significant 
insult without resultant changes in hematology or plasma biochem- 
istry parameters, it is often necessary to directly visualize and collect 
biopsies of diseased tissue to make a diagnosis. Minimally invasive 
surgical techniques with endoscopy are frequently employed to 
assess lizards and collect samples.” These techniques are useful even 
in extremely small patients, as telescopes in the 2- to 3-millimeter 
(mm) range are available. Coelomic structures, as well as those in 
he GI, respiratory, and reproductive tracts, are all accessible via 
endoscopy. In addition to collection of diagnostic samples, endos- 
copy is also frequently used to determine sex in monomorphic 
species and to perform certain surgical procedures. 

Collection of blood for hematology and plasma biochemistry 
analysis is a routine procedure in the evaluation of lizard patients.” 
It is generally accepted that an amount of blood of between 0.5% 
and 0.8% of body weight in grams may be collected safely in most 
lizard patients. Proper handling of the sample is important to obtain 
the most accurate information possible. Lithium heparin is the most 
commonly used anticoagulant in reptile species; however, ethylene- 
diaminetetraacetic acid (EDTA) is considered the anticoagulant of 
choice in some species such as the green iguana and Chinese water 
dragon. Heparin may create clumping of leukocytes and thrombo- 
cytes and cause a blue cast to blood films, which makes evaluation 
difficult. Therefore, it is recommended that blood films be made 
prior to placement of the sample in the anticoagulant or very soon 
thereafter. A number of reference ranges have been published for 
various species (Tables 7-2 and 7-3), but it is important to under- 
stand that these values rarely represent true “normal reference 
ranges.” Nonetheless, these reports may serve as a starting point for 
evaluation of clinical cases. Diagnostic blood samples from lizards 
are usually collected from the ventral coccygeal vein, but other 
options include the ventral abdominal vein, the jugular vein, and the 
cranial vena cava.” Samples for blood gas analysis may be collected 
from the lingual veins, as the blood in these vessels approximates 
arterial samples. 

Many lizards are presented in severely debilitated states and suf- 
fering from chronic disease. In these cases, multiple organs are often 
involved in the process, and septicemia is frequently encountered. 
Aseptic collection of a blood sample for culture is warranted in these 
severely chronic cases and may provide information critical for suc- 
cessful treatment. Blood samples should be cultured for both aerobic 
and anaerobic bacterial isolates. 


SURGERY 


The first step to performing successful surgery on lizard patients is 
a sound understanding of normal anatomy. Some literature exists to 
guide veterinary clinicians, but nothing replaces first-hand experi- 
ence. The interested clinician should take every opportunity to 
perform postmortem examinations on as many species as possible 
to gain experience. If no other options exist, it may be necessary to 
extrapolate from information known about similar species. Other 
requirements for lizard surgery include appropriate equipment, 
which is usually based on the size of the patient. With tiny patients, 
microsurgical instruments, magnification and light, and hemostatic 
implements such as radiosurgery and hemostatic clips are especially 
important. 

A number of conditions commonly encountered in lizard species 
require surgical intervention. Surgery of the female reproductive tract 
is frequently necessary to address problems ranging from preovula- 
ory follicular stasis to egg-binding or dystocia. Ovariectomy or 
ovariosalpingectomy is often performed as a preventive measure in 
captive lizards that are not intended for breeding because of the 
frequency of reproductive tract disease. Complete removal of all 
ovarian tissue is paramount, especially when the oviducts are 
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TABLE 7-2 ——. 


Egyptian Mexican Prehensile- 
Tegu Caimen Spiny-Tailed Frilled Beaded Green Tailed Crested Gila 
Parameters Lizard Lizard Lizard Lizard Lizard Iguana Skink Gecko Monster 
Erythrocytes 0.8 + 0.2 0.7 + 0.2 0.9+0.4 1.85 + 2.62 1445.8 1.45 0.50 + 0.13 
(x105/uL) 
PCV (96) 35: 7.5 32:5.8 26 6.3 40 8.9 32 + 5.9 38 + 52 35 Male 36.2 £ 3748 
4.8 
Female 30.6 
+ 4.6 
Hemoglobin 9.1+0.3 46+1.4 9.5 £3.7 9.7 £1.4 11.7 + 18.6 9.6 7.4 + 0.9 
(g/dL) 
MCV (fL) 424.7 + 324.2+61.6 519.2 + 326.7 + 263 812 + 370 
156.4 213.6 182.3 
MCH (pg) 184.7 + 86.6411.7 + 144.1 + 56.0 69 + 
76.7 
MCHC (g/dL) 38.640 23.4 + 4.7 34.8+20.0 31.7 £4.8 28 20.9 + 5.3 
Leukocytes 17.7 “132 10.6 7.2 12.6 4 7393 17.9 4142 55445 1.7 £15 12.4 15.4 + 7.1 4.72 + 0.84 
x105/uL) 
Heterophils 6.4 + 3.8 36434 91+68 9.0 + 7.2 2.0 £ 1.6 596-555 96 4.4 3960-3996 2.17 + 0.61 
x103/uL) 
Lymphocytes 9.1 8.0 1.9+1.0 1:9 1,3 6.5+6.4 2.2424 3396-61 96 2.7 10.7 +5.1 1.54 + 0.8 
x103/uL) 
Eosinophils 0.3 + 0.2 08+05 01+0.0 0.3 + 0.2 0340.4 0%-1% 0.6 0%-2% 0+0 
x105/uL) 
Monoeytes 1.4 +1.1 1.9525 841.7 0.9 + 1.0 0.3+0.4 1296-3596 0.1 696-3396 0.07 + 0.08 
x103/uL) 
Basophils 0.6 + 0.6 3.0 2.1 0:7: 0.4 £ 0.4 0.8 £1.1 5%-11% 1.0 0%-12% 0.57 + 0.23 
x103/uL) 
Values in Mean + SD (standard deviation), unless otherwise indicated. 
fL, Femtoliter; g/dL, gram per deciliter; uL, microliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, 


mean corpuscular volume; pg, picogram. 


removed. If ovarian remnants are left behind, the tissue may regener- 
ate and ovulation may resume, resulting in peritonitis. 

The surgical approach to the coelomic cavity in lizards may be 
made either on the ventral midline or on the paramedian. Both 
approaches are appropriate, as long as care is taken to avoid disrup- 
ion of the ventral abdominal vein. If the ventral abdominal vein 
is transected, it may be ligated without any apparent ill effect. 
Incisions should be made between scales, when possible. Skin 
closure should be made in an everting pattern such as horizontal 
mattress or skin staples, as the edges of incisions into scaled skin 
end to invert. Incisions heal relatively slowly in lizards and reptiles 
in general, and if no complications occur, sutures may be removed 
in 4 to 6 weeks. 

Amputation of injured or infected limbs or tails is occasionally 
necessary. If a tail amputation is indicated, it is important to know 
if the species is capable of autotomy. If so, the skin should be left 
open if tail regrowth is desired. If the skin is closed, the tail will not 
regrow. In species that do not have caudal autotomy, the skin should 
be closed to expedite healing. Lizards may do well with limb amputa- 
tions, but attention should be paid to avoid leaving a stump that 
may become traumatized. In most cases, this means amputating at 
the coxofemoral or scapulohumeral joint. 

Abscesses in lizards should be treated as surgical cases, if possible. 
Complete surgical removal of the abscess and its capsule is necessary, 
as otherwise it is likely to re-form. In cases in which the abscess 
cannot be completely resected, it should be debrided as thoroughly 
as possible and treated topically repeatedly until resolved. Cytology 


or histopathology and culture and sensitivity should be performed 
on the resected capsule of the abscess to identify the causative agent, 
if possible. 


NONINFECTIOUS DISEASES 


Traumatic injuries from aggressive interactions (including breeding) 
between conspecifics are fairly commonly. Ideally, social groups are 
configured and monitored in an effort to avoid serious problems. 
Wound and fracture care is similar to what would be employed in a 
mammal, but the fact that healing time will, in most cases, be longer 
should be kept in mind. 

Despite advances in knowledge regarding the captive husbandry 
and nutrition of lizards, nutritional secondary hyperparathyroidism 
(NSHP) remains a relatively common diagnosis in captive lizards. 
Hypovitaminosis A resulting in lesions affecting epithelial tissues is 
seen with some frequency in lizards and has been linked to the use 
of beta carotene in lieu of vitamin A in commercial vitamin supple- 
ments. Obesity is a problem in many captive lizards, especially 
carnivorous lizards. Overfeeding of high-fat prey items and lack of 
adequate exercise seems to be at the root of most cases of obesity. 

Dystocia is relatively common in lizards and often is the direct 
result of improper husbandry. All efforts should be made to provide 
optimal environmental conditions, including an appropriate nesting 
site, for gravid female lizards. In many species, the female will retain 
a fully formed clutch of eggs if nesting conditions are not to its liking. 
Many cases may be managed conservatively and are not true 
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TABLE 7-3 
Mexican 
Prehensile-Tailed Tegu Lizard Beaded Lizard Crested Gecko Gila Monster 
Green Iguana Skink (Tupinambis (Heloderma (Rhacodactylus (Heloderma 
Parameter (Iguana iguana) (Corucia zebrata) teguixin) horridum) ciliatus) supectum) 
T. Protein (g/dL) 5.0 6.5 6.3+41.3 6.8+41.2 Male: 6.0 + 0.6 6.3+0.5 
Female: 6.6 + 0.8 
Albumin (g/dL) 1.0-1.6 3.5 + 0.6 3611 Male: 2.7 + 0.2 + 
Female: 2.9 + 0.3 
Globulin (g/dL) 2.7+1.2 3.6 + 1.0 3.5+0.6 £ 
Calcium (mo/dL) 11.4 13.2 3.0 + 0.2 3:5) 15 Male: 11.7-14.4 2.2 = 0.8 
(umol/L) (umol/L) Female: 15.6-20.0 
T. Bilirubin (mg/dL) 0.4—1.0 5 + 3 (umol/L) 3 + 3 (umol/L) + 
Phosphorus (mg/dL) 6.8 37 1.8+0.7 Il. 7 841.2 Male: 4.0 + 0.9 3.4 + 1.8 
(umol/L) (umol/L) Female: 9.6 + 4.3 
Sodium (MEq/L) 158 160+5 15245 134n150 14453 
Potassium ( MEq/L) 3.0 26 +1.3 4.0 + 1.1 1.1-6.5 3.9+0.5 
Chloride (MEq/L) 117 122+6 115+8 + 
Creatinine (mg/dL) 0.1—0.7 27 + 9 (umol/L) 35 + 18 (umol/L) + 
BUN (mo/dL) 6-15 + + + 
Cholesterol (mg/dl) 246 144 + + + 
Glucose (mg/dL) 150 100 + + 106.6 + 33.1 48.3 + 24.2 
Uric acid (mg/dL) 1.5 1.6 + + 0.8-11.5 6.8+4.2 
LDH (IU/L) 635 + 541 119 + 98 + 
ALP (IU/L) 168 + 90 57 + 56 + 
lonized calcium (umol/L) .26 + 0.10 
Creatine kinase (IU/L) 58-3905 600 + 457 
Aspartate 9-127 42413 
aminotransferase (IU/L) 
Bile acids (umol/L) <35-89 16.2+13.3 


Values in Mean + SD (standard deviation) unless otherwise indicated. 


ALP, Alkaline phosphatase; BUN, blood urea nitrogen; g/dL, gram per deciliter; /U/L, international unit per liter; LDH, lactate dehydrogenase; MEq/L, 
megaequivalent per liter; mg/dL, milligram per deciliter; mol/L, micromole per liter. 


emergencies. In some cases where the animal is actively straining, 
an obvious obstruction exists, or both, emergency salpingotomy with 
or without salpingectomy may be indicated. 


Neoplasia 


As lizards live longer in captivity because of the advances in the 
understanding of husbandry requirements, neoplastic disease will 
likely become a more frequent occurrence. Various neoplastic condi- 
tions affecting all organ systems have been reported in lizard species. 
The practice of oncology in lizards is the same as it is in other species. 
Excellent reviews of reptile oncology are presented elsewhere.”’ 

The incidence of certain specific neoplastic conditions in some 
species is high enough to warrant mention. Bearded dragons appear 
to be predisposed to developing squamous cell carcinomas, with 
over 90% of documented cases occurring in proximity to a muco- 
cutaneous junction in one study. “ In addition, gastric neuroendo- 
crine carcinomas, peripheral nerve sheet tumors, and myelocytic 
leukemia appear to occur with some frequency.” 


INFECTIOUS DISEASES 


A wide variety of infectious agents have been found in association 
with diseases in lizards. It is important to understand that in many 
of these cases, the conditions of captivity may play a pivotal role in 


the disease process. A thorough understanding of organisms that 
pose a threat to a particular species is paramount in development of 
an effective preventive medicine and quarantine program. 


Bacterial Diseases 


Most bacterial infections in lizards are caused by gram-negative 
bacteria, although gram-positive infections also do occur. When 
empirically selecting an antibiotic for treatment of an apparent bacte- 
rial infection in a lizard, it makes sense to choose a drug with an 
effective gram-negative spectrum, but ideally antibiotic treatment 
should be based on culture and sensitivity. Many bacterial isolates 
from sick lizards are usually part of the normal microbial flora but 
have opportunistically caused disease secondary to trauma, poor 
hygiene, or possible immunosuppression. Organisms that are com- 
monly encountered include Pseudomonas sp., Klebsiella sp., Aeromo- 
nas sp., Proteus sp., and Salmonella sp. Anaerobic bacteria such as 
Clostridium sp., Bacteroides sp., and Fusobacterium sp. are also 
encountered with some frequency. In some cases, bacteria that are 
part of the normal flora of one species, if transmitted to another, may 
cause disease. For instance, Devriesea agamarum may cause derma- 
titis and septicemia in Uromastyx sp., but bearded dragons (P vitti- 
ceps) seem to be asymptomatic carriers.’ Doses for various antibiotics 
have been published for lizards,'* and some of the more commonly 
used medications are presented in Table 7-4. Pharmacokinetic data 
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are sorely lacking for most drugs with regard to lizard species, so the 
clinician is encouraged to be appropriately cautious when imple- 
menting treatments. 


Fungal Diseases 


Infection with various saprophytic fungi occurs occasionally in 
captive lizards and is often thought to be associated with poor 
hygiene, immunosuppression, or both. In contrast, infection with 
the Chrysosporium anamorph of Nannizziopsis vriesii (CANV) has 
been reported to infect a variety of reptile species, including a 
number of species of lizards, and has been shown to be a primary 
pathogen in veiled chameleons (Chamaeleo calyptratus). Infection 
with CANV may result in severe and frequently fatal dermatitis. 
Diagnosis may be made with fungal culture or histopathology, and 
successful treatment has been described in lizard species. ” 


Viral Diseases 


More and more viral pathogens are being identified in lizards as diag- 
nostics become cheaper and more readily available. Herpesviruses 
have been found associated with stomatitis in plated lizards (Gerrho- 
saurus sp.) and green tree monitors (Varanus prasinus).”” In green 
tree monitors, the stomatitis is proliferative in nature and may lead to 
the development of squamous cell carcinoma. Another varanid her- 
pesvirus that was associated with hepatitis and enteritis in an uniden- 
tified varanid species has been identified.'’ Papillomatosis in green 


TABLE 7-4 

Generic Route of 

Name Dosage (mg/kg) Administration Interval (hr) 

Amikacin 5 (LD) then 2.5 M 72 

Ampicillin 5-10 M, SC 24 

Ceftazidime 20 M 24-48 

Enrofloxacin 5-10 M, SC, PO 24-48 

Metronidazole 25-50 PO 24-48 

Piperacillin 100-200 M 24-48 

Trimethoprim/ 15-30 M, SC, PO 24-48 
sulfadiazine 

Itraconazole 5 PO 24 

Voriconazole 10 PO 24 


IM, Intramuscular; PO, oral; SC, subcutaneous; LD, loading dose. 


lizards (Lacerta viridis) is associated with infection with an agent 
similar to the sea turtle fibropapilloma-associated herpesvirus. 

Infection with a paramyxovirus has been associated with prolif- 
erative pneumonia and death in caimen lizards (Draecena guianen- 
sis)..” Evidence of paramyxoviral exposure has been illustrated in 
both free-ranging lizards and those from a large captive collec- 
tion. ””””” A paramyxovirus isolate that displayed cytopathic effect 
in cell culture was recovered from the cloaca of an apparently healthy 
flathead knob-scaled lizard (Xenosaurus platyceps).”* 

Adenoviruses from the genus Atadenovirus have been recovered 
from a number of lizard species. Pathology varies and has included 
hepatitis, enteritis, splenitis, nephritis, pneumonia, and encepha- 
lopathy.” In bearded dragons, adenoviral infections are well- 
known causes of morbidity and mortality as a result of hepatic 
necrosis, especially in juveniles. Typically, affected lizards suffer from 
concurrent infections with coccidia and nematode parasites." 

Other reports of specific viral infections in lizards occur intermit- 
tently, and in many cases, the clinical significance of the isolates is 
unknown. Numerous rhabdoviruses and reoviruses have been 
sequenced from lizards; however, the behavior of most of these 
isolates within the lizard host has not been described.””” In one case, 
reovirus infection was associated with mortality in a group of uro- 
mastyx lizards (Uromastyx hardwickii).'° 


Parasitic Diseases 


Internal and external parasites are frequently encountered in captive 
lizard patients. Wild-caught animals may almost be guaranteed to 
harbor at least one parasitic organism. Parasitic infections may be 
challenging to address, so it is important to understand the behavior 
of the organism and its potential impact on the host to devise a 
sensible treatment plan. Table 7-5 lists parasiticides commonly used 
in lizards. 

Fecal flotation, direct microscopic examination, or both are com- 
monly employed to screen lizards for infections with endoparasites. 
Collection of an adequate fecal sample for analysis may be difficult, 
as some lizards do not defecate daily. Many times, in the absence of 
a fecal sample, clinicians will perform a cloacal or rectal wash and 
examine the recovered fluid for presence of parasites. In the authors 
experience, this is an insensitive screening tool, and negative results 
should be viewed with caution. 


Ectoparasites 

Mites and ticks are commonly seen infesting captive lizards, espe- 
cially animals recently captured from the wild. The common snake 
mite (Ophionyssus spp.) may be seen on lizards as well as snakes. 
Other mite species from the families Trombiculidae and Pterygoso- 
matidae are also commonly seen parasitizing lizards. Both hard 
(ixodid) and soft (argasid) ticks may infest lizards. Acariform 


TABLE 7-5 

Generic Name Dosage (mg/kg) Route of Administration Comments 

Albendazole 50 PO Nematodes, trematodes, cestodes 

Fenbendazole 50-100 PO q14d Nematodes, flagellates, giardia 
25-50 PO q24 hr x 3-5 days 

İvermectin 0.2-0.4 PO, SC q14d Nematodes, ectoparasites 

Metronidazole 50-100 PO q14d Protozoa 

Oxfendazole 66 PO q14-28 days Nematodes 

Praziquantel 8-10 IM, PO Cestodes, trematodes 

Sulfadimethoxine 50 PO q24 hr x 3 days, then EOD Coccidia 

Toltrazuril 5-15 PO q24 hr x 3 days Coccidia 


EOD, Every other day; IM, intramuscular; PO, oral; SC, subcutaneous. 
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parasites have the potential to transmit bloodborne pathogens, 
although this has not been well documented to this point in lizards. 
Typically, the pathology associated with acariasis in lizards is limited 
to dermatitis, which may be severe, and potentially anemia.’ 


Endoparasites 

Metazoan parasites are commonly encountered in lizard species. 
Oxyurids are frequently encountered in commonly kept species such 
as green iguanas (Iguana iguana) and bearded dragons (P vitticeps) 
and rarely cause clinical disease. Ascarids from the genus Hexametra 
as well as others are known to infect the stomach and the intestinal 
tract of various lizard species. Rhabdias and Strongyloides spp. are 
known to infect lizards and may cause pathology in the respiratory 
tract and the intestinal tract, respectively. Filarid nematodes are com- 
monly seen in wild-collected animals and may encyst in the subcutis 
or body cavities and cause pathology locally. Filarids in the genus 
Folyella are most commonly encountered in certain agamids and 
chameleons. Pentastomids in the genus Raillietiella have been associ- 
ated with disease in lizards.*! Generally, most host-adapted metazoan 
parasites are tolerated reasonably well by lizards unless parasite 
numbers become too high or the host becomes compromised for 
other reasons. 

Protozoan parasites are extremely common in captive lizards. 
Carriage of Isospora, Eimeria, or both species is common and typi- 
cally not associated with significant disease. An exception is I. 
amphiboluri, which is an important pathogen of captive bearded 
dragons. This coccidian has been associated with significant morbid- 
ity and mortality in young animals. Co-infections of bearded dragons 
with I amphiboluri, adenovirus, and dependovirus have been 
reported as well. Cryptosporidiosis is an extremely important disease 
in captive lizards and has historically caused significant losses in 
many lizard collections. Cryptosporidium saurophilum has been rec- 
ognized as the causative agent of cryptosporidiosis in lizards and 
appears to have a predilection for the intestinal tract.”” However, 
gastric cryptosporidiosis similar to what is observed in snakes is 
occasionally seen in lizard species.’! It is very likely that many addi- 
tional Cryptosporidium species are capable of causing disease in rep- 
tiles. Molecular diagnostics are available for the detection of 
Cryptosporidium in biologic samples. Oocysts may also be detected 
on a fecal float or direct microscopic examination by a skilled indi- 
vidual. Acid-fast stains and others such as auramine stain may high- 
light cryptosporidial organisms and aid in microscopic identification. 
Amebiasis is another important protozoal disease of lizards. Organ- 
isms in the genus Entamoeba are the causative agents of amebiasis, 
E. invadans being the most frequently implicated. Severe, hemor- 
rhagic enteritis and systemic spread of infection with abscessation of 
various organs are possible with clinical amoebiasis.*' Outbreaks of 
amebiasis may be explosive in susceptible collections. Treatment 
with appropriate medications is possible but needs to be instituted 
early in the course of the disease to be effective. 

Microsporidium infections are also documented as a relatively 
common cause of disease in bearded dragons. The organism infects 
multiple organs, including the brain, liver, lungs, and GI tract and 
results in variable and nonspecific clinical signs.*! 


PREVENTIVE MEDICINE 


A quarantine program is strongly recommended for all lizard collec- 
tions to avoid the introduction of disease into the established popula- 
tion, if at all possible. Quarantine programs should ideally be based 
on the species and the history of the collection. All appropriate 
diagnostic screening for infectious disease should be conducted prior 
to introduction of any new animal to the established collection. 
Under no circumstances should a sick animal be introduced to the 
collection. Routine physical examinations and review of husbandry 
parameters are recommended on a regular basis. Collection of blood 
for a complete blood cell count (CBC) and chemistry panel when 
the animal is in good health is desirable for future comparison 
should the animal become ill. Surgical sterilization of female lizards 


that are not intended for breeding should be seriously considered to 
avoid reproductive tract disease as the animal ages. No routine vac- 
cinations are recommended; however, screening and treatment for 
endoparasites should be performed at regular intervals. Necropsy of 
all collection animals that die is paramount for understanding the 
effectiveness of the husbandry and consequently the general health 
of the collection. 
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BIOLOGY 
Taxonomy and Geographic Distribution 


Snakes are in the class Reptilia and the order Squamata, in the clade 
Toxicofera, infraorder Serpentes (snakes). More than 2900 extant 
species of snakes exist within three major clades: Scolecophidia, 
Alethinophidia, and Caenophidia.”””” 

Scolecophidians are fossorial, blind snakes with three families 
in the group: Anomalepdidae (15 species [sp.]), Typhlopidae (210+ 
sp.), and Leptotyphlopidae (90+ sp.). Scolecophidians are oviparous 
and retain pelvic remnants. The Anomalepdidae (early blind snakes) 
live in the forested regions of Central and South Americas. The 
Leptotyphlopidae (Thread snakes) inhabit the semi-desert to forested 
regions of the tropics and subtropics of Africa, the Americas, and 
Southwest Asia. Thread snakes lack the left lung, the tracheal 
lung, and the left oviduct. The Typhlopidae (blind snakes) exist 
in areas ranging from the semi-desert to the rain forest regions 
throughout the tropics. The left lung is vestigial, and the left oviduct 
is absent. 

Ten families exist and comprise the Alethinophidian clade: Ano- 
mochilidae (2 sp.), Uropeltidae (45+ sp.), Cylindrophiidae (8 sp.), 


Aniliidae (1 sp.), Xenopeltidae (2 sp.), Loxocemidae (1 sp.), Boidae 
(40+ sp.), Pythonidae (25+ sp.), Bolyeriidae (2 sp.), and Tropidophi- 
idae (23 sp.). Most of Alethinophidians have well developed, bilat- 
eral ovaries and retain both pelvic vestiges and hindlimb remnants 
as well as a left lung. Anomochilidae (false blind snakes) are fossorial 
and range from the Malay Peninsula, Sumatra, and Borneo. Uropelti- 
dae (shield tail snakes) are fossorial species from Sri Lanka and India 
and possess no pelvic or hindlimb vestiges. Cylindrophiidae (pipe 
snakes) are fossorial snakes found in the forests of Sri Lanka, South- 
east Asia, and the East Indies. The single member of the Aniliidae 
(false coral snake) is found in northern South America. Xenopeltidae 
(sunbeam snakes) are semi-fossorial species from the scrub and 
montane forests of Southeast Asia. Sunbeam snakes lack pelvic and 
hindlimb remnants. Loxocemidae (Mesoamerican python) is also 
semi-fossorial and inhabits the forested regions from Mexico to Costa 
Rica. The Boidae (boas) are a wide ranging group occupying fosso- 
rial, ground-dwelling, and arboreal habitats from the Americas, 
Central Africa, South Asia, Madagascar, the West Indies, and the 
Pacific Islands. Pythonidae (pythons) are restricted to the Old World 
and occupy diverse habitats in Africa, Asia, and Australia. Bolyeriidae 
(split jaw boas) possess a divided maxilla that has both anterior and 


posterior components, and this group is restricted to the island of 
Mauritius and its northern islets. Bolyeriids do not have pelvic or 
hindlimb remnants. Tropidophiidae (dwarf boas) do not have the 
left lung but are similar, anatomically, to boas and colubrids. This 
group is found in terrestrial and in semi-arboreal to arboreal niches 
in Malaysia, the Caribbean, and Central and South Americas. 

The Caenophidian clade is represented by five families: Acrochor- 
didae (3 sp.), Atractaspididae (57+ sp.), Colubridae (1660+ sp.), 
Elapidae (195 sp.), and Viperidae (121+ sp.). Caenophidians are 
known as advanced snakes, and most of them have no hindlimb 
vestiges or left lung, but many species possess a well-developed 
tracheal lung. In the vipers, the oviducts are well developed bilater- 
ally. Acrochodidae (file and wart snakes) are highly aquatic and range 
from South Asia to Australia. Viperidae (vipers and pit vipers) are all 
venomous and occupy all habitat niches worldwide except Papua- 
Australia, the oceanic islands, and Antarctica. Atractaspididae (sti- 
letto or mole vipers) are venomous and occupy grassland and 
forested habitats from sub-Saharan Africa and the Arabian Peninsula. 
The Colubridae (king snakes, water snakes, bull snakes, etc.) make 
up the largest and most diverse group of snakes found throughout 
the world except Antarctica. Both venomous and nonvenomous 
species are found within this family, and they occupy a wide array 
of habitat types. The Elapidae (cobras, mambas, kraits) are venom- 
ous snakes that occupy a range of habitats throughout the Americas, 
Africa, Australia, Asia, and the Pacific Islands. 

In squamate evolution, the earliest divergence is the geckos, fol- 
lowed by the divergence of the skinks, night lizards, plated lizards, 
and girdled lizards. The next groups to branch off are the teiids, 
lacertids, and amphisbaenids, and the remaining group, comprising 
snakes, iguanids, agamids, chameleons, monitors, helodermatids, 
and anguids, is known collectively as the Toxicofera, named for the 
commonality of the presence of venom glands. Snakes diverge in the 
middle of the squamates, and if snakes are removed, lizards are not 
a monophyletic group. Snakes are a group of lizards, and a pine 
snake is a better model for a bearded dragon than a blue-tongued 
skink.”””” 


Unique Anatomy and Physiology 


With few and minor exceptions, the anatomy of the snake is consis- 
tent across species, and thus a general understanding of organ loca- 
tion can be developed.” In general, the typical snake can be separated 
into three sections. The proximal one third of the snake contains the 
esophagus, trachea, parathyroid glands, thymus, thyroid, and the 
heart. The second third has the lung(s), continuation of the esopha- 
gus, liver, stomach, spleen, pancreas, gallbladder, proximal smal 
intestine, and the air sac. The caudal third is the site for the cauda 
small bowel, gonads, adrenal glands, kidneys, cecum, colon, and 
cloaca. This system of thirds is often useful when attempting to 
identify an area of interest, when looking at a diagnostic image, or 
when deciding on a surgical approach. 
Snakes periodically shed their skins in one piece. This process is 
known as ecdysis, and the frequency is regulated by the thyroid 
gland. The integument of the snake is composed of two main types, 
scales and interscalar skin, both of which originate from the epider- 
mis. Scales of both types (smaller scales on the dorsum and sides 
and larger ventral scales) are relatively inelastic and are composed of 
B-keratin, whereas the interscalar region composed of ot-keratin is 
hin and highly elastic.*! The shed skin in snakes should generally 
come off in a single piece; however, larger and heavy-bodied species 
often shed in a few pieces. The entire process of ecdysis takes 
approximately 14 days to completion. Snakes do not have eyelids 
and instead have clear epidermis, the spectacle or brille, protecting 
the cornea. This spectacle is shed during ecdysis like the rest of the 
epidermis. Retained spectacles are a common finding with shedding 
or dysecdysis problems and have been associated with secondary 
infections of the cornea and adnexa of the eye. 

Normal snake skin is dry and warm and slightly cool to the touch 
when the animals are kept under proper husbandry conditions. 
Snake skin is dry because of the relative paucity of glands in the 
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integument in most species. The well-known facial pit organs of 
vipers and many boas and pythons are extremely complex structures. 
These pits are true eyes and not just thermal receptors, which func- 
tion not by photochemical reaction but on the basis of infrared and 
electromechanical radiation./” Trigeminal innervations of the pit 
differ among groups of snakes possessing them, but both have inner- 
vations to the optic tectum of the brain and thus can form a usable 
image from this information. ” 

The skeletal system of snakes has a number of unique and inter- 
esting anatomic features. The skull is highly kinetic and does not 
have a rigid mandibular symphysis. The two rami of the mandible 
have a ligamentous connection. Snakes do not dislocate their jaws, 
as is commonly believed, but instead have an extra bone, the quad- 
rate bone, connecting the lower jaw to the skull. This extra joint 
allows the snake to open the jaws approximately 180 degrees. These 
two anatomic features of the skull allow snakes to ingest extremely 
large prey items. Although snakes have retained ancestral cervical 
musculature, no cervical vertebrae are present (a snake has no 
neck).”” Almost all snakes possess pelvic remnants, but only the 
Alethinophidians have hindlimb vestiges, called spurs, which are 
often used to stimulate the female during copulation. 

The tongue is used in olfaction and is extended from an opening 
rostrally, called the filtrum. The tongue picks up chemical particles 
and then is returned to the mouth and contacts the Jacobson organ 
in the roof of the oral cavity. The Jacobson organ has direct connec- 
tions to the olfactory nerves and serves to differentiate odors. Venom 
glands are modified salivary glands and combined with the highly 
evolved and derived venom delivery system used primarily for acqui- 
sition of prey and only secondarily for defense. 

Snakes only possess an inner ear structure, and the stapes bone 

is in direct contact with the quadrate bone and transmits vibrations 
allowing for the detection of low-frequency sounds (<600 hertz 
Hz]).*! Thus, it has been a widely held belief that snakes only “hear” 
or respond to vibrations. Recent work has demonstrated that snakes 
do “hear” and respond behaviorally, to airborne sounds of various 
frequencies. They are able to perceive both airborne and ground- 
borne (known as somatic hearing) vibrations.**! 
The glottis in snakes is located on the floor of the buccal cavity, 
and the trachea has incomplete rings. Snakes possess one or two 
ungs, with the more primitive groups—boas and pythons—having 
wo, whereas the more advanced groups have only one lung (the 
right lung). When two lungs are present, the right one is the primary 
ung, and the left is reduced. Gas exchange occurs in the cranial 
compartment of the lung(s), and the caudal segment or air sac serves 
o store air and is used in defensive “puffing” displays. 

The cloaca is comprised of the coprodeum, the urodeum, and the 
proctodeum (CUP). The coprodeum is positioned dorsally and 
receives fecal material from the colon. The urodeum is located ven- 
rally and receives urine and urate material from the ureters and ova 
and offspring from the oviducts. The proctodeum is the common 
collection chamber for the urodeum and coprodeum. 

The liver starts just caudal to the heart and ends at the cranial 
portion of the stomach. A gallbladder is present. However, the gall- 
bladder is not associated with the liver but is positioned more cau- 
dally in the coelomic cavity, often near the pancreas and the spleen. 
The pancreas, spleen, and gallbladder can form a triad in some 
species, but in the majority of snakes, a combined spleno-pancreas 
is present. The gonads are located just cranial to the kidneys and are 
positioned asymmetrically, with the right organ being cranial to the 
left. The ovary can be extremely elongated, especially during the 
reproductive cycle. The kidneys are highly lobulated and usually 
dark in color. Male snakes have paired copulatory organs, called 
hemipenes, invaginated into the base of the tail. Female snakes can 
be oviparous (egg-laying) or viviparous (live bearing). Rattlesnakes 
in the past few years have been shown to display maternal care of 
offspring by remaining near the young until after the young have 
gone through a first shed. Female rattlesnakes have been seen to 
provide a refuge to the young. Rattlesnake neonates have been 
observed to seek out the mother when threatened, and mother 
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rattlesnakes have been seen to actively move the young away from 
perceived danger. 


SPECIAL HOUSING REQUIREMENTS 


Temperature provision is an important husbandry parameter in the 
overall health and well-being of captive snakes. Snakes are ectother- 
mic and depend on environmental temperature to regulate their core 
body temperature. A temperature mosaic (top to bottom, side to side, 
and front to back) should be established on the basis of the biology 
of the particular species being housed, using external infrared heat 
sources that create basking zones. In many species, a night time 
drop-in temperature is safe and necessary to maintain good health. 
Humidity within an enclosure is important to monitor in captivity. 
Environmental controls (HVAC) used to maintain building tempera- 
ures can cause enclosures to become excessively dry. Snakes main- 
ained in environments with low humidity may be predisposed to 
chronic dehydration, dysecdysis, and chronic renal problems. In 
contrast, excessive humidity is associated with development of many 
forms of dermatitis. For enclosures not intended for public view, the 
author (BL) prefers the use of a humidity chamber to increase 
humidity. A simple humidity chamber can be created by placing 
moist sphagnum moss into a plastic container of the appropriate size, 
with an entrance hole for the snake. Ultraviolet (UV) lighting is 
generally not considered critical to the health of captive snakes. 
Recently, however, a study showed that certain snakes increase their 
circulating 25 hydroxyvitamin Ds concentration when exposed to 
UVB radiation.' UVA and rich visible light, provided by full spectrum 
lighting, may be important to snakes for regulating behavior and for 
stimulating reproduction and feeding response. Venomous snakes 
should be housed in enclosures equipped with a locking mechanism, 
and the snake must be visible from outside. Large signs should be 
placed on the enclosure that indicate the presence of a venomous 
snake inside. An emergency snake bite protocol should be developed 
in conjunction with a local hospital. 


FEEDING 


Many species of snakes have specialized diets of one or just a few 
prey items. Snakes are true carnivores, and no snake has been docu- 
mented to be herbivorous. If possible, prey items should come from 
a commercial source. Although no guarantee exists, this will usually 
reduce the chances of parasite transmission compared with collect- 
ing road-killed or wild-captured prey. Freezing prey items for a few 
days prior to offering them as food to the snake will also help reduce 
parasite transmission. All mammalian and avian prey should be fed 
prekilled. The vast majority of captive snakes will either take 
prekilled prey immediately or quickly learn to accept prekilled food 
items. Live prey items, especially rodents, may cause extensive 
trauma to snakes if left alone in the enclosure. 

Frequency of feeding can be based on a number of factors. In 
general, juvenile snakes may be fed more often (every 5 to 10 days) 
compared with adult snakes (every 1 to 2 weeks). Clinically healthy 
snakes may also be fasted periodically for 4 to 8 weeks without harm. 
The reproductive status of both male and female snakes may alter 
the frequency of feeding as well. When cycling a female for the 
breeding season, more frequent feedings are often done to increase 
weight prior to the fasting period associated with the gravid state. 
Male snakes will often refuse food during the breeding season and 
may become anorexic for weeks or months. Snake species that 
consume fishes and amphibians will generally eat more often, and 
two to three times a week may be appropriate. 


RESTRAINT AND HANDLING 


Restraint of nonvenomous snakes can be accomplished by gently 
grasping the head of the snake immediately behind the mandible. 
The body of the snake is then supported by one or more handlers 
(one handler for each 3 to 4 feet of snake) to protect the spine. 


Venomous snakes should only be manipulated and restrained by 
trained professionals. These animals should be manipulated by using 
hooks and tongs and then restrained with the use of a clear plastic 
tube. The snake is encouraged to enter the tube to the midpoint 
level, at which time the snakes body and the tube are grasped to 
prevent further advancement. This technique allows for safe manage- 
ment of the snake for physical examination, blood collection from 
the ventral coccygeal vein, and administration of parenteral or gas 
anesthetic agents. 


ANESTHESIA AND ANALGESIA 


Anesthesia and analgesia (Tables 8-1 and 8-2) in snakes are used to 
facilitate surgery and other painful or invasive procedures and 
enhance the quality or safety of diagnostic sampling while minimiz- 
ing stress and discomfort. Dissociative anesthetics, propofol, local 
anesthetics, and inhalant anesthetics are the most commonly used 
anesthetics in snakes. 

The inhalant anesthetics (isoflurane, sevoflurane, and nitrous 
oxide) may be used to provide general anesthesia in snakes, 
isoflurane being the most common. The induction times and 


TABLE 8-1 
Snake Premedication Induction 
Small None Propofol (5-10 mg/kg, IV) 
Direct intubation followed by 
ventilation with isoflurane 
or sevoflurane 
Tube induction with 
isoflurane or sevoflurane 
Large Tiletamine/zolazepam — Propofol (2-7 mg/kg, IV) 
(5-10 mg/kg, IM), or Direct intubation followed by 
None ventilation with isoflurane 
or sevoflurane 
Venomous None Restraint in a tube 


followed by propofol 
(5-10 mg/kg, IV) 

Tube or chamber induction 
with isoflurane or 


sevoflurane 
up ———,—o—— . ” fFn 


“Maintenance for each is isoflurane or sevoflurane via endotracheal tube 
vvith or vvithout nitrous oxide. 


TABLE 8-2 


Generic Name Dosage (mg/kg) Reversal Agent 
Propofol 3-10 

Midazolam 0.2-2 Flumazenil 
Butorphanol 20 (Monitor for 


respiratory depression) 
Tiletamine/zolazepam 2-10 


Flumazenil for 


zolazepam 
Mac % 
İsoflurane 1.5-2.1 
Sevoflurane 2.5 
Nitrous oxide 220 


cardiorespiratory parameters of isoflurane and sevoflurane in snakes 
are very similar.” Although no controlled studies have been per- 
formed in snakes, nitrous oxide used as a supplemental agent during 
induction in monitor lizards reduced the minimum alveolar concen- 
tration (MAC) by 2596.” Apart from this reduction in the primary 
agent, which may improve cardiopulmonary function, the use of 
nitrous oxide likely provides improved analgesia, but this has not 
been critically evaluated in snakes. The primary benefit of the inhal- 
ant anesthetics over injectable agents is more direct control over the 
anesthetic during the procedure. At a surgical plane of anesthesia, 
most snakes will become apneic for long periods and should be 
intubated and provided with positive pressure ventilation six times 
per minute. Recovery should be on room air in a warmed, dark 
environment. 

Propofol is an alkylphenol in lipid suspension that may be used 
singularly to provide surgical induction of anesthesia. Propofol must 
be administered parenterally (intravenous [IV], intraosseous, intra- 
cardiac routes) and has rapid induction (1 to 5 minutes) and recov- 
ery (30 to 45 minutes) times in most cases.”” Ventilation is generally 
needed following propofol use. A recent study evaluating the histo- 
logic effects of intracardiac administration in snakes showed that 
lesions in cardiac tissues were mild and resolved after 14 days.*° 

Alfaxalone is a neuroactive steroid molecule with properties of 
general anesthesia.” The effects of alfaxalone in a range of reptile 
species have been reported and include rapid induction with good 
muscle relaxation when given by the IV route but prolonged induc- 
tion when given by the IM route. Recently, alfaxalone was evaluated 
in five snake species.” Heavy sedation was achieved in 13 of 15 
individuals tested at a dose of 9 milligrams per kilogram (mg/kg) IV 
alfaxalone (10 milligrams per milliliter [mg/mL]) and all 13 were 
easily intubated. The authors suggest that alfaxalone may be prefer- 
able to propofol as an injectable induction agent because of less 
cardiorespiratory depression, shorter induction times, and shorter 
total duration of anesthesia. 

The potent dissociative, tiletamine, combined with the benzodi- 
azepine, zolazepam, continues to have some use in snake anesthesia. 
The onset of effects is faster than with ketamine, but variable effects 
are seen in snakes even at high doses (88 mg/kg).° Despite the long 
duration of action and variable effects, the author sometimes uses 
low doses for sedation of large, aggressive snakes prior to handling 
or intubation. 

Compared with other classes of reptiles, very little is known 
about analgesia in snakes. Snakes seem to differ from the other 
lizards that have been investigated (primarily green iguanas and 
bearded dragons) and chelonians in that they show antinociceptive 
effects in response to the opioid butorphanol but not to morphine. 
In corn snakes, a butorphanol dose of 20 mg/kg significantly 
increased thermal withdrawal latencies 8 hours after subcutaneous 
(SQ) administration, whereas a lower dose of 2 mg/kg had no 
effect.” The effective dose of 20 mg/kg is much higher than in other 
reptile species. Further investigation of snakes and other squamates 
is needed. 


SURGERY 


Any presurgical workup for a snake should include the following: a 
complete physical examination, complete blood cell count (CBC), 
and plasma biochemistry. These will help assess the anesthetic risk 
and determine the suitability of the snake for surgery. Supplemental 
heat should be provided in all cases during the procedure. 

The coeliotomy is the most common surgical procedure per- 
formed by the author in snakes. Coeliotomy is performed to gain 
access for clinical evaluation and biopsy of internal organs and 
masses and to correct dystocia. Because a snakes ventrum contacts 
he substrate and a large abdominal vein runs along the ventral 
midline, surgical approaches should not be made through the ventral 
scutes. Approaches to the coelomic cavity of a snake should be made 
between the second and third rows of lateral scales to prevent con- 
amination of the incision by the substrate. Coeliotomy closure 
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should be performed in two layers: the body wall and the skin. The 
skin is considered the holding layer and should be closed by using 
an everting suture pattern such as a horizontal mattress suture. An 
absorbable synthetic suture should be used to close the body wall, 
whereas nonabsorbable suture can be used to close the skin. In one 
study, polyglyconate and poliglecaprone were the least reactive of the 
materials. ” Sutures can be removed 4 to 8 weeks after surgery. 

Indications for gastrointestinal (GI) surgery in snakes include 
removal of foreign bodies, management of intestinal prolapse or 
intussusception, excision of masses or granulomas, and relief of 
impaction that generally involves the colon. Clinical signs associated 
with GI surgical diseases include weight loss, anorexia, abdominal 
distention, and vomiting or regurgitation. The basic principles of GI 
surgery in mammals apply to snakes. Special care should be taken 
when manipulating the thin-walled intestine of the snake. When 
closing incisions in the GI tract, it is generally considered best to get 
serosa-to-serosa contact. ” A two-layer closure is ideal to close the 
bowel, but this is often not possible in small snakes. If any concern 
regarding the integrity of the closure exists, a serosal patch should 
be applied. Any nearby organ that has a serosal surface such as an 
adjacent segment of bowel, the liver, and so on may be taken and 
acked in place over the closed surgical site. The two serosal surfaces 
will rapidly adhere to each other, thus creating a seal. Once the bowel 
is closed, the coelomic cavity should be irrigated with warm, sterile 
saline. Broad-spectrum antimicrobials are indicated if contamination 
is suspected. 
Dystocia in snakes is generally postfollicular, and clinical signs 
include anorexia, regurgitation, straining, and cloacal discharge. Sal- 
pingotomy is indicated in patients that are reproductively valuable, 
where noninvasive techniques have failed, or if radiographic evi- 
dence indicates that natural passage is not possible. The surgical 
approach is a standard coeliotomy approach. When performing a 
salpingotomy in a snake, the incision should be made into a rela- 
tively avascular region of the oviduct. In snakes, it is often necessary 
to make more than one incision to access all eggs or fetuses, as these 
are commonly adhered to the friable oviduct. Once the procedure is 
complete, the incision in the oviduct should be closed by using a 
simple-continuous pattern with absorbable suture. 

Subspectacular abscesses are commonly seen and may occur as 
a result of ascending infections from the oral cavity. Because of the 
presence of the spectacle, topical treatment is unrewarding. Treat- 
ment requires excision of the spectacle to gain direct access to the 
subspectacular space. This procedure should be performed with the 
animal under general anesthesia. A small triangular wedge is excised 
from the ventral aspect of the spectacle to allow for drainage of 
purulent material. Samples for cytology and culture may be obtained 
from the site by using a sterile swab. The corneal surface is then 
irrigated with normal saline or ophthalmic solution to remove any 
material. A topical ophthalmic antibiotic is instilled three to four 
imes per day to manage the infection. Systemic antimicrobials, 
based on culture and sensitivity, may be warranted in cases of 
panophthalmitis. Over time the spectacle will regenerate, but the 
original incision site must remain open until the infection is 
under control. 


DIAGNOSTIC SAMPLING AND 
PHYSICAL EXAMINATION 


In snakes, clinical signs of disease are often nonspecific (anorexia, 
lethargy), thus it is important to be able to use a variety of different 
diagnostic techniques and modalities to arrive at a diagnosis. 

The physical examination in the snake should always begin by 
observation from a distance without restraining the animal. Special 
attention should be given to tongue usage, respiration, and locomo- 
tion. The physical examination should be performed thoroughly and 
consistently. The spectacles should be clear, with no indication of 
retained epidermis or subspectacular disease. The nares should be 
clear and free of discharge and retained shed. The oral cavity should 
be evaluated by using a soft, pliable speculum. The mucous 
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TABLE 8-3 

Parameter Winter Summer Mean Standard Deviation 
RBC (/uL) 404,375 (a) 520,298.0 (b) 462,336 81,970 
PCV (%) 23.2 21.7 22.5 1.07 
Hemoglobin (mg/dl) 7.4 “ız 7.3 0.16 
WBC (LL) 5904 (a) 10,126 (b) 8015 2,985 
Lymphocytes (/uL) 2141 (a) 5825 (b) 3982 2,605 
Azurophils (/uL) 2021 1983 2000 27.1 
Heterophils (/uL) 1238 1206 1221 23.9 
Monocytes (LL) 2069 (a) 93.5 (b) 219 178 
Thrombocytes (/uL) 6758 (a) 12,365 (b) 9561 3,965 


Different letters indicate significant differences (p <0.05) between seasons. 
uL, Microliter; PCV, packed cell volume; RBC, red blood cell; WBC, white blood cell. 
From Machado CC, Silva LF, Ramos PR, et al: Seasonal influence on hematologic values and hemoglobin electrophoresis in Brazilian Boa constrictor 


amarali. J Zoo Wild! Med 37(4):487-491, 2006. 


membranes should be pale to pink, without the presence of thick, 
ropey mucus. The glottis should be free of discharge, and the tongue 
should be inspected for function. The integument should be 
inspected closely for ectoparasites, traumatic injuries, and inflamma- 
tion (dermatitis). The spine and ribs should be palpated; the spine 
is prominent in snakes with muscle wasting. The epaxial muscles 
should be well developed. Palpation should be performed to assess 
the coelomic cavity for abnormal masses present, and these should 
then be further evaluated by using appropriate diagnostic tests. 
Doppler ultrasonography may be used to determine heart rate and 
rhythm. 

Blood samples should be collected from the heart, the jugular 
veins, or the ventral coccygeal vein. Cardiocentesis is the most reli- 
able venipuncture technique for snakes weighing more than 200 
grams (g). Placing the snakes in dorsal recumbency facilitates visu- 
alization of the beating heart one fourth to one third the distance 
from the snout. The jugular veins are located cranial to the heart 
where the lateral and ventral scales meet. The snake should be placed 
in dorsal recumbency for the procedure. A 1- to 1.5-inch, 22-gauge 
needle attached to a 1- to 3-mL syringe should be inserted approxi- 
mately nine ventral scales cranial to the heart on the medial aspect 
of the ribs. The ventral coccygeal vein is located ventral to the caudal 
vertebral bodies. A 1- to 1.5-inch, 22- to 25-gauge needle on a 1- to 
3-mL syringe may be used to collect the sample. Using gravity can 
be very useful to collect the sample; tipping the snake up with the 
tail lower the head often causes pooling of blood in the tail. In male 
snakes, caution should be used to avoid the hemipenes in the tail 
base. 

GI lavage and pulmonary lavage may be performed to collect 
samples from snakes that are regurgitating or showing signs of pneu- 
monia. A red rubber tube may be used to collect the sample. The 
tube should be premeasured to ensure correct placement into the 
stomach or lungs or through the cloaca into the colon. Physiologic 
saline (5 to 10 mL/kg, 3% to 5% body weight in milliliters) may be 
used to perform the lavage. Centrifugation of samples is often used 
to concentrate organisms before submission. 

Computed tomography (CT) has demonstrated usefulness in the 
diagnosis and monitoring of treatment for pneumonia in snakes, and 
a few papers have described normal CT anatomy.””" Ultrasonography 
may be used for survey imaging and as a guide for collection of 
diagnostic samples. Ultrasound-guided fine-needle aspiration of 
identified masses and fluid areas is often rewarding. Ultrasonography 
is well suited for monitoring the reproductive cycle of snakes, and 
this can be valuable in endangered species. Endoscopy, which is 


highly effective in snakes because of the elongated shape and dis- 
pensability, may be used to visually evaluate organs and collect 
diagnostic samples for culture, cytology, and histopathology. 


Hematology 


Blood cell counts and plasma biochemical values in snakes are 
affected by environmental conditions, reproductive status, season, 
location, and nutrition. 7577597 Reference material for hematologic 
and plasma biochemistry in snakes is sparse and variable, making 
interpretation of a given sample difficult. Given this, it may be most 
efficient and effective to establish in-house reference ranges for 
groups or individual snakes. If this is done over a few years in dif- 
ferent seasons and conditions, the significance of subsequent changes 
detected will be more easily interpretable. 

Blood volumes in reptiles vary from 5% to 8% of their total body 
weight. Of this amount, up to 10% may be safely collected for analy- 
sis without harm to the patient. Blood samples may be stored in 
EDTA (ethylenediaminetetraacetic acid) or lithium heparin micro- 
tainers. CBC may be performed on samples stored in either antico- 
agulant. Recently, it has been shown that mixing of the blood sample 
with 22% albumin (1 drop albumin to 5 drops of blood) will reduce 
white blood cell (WBC) damage during the smear process.” Refer- 
ence ranges for select snake species under different conditions are 
presented in Tables 8-3 through 8-10. 


DISEASES 
Bacterial Diseases 


The phyla Proteobacteria and Firmicutes contain the “classic” gram- 
negative and gram-positive bacteria, respectively. Many of these 
organisms are an important part of normal flora, and context is 
important when clinically interpreting culture results. The most sig- 
nificant member of Proteobacteria in snakes is Salmonella enterica 
arizonae. S. enterica arizonae isolates with flagellar antigens z4 and 
z23 have been documented to cause significant disease in snake 
collections at multiple facilities. Flagellar typing of isolates from col- 
lections is therefore important. Salmonella sp. also represents zoo- 
notic risks. Postprandially, Firmicutes increase as a portion of GI 
flora in pythons. Some of the more clinically relevant taxa include 
Streptococcus sp. and Clostridium sp. 

The phyla Actinobacterium, Chlamydiae, and Tenericutes contain 
some of the more challenging bacteria encountered clinically. They 
tend to be less likely to grow and be identified by classical 

Text continued on p. 69 
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TABLE 8-5 


TABLE 8-6 


Parameter Site A Site B Site C Site D Parameter Site A Site B Site C Site D 
Heterophil (x10-3/uL) 0.93 2.01 0.88 1.06 Hemoglobin (g/dL) 10.9 8.1 8.1 9.7 
Basophil (x10-3/uL) 0.47 0.37 0.38 0.23 PCV (%) 33 30 25 30 
Azurophil (x10-3/uL) 1.92 3.70 2.26 1.27 Plasma protein (g/L) 6.6 5.5 4.4 5:9 
Calcium (mg/dL) 14.5 16.0 16.0 16.0 Calcium (mg/dL) 16.0 15.6 13.8 16.0 
Phosphorous (mg/dL) 3.6 4.5 5.6 4.8 Phosphorous (mg/dL) 2.6 4.1 3.5 4.5 
Albumin (g/dL) 1:2 1.3 15 1.4 Albumin (g/dL) 1.4 1.2 1.0 1.3 
Globulin (g/dL) 3.9 3.9 3.6 3.3 Globulin (g/dL) 5.2 3.8 3.4 43 
Potassium (mmol/L) 5.4 4.1 5.2 5.5 Potassium (mmol/L) 

Sodium (mmol/L) 154 161 153 163 Sodium (mmol/L) 


—U.————— .““—............ 
g/dL, Gram per deciliter; mg/dL, milligram per deciliter; wl, microliter; 
mmol/dL, millimole per deciliter. 

From Wack RF, Hansen E, Small M, et al: Hematology and plasma bio- 
chemistry values for the giant garter snake (Thamnophis gigas) and valley 
garter snake (Thamnophis sirtalis fitchi) in the Central valley of California. 
J Wild! Dis 48(2):307-313, 2012. 


B— A—.N.—..........“.......N.—.—..——.........———.. 
g/dL, Gram per deciliter; g/L, gram per liter; mg/dL, milligram per deciliter; 
mmoyat, millimole per deciliter; PCV, packed cell volume. 

From Wack RF, Hansen E, Small M, et al: Hematology and plasma bio- 
chemistry values for the giant garter snake (Thamnophis gigas) and valley 
garter snake (Thamnophis sirtalis fitchi) in the Central valley of California. 
J Wild! Dis 48(2):307-313, 2012. 


TABLE 8-7 
Parameter April December September 
Wild-Caught Captive-Bred 
PCV (%) 19.3 +/— 5.8 (a) 20.3 +/— 5.6 (a) 32.7 +/— 4.8 (b) 
Hemoglobin (g/dL) 6.0 +/- 1.7 (a) 6.5 +/— 1.6 (a) 10.0 +/— 1.4 (b) 
RBC (x10-6/uL) 0.60 +/- 0.2 (a) 0.55 +/— 0.19 (a) 1.0 +/— 0.13 (b) 
WBC (x10-3/uL) 13.53 +/- 3.63 13.01 +/— 0.77 17.27 +/- 4.70 
Azurophils (x10-3/uL) 3.27 4/— 0.59 4.65 +/—- 3.99 2.15 +/- 1.73 
Heterophils (x10-3/uL) 1.76 4/— 1.17 2.79 4/— 2.68 1.39 +/— 1.02 
Basophils (x10-3/uL) 0 +/-0 0.02 +/— 0.06 0.05 +/— 0.09 
Eosinophils (x10-3/uL) 0.01 +/— 0.01 0.02 +/— 0.02 0.02 4/— 0.02 
Lymphocytes (x10-3/uL) 8.50 +/— 3.21 (a) 9.97 +/- 3.22 (a) 13.63 +/— 3.14 (b) 
Monocytes (x10-3/uL) 0 +/-0 0+/-0 0.01 +/— 0.01 
Azurophils (%) 26.0 +/— 9.0 (a) 21.6 +/- 13.3 (a) 11.7 4/— 7.2 (b) 
Heterophils (%) 13.2 +/— 7.1 (a) 15.0 +/— 9.6 (a) 7.7 +/— 4.5 (b) 
Basophils (%) 0 +/-0 0.1 +/- 0.4 0.3 +/— 0.5 
Eosinophils (%) 0 +/-0 0.1 4/— 0.4 0+/-0 
Lymphocytes (%) 60.8 +/— 11.1 (a) 58.4 +/- 16.8 (a) 80.1 +/— 8.3 (b) 
Monocytes (%) 0 +/-0 0 4+/-0 0.07 +/— 0.03 
Plasma protein (g/dL) 7.0 +/— 1.6 (a) 9.3 +/- 1.9 (b) 6.6 +/— 0.9 (a) 
—rRKNS-,.ƏE.Ğ..BE.A.A,K,AnA.........x.x.B4B8BO.Q.QI.AAQA.AIAIARARAR——....A— 
Different letters indicate significant differences (p < 0.05) between conditions. 
g/dL, Gram per deciliter; wl, microliter; PCV, packed cell volume; RBC, red blood cell; WBC, white blood cell. 
From Salakij C, Salakij J, Apibal S, et al: Hematology, morphology, cytochemical staining, and ultrastructural characteristics of blood cells in king cobras 


(Ophiophagus hannah). Vet Clin Pathol 31(3):116-126, 2002. 
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TABLE 8-10 


Parameter Sex 


Mean +/— SD Min/Max 
PCV ale 27.4 +/- 4.9 17.0-34.0 
Female 17.6 +/- 6.8 7.0-25.0 
Azurophils (/uL) ale 3264 (a) 806-17013 
Female 919 (a) 522-4065 
Glucose (mg/dL) ale 90.0 +/— 42.0 29.0-189.0 
Female 50.9 +/— 20.5 28.0-89.0 
Calcium (mg/dL) ale 11.9 +/- 1.0 10.5-14.3 
Female 18.2 +/- 9.2 7.2-32.8 
Phosphorus (mg/dL) ale 2.6 +/- 1.4 1.0-6.3 
Female 4.3 +/—- 1.7 1.6-6.2 


(a) = median-non-normally distributed data. 

mg/dL, Milligram per deciliter; wl, microliter; PCV, packed cell volume. 
From Allender MC, Mitchell MA, Phillips CA, et al: Hematology, plasma 
biochemistry, and antibodies to select viruses in wild-caught Eastern Mas- 
sasauga rattlesnakes (Sistrurus catenatus catenatus) from Illinois. J Wild 
Dis 42(1):107-114, 2006. 


microbiology techniques; molecular identification is often needed. 
Sensitivity profiles are often highly variable within genera, making 
specific identification important for rational antimicrobial drug 
choice. Some of the clinically important genera in the Actinobacte- 
rium include Mycobacterium, Nocardia, Actinomyces, Arcanobacterium, 
Trueperella, Dermatophilus, and Devriesea. Granulomatous lesions are 
common, and one study found that 25.6% of granulomatous lesions 
in reptiles contained Mycobacterium sp. Multiple drug therapy for 
months or longer, ideally based on sensitivity profiles, is indicated.” 
The most clinically important genus in the Chlamydiae is Chla- 
mydophila, and C. pneumoniae is not uncommon in snakes. Granu- 
omatous lesions are common, and one study found that 64.4% of 
granulomatous lesions in reptiles contained Chlamydiales. Treatment 
with azithromycin or doxycycline for 6 weeks is indicated.” The 
most clinically important genus in the phylum Tenericutes is 
Mycoplasma. Mycoplasma sp. may be seen in snakes in association 
with pneumonia; the species found in snakes have yet to be named. 
Treatment with azithromycin or doxycycline for 6 weeks is indicated, 
but the possibility of carrier status after treatment should be 
considered. 


Fungal Diseases 


Fungal disease has been documented in all orders and suborders of 
the Reptilia except the Rhynchocephalia (tuataras). Although mycosis 
in captive reptiles is less commonly encountered than bacterial 
disease, it does occur with regularity and is likely both underesti- 
mated and underdiagnosed. Mycoses in reptiles were historically 
blamed on poor husbandry. Most of the organisms associated with 
documented reptile mycoses are heavily sporulating fungi, and if 
conditions are favorable (large amounts of organic debris, high 
humidity, unsanitary conditions), spore contamination in an enclo- 
sure may quickly reach sufficient levels to challenge the immune 
system of the reptiles housed within it. Isolating multiple species of 
fungi from a lesion is not uncommon. It has been documented that 
reptiles can normally harbor a large number (up to 15) of different 
saprophytic and pathogenic fungi on their skin.” Cytologic examina- 
tion of the skin lesion or biopsy evaluation is essential to directing 
the diagnostic plan. Diagnosis of a fungal disease should be made 
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only when culture and histopathology confirm the specific patho- 
logic condition associated with the organism. Treatment should 
follow antifungal culture and sensitivity testing. 

Ascomycetous fungi in the order Onygenales have emerged as 
primary causes of fungal disease in squamates worldwide. The order 
Onygenales also contains most significant fungal pathogens of 
mammals including Blastomyces, Histoplasma, Coccidioides, and 
Microsporum. While reptile isolates have often been called the Chrys- 
osporium anamorph of Nannizziopsis vriesii (CANV), molecular 
genetic evidence shows that very diverse organisms are represented 
in reptile disease, and Nannizziopsis vriesii does not appear to be a 
common reptile pathogen. The species most commonly identified as 
pathogenic in snakes is Ophidiomyces ophiodiicola. Infection with O. 
ophiodiicola begins with cutaneous lesions, often on the face, but 
often disseminates with fatal outcomes. O. ophiodiicola has probably 
been underdiagnosed, especially in earlier reports, due to unfamiliar- 
ity leading to misidentification. O. ophiodiicola is probably contagious 
among snakes. O. ophiodiicola is best diagnosed through biopsy of 
lesions, submitted for histological evaluation and sequence-based 
identification. Also in the clade formerly misidentified as CANV is 
the genus Paranannizziopsis; P australasiensis, P californiensis, and P 
crustacea are also significant snake pathogens, although primarily in 
highly aquatic snakes (Erpeton tentaculatum and Acrochordus sp.). 
Touch preparation cytology of ulcerated or necrotic lesions may yield 
characteristic rectangular arthroconidia, suggestive of Onygenales. 
Culture for Onygenales of reptiles is best accomplished at 25°C 
(77°F). Voriconazole is currently the drug of choice in snakes diag- 
nosed with infection caused by O. ophiodiicola; combination therapy 
with terbinafine is likely to be synergistic. Studies on therapy of 
Paranannizziopsis have not been done. 


Viral Diseases 


The family Herpesviridae are large enveloped deoxyribonucleic 
acid (DNA) viruses that replicate in the nucleus and have significant 
host fidelity. Herpesviruses are divided into three subfamilies; all 
herpesviruses of reptiles, including the birds, that have been ana- 
lyzed to date cluster with the subfamily Alphaherpesvirinae. ””” 
These viruses are known for latency; if an animal is infected, it 
should be considered to be infected for life. Herpesvirus-like parti- 
cles were detected in the venom gland of cobras and rattlesnakes in 
association with poor-quality venom, necrosis of glandular epithelial 
cells, and hepatic necrosis in two boa constrictors. However, none 
of the snake herpesviruses has been isolated or had any sequence 
characterization done to date, so little can be said about epidemiol- 
ogy or diversity. 

The family Adenoviridae are large DNA viruses that replicate in 
the nucleus and have host fidelity. They are enveloped viruses, con- 
ferring significant environmental stability.” Adenoviruses are divided 
into six genera; all adenoviruses of squamates that have been ana- 
lyzed to date cluster in the genus Atadenovirus. Persistent infections 
with atadenoviruses in squamates appear to be common. Lesions 
that are seen in snakes with adenoviruses include hepatitis, enteritis, 
gastritis, esophagitis, splenitis, and encephalopathy. There are at least 
three species-level clades of atadenoviruses reported in snakes so far 
(snake adenoviruses 1, 2, and 3). Snake adenovirus 1 has been seen 
in boids and colubrids, snake adenovirus 2 has been seen in viperids 
and colubrids, and snake adenovirus 3 has been seen in colubrids. 
Although cidofovir is effective against adenoviruses in mammals, 
safety, efficacy, and pharmacokinetic data in snakes are lacking. 

The family Iridoviridae are large DNA viruses that replicate in the 
cytoplasm and show significantly less host fidelity than viruses that 
replicate in the nucleus. ”” These viruses are enveloped but have 
the ability to infect even if the envelope is damaged, rendering them 
more environmentally stable. In snakes, a member of the genus 
Ranavirus and an unnamed member of a probable novel genus have 
been identified. The Ranavirus was associated with nasopharyngeal 
ulceration and hepatic necrosis. The other iridovirus was character- 
ized from erythrocytes and is associated with anemia. Tridoviral 
disease manifestation is temperature dependent; the best therapeutic 
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strategy is to provide temperature options for the snake outside of 
temperatures at which disease manifests. 

The family Papillomaviridae are small, nonenveloped, double- 
stranded circular DNA viruses. A papillomavirus has been character- 
ized from a diamond python (Morelia spilota) with papillomatous 
skin lesions. ” Although papillomaviruses have traditionally been 
considered host specific, some recent data do not support host— 
pathogen codivergence, and the snake papillomavirus does not 
cluster with the known papillomaviruses of turtles and birds. 
Although cidofovir and imiquimod are effective against papilloma- 
viruses in mammals, safety, efficacy, and pharmacokinetic data in 
snakes are lacking. 

The family Paramyxoviridae are enveloped, negative-sense single- 
stranded ribonucleic acid (RNA) viruses. They are associated with 
neurologic, respiratory, and acute immunosuppressive diseases in 
snakes. Two clades of paramyxoviruses are seen in snakes: the genus 
Ferlavirus in the subfamily Paramyxovirinae, and the recently dis- 
covered “Sunshine virus,” which may represent a new subfamily.'! 
Although ribavirin is effective against some paramyxoviruses in 
mammals, safety, efficacy, and pharmacokinetic data in snakes are 
acking. Paramyxoviral disease manifestation appears to be tempera- 
ure dependent; the best therapeutic strategy is to provide tempera- 
ure options for the snake outside of temperatures at which disease 
manifests. While hemagglutination inhibition (HD titers for ferlavi- 
ruses are available, only one assay has published validation. There 
is significant diversity within the genus Ferlavirus; cross-reactivity of 
antibodies to different genotypes is limited. For most purposes, clini- 
cal applicability of HI titers is limited, and the authors (JW) recom- 
mend use of PCR with sequencing for most clinical applications. 

The family Reoviridae are nonenveloped, segmented double- 
stranded RNA viruses.” The segmented nature of the genome 
enables rapid evolution through reassortment, much like influenza. 
All reoviruses of snakes characterized to date are in the genus 
Orthoreovirus. Clinical disease in snakes is similar to paramyxoviral 
disease, but the nonenveloped nature of reoviruses makes them 
much more stable in the environment. Although mycophenolic acid 
is effective against some paramyxoviruses in mammals and birds, 
safety, efficacy, and pharmacokinetic data in snakes are lacking. Reo- 
viral disease manifestation may be temperature dependent, and 
thermal manipulation should be considered when disease outbreaks 
occur. 

The family Arenaviridae are enveloped, negative-sense bipartite 
RNA viruses. A recently discovered clade of arenaviruses is strongly 
implicated as the causative agents for inclusion body disease (IBD) 
of boas and pythons.’ The number of species-level genotypes in 
this clade is growing rapidly. Clinical disease primarily consists of 
immunosuppression, and the animal is typically overwhelmed by 
secondary disease. Disease may progress slowly and take months 
or years. Ribavirin, genistein, and favipiravir are effective against 
some arenaviruses in mammals, but safety, efficacy, and pharmaco- 
kinetic data in snakes are lacking. The chronic nature of IBD differs 
significantly from mammalian arenaviral infections; and antiviral 
therapy does not appear promising. Consensus adenoviral, iridoviral, 
papillomaviral, paramyxoviral, reoviral, or arenaviral polymerase 
chain reaction (PCR) with sequencing are currently the most 
straightforward ways to diagnose infection with these viruses; this 
should be combined with histopathology to determine clinical 
significance. 


Parasitic Diseases 


Protozoa and nematodes may be commensal or parasitic, depending 
on the species of parasite, environment, coinfections, and the genera 
condition of the host. Distinguishing when endoparasites are causing 
problems may be difficult. Chronic parasitism may have an overal 
negative effect on the host. The best time to treat snakes agains 
parasites is during the quarantine period, before the animals are 
introduced into a collection. 

Entamoeba invadens is one of the most significant protozoal para- 
sites infecting snakes. This organism has a direct life cycle, and 


transmission is through the fecal-oral route. ” Herbivorous tortoises 
have been known to harbor this parasite without showing clinical 
signs. However, in snakes, this amoeba may cause damage to the 
intestinal mucosa, resulting in hemorrhagic enteritis, colitis, and 
hepatitis. ””) Diagnosis may be made on a direct smear with Lugol 
iodine or a fecal flotation. Im situ hybridization has been effective for 
speciation in snakes and a commercial PCR assay is under develop- 
ment (Jim Wellehan, University of Florida, personal communication, 
April 2013). The treatment of choice is metronidazole for trophozo- 
ites, with or without combination therapy, and paromomycin for 
eysts. Colubrids and rattlesnakes may be more sensitive to metroni- 
dazole, and these species should be treated at the lovver dose and 
frequency. Temperature may also play a significant role in therapy; 
multiple studies have shown that infected snakes kept at 33—35° C 
did not develop clinical disease, whereas infected snakes at 25° 
consistently died. Because of the severe lesions present, secondary 
bacterial infections, especially with Salmonella species, are common, 
so antimicrobials should be considered in the treatment plan against 
amoeba (Table 8-11).*! 

The protozoa Cryptosporidium spp. are monogenous (entire life 
cycle in one host) and are a significant cause of parasitic disease in 
snakes. ” Transmission is via the fecal—oral route, and fomite trans- 
mission may occur, as these parasites have a thick-walled sporozoite 
hat is resistant to desiccation and most disinfectants (only ammonia, 
5%, and formal saline are effective against oocysts).”° All Cryptospo- 
ridium spp. have direct life cycles. The two most significant species 
in snakes are Cryptosporidium serpentis, which has gastric tropism 
and Cryptosporidium varanii (formerly C. saurophilum), which has 
small intestinal tropism. ””” Snakes infected with C. serpentis often 
present with poor growth, weight loss, regurgitation, and gastric 
hypertrophy leading to a midbody swelling. The common clinical 
sign is regurgitation that leads to chronic weight loss and muscle 
wasting. Snakes infected with C. varanii usually present with wasting, 
poor growth, and diarrhea, with no symptoms of regurgitation. His- 
opathologically, cryptosporidial organisms have been seen on the 
gallbladder and intra- and extrahepatic bile ducts.'* Antemortem 
diagnosis is made by demonstrating the oocysts in mucus-coated, 
regurgitated food, gastric lavage samples, in impression smears of 
biopsy samples, or in feces by using acid-fast stains. A nested PCR 
with sequence analysis is available (at the University of Florida) for 
all Cryptosporidum spp. and should be used for speciation, as mor- 
phology alone cannot distinguish pathogenic from nonpathogenic 
(mouse) species.” For antemortem samples, it is suggested to contact 
he laboratory first. During quarantine, acid-fast screening of fecal 
samples with PCR sequencing for any positive results should be 
considered. Shedding of the organism is transient, so multiple fecal 
samples may be required for diagnosis. Endoscopic biopsies or lapa- 
rotomy samples may be evaluated for the presence of the organism. 
Treatment is unrevvarding and has not proven effective. Paramomy- 
cin may have some efficacy but needs to be evaluated critically. 
Nitazoxanide (Navigator, IDEXX Lab Tnc., VVestbrook, ME) may have 
promise, based on mammalian data. ° Consideration should be given 
to culling confirmed cases from the collection, and prevention 
through quarantine is the best control method. 

The most important and frequently encountered coccidian para- 
sites in snakes are Eimeria spp. (direct life cycle), Isospora spp. (direct 
life cycle), and Caryospora spp. (direct or indirect life eycle).””” With 
intestinal Coccidia spp., young animals tend to have the heaviest 
infestations and show the most significant clinical signs.” Lesions 
that have been reported in snakes, include necrotizing cholecystitis, 
fibrosis and epithelial ulcerations, and catarrhal and diptheroid 
inflammation of the small intestine.'*’’ Diagnosis may be made by 
evaluation of fecal material on a direct saline smear or fecal flotation. 
A nested PCR assay with product sequence analysis is available for 
all Coccidia sp. from the University of Florida. This PCR test with 
sequence analysis is important, as other coccidian (mouse) species 
that may be identified from fecal flotation analysis in snakes may 
not be morphologically distinguishable from pathogenic coccidian 
species.” 
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TABLE 8-11 i 
Drug Dose Comments 
Amikacin 3 mg/kg every 72 hours Use caution in dehydrated snakes or those with renal disease 


Azithromycin 10 mg/kg PO every 48-72 hours 


Carbenicillin 400 mg/kg IM every 24 hours 

Ceftazidime 20 mgk/g IM every 72 hours 

Chlorhexidine Topical 0.05% to 0.1% Use to clean external topical wounds 

Ciprofloxicin 10 mg/kg PO every 24-48 hours 

Enrofloxicin 5-10 mg/kg IM once, then PO Multiple injections may cause necrosis at injection sites 


every 24 hours 


Itraconazole 5-10 mg/kg PO, SID 


Pulse therapy: 1 week on 3 weeks off, may have synergistic effect 
with terbinafine (use each 1 week per month) 
Monitor blood values for signs of organ insult 


Fluconazole 5 mg/kg PO, SID 


Yeasts only 


Voriconazole 5-10 mg/kg PO, SID-BID 


Monitor blood values for signs of organ insult 


Silver-sulfadiazine Topical 


Apply topically for dermatitis and wounds 


Terbinafine 10 mg/kg PO, SID 


Pulse therapy: 1 week on 3 weeks off, may have synergistic effect 
with Itraconazole (use each 1 week per month) 
Monitor blood values for signs of organ insult 


Trimethoprim-sulfadimethoxine 20 mg/kg PO or IM every 24 hours 


Use caution in dehydrated snakes or those with renal disease 


BID, Twice daily; IM, intramuscularly; mg/kg, milligram per kilogram; PO, by mouth; SID, once a day. 
From Mitchell MA: Snakes. In Michell MA, Tully TN, editors: Manual of exotic pet practice, 1st ed, St. Louis, MO, 2009, Saunders. 


Although flagellates are commonly encountered in the GI tract of 
snakes, few reports of lesions associated with flagellates in snakes 
exist. Many of these organisms are commensals and likely serve an 
important role in the maintenance of the microecology of the GI 
tract. Flagellates are often found in the intestinal lumen of clinically 
healthy snakes, and thus it is often difficult to attribute disease of ill 
snakes to the presence of flagellates in the fecal sample. The most 
significant genera in snakes are Trichomonas, Tritrichomonas, and 
Monocercomonas, the genera most commonly associated with lesions 
being Monocercomonas.'* Confirmed lesions of Monocercomonas 
include cholecystitis, chronic regurgitation, pneumonia, pancreatic 
duct lesions, and salpingitis.'* Clinical signs are generally nonspecific 
and include lethargy and anorexia. Diagnosis can be made on fecal 
material by a direct saline smear, and treatment is accomplished with 
metronidazole. 

Digenetic trematodes are only rarely associated with disease in 
captive-bred snakes. These flukes have an indirect life cycle, which 
generally is a gastropod, and thus infestations are self-limiting. The 
most significant order of cestodes found in snakes is the Pseudophyl- 
lidea. Pseudophyllideans of the genera Bothridium and Bothriocepha- 
lus are mainly parasites of boid snakes, whereas the genus Spirometra 
is widely distributed among snake genera. ” The life cycle requires 
an intermediate host and is thus usually self-limiting in captivity. 
Bothridium and Bothriocephalus have been associated with severe 
edema and hemorrhage in the small intestinal tract as well as mild- 
chronic enteritis.” 

Spirometra is widely distributed in snakes, which serve as an 
intermediate or paratenic, host. The plerocercoid life stage is com- 
monly seen in snakes, especially wild-caught animals, and present 
as subcutaneous, soft swellings of the body, known as spargana. ” 
Edema and hemorrhage have been associated with this stage in 
snakes. Treatment is by surgical incision and extraction. Adults of 
both parasites are found in the small intestine. Diagnosis of pseudo- 
phyllidian infections is based on identification of Spirometra larvae 
on direct smear or of the eggs on fecal flotation. Pseudophyllidean 
eggs are operculated and float in salt solutions. ” Treatment may be 
accomplished with praziquantel. 


Renifers, or lung flukes, may be encountered in the oral cavity. 
Adults migrate from the oral cavity into the lungs and attach to the 
epithelial lining causing focal lesions, which have been associated 
with secondary bacterial pneumonia. Another member of the Pla- 
giorchiidae known to infect snakes is Styphlodora. This species inhab- 
its the urinary system of snakes, where infections of collecting 
tubules and ureters are seen. Lesions associated with infection 
include renal tubular dilatation and chronic interstitial nephritis. '* 
Treatment is accomplished with praziquantel. 

Nematodes are the most frequently diagnosed endoparasite in 
snakes. Life cycles can be either direct or indirect, and clinical signs 
vary with parasite density and location within host tissues. Affected 
snakes may be asymptomatic or present with diarrhea, intestinal 
obstruction and torsion, pneumonia, renal disease, and muscle 
wasting. Most lesions and clinical signs are attributable to larval 
migration through tissues, with subsequent tissue damage and sec- 
ondary bacterial infections. Diagnosis may be made by examining a 
direct fecal smear of fecal flotation. A variety of parasiticides may be 
used to treat nematodes (Table 8-12). 

Pentastomids are an assemblage comprising approximately 100 
species of vermiform arthropods that are obligate parasites of the 
lower respiratory tract of vertebrates.” Affected animals may be 
asymptomatic or have generalized respiratory disease. Taxonomy is 
in flux, and recent evidence, based on sperm morphology and 
molecular data, strongly suggests that pentastomes are crustaceans 
highly adapted to an endoparasitic lifestyle and most closely related 
to branchiurans, which include Argulus spp. or fish lice.” All require 
an intermediate host for completion of the life cycle, and zoonotic 
potential exists for some species to humans (Armillifer and Poro- 
cephalus). Antemortem diagnosis depends on identification of eggs 
in lung washes or feces, and survey radiography may provide an 
indication of infection. Larvae possess hooklets that can be seen 
inside the thin-walled eggs. Treatment in larger snakes is best accom- 
plished via removal endoscopically. Chemotherapeutic agents that 
have been used or suggested include diethylcarbamazine, praziqu- 
antel, levamisole, thiobendazole, and ivermectin. Ivermectin and 
fenbendazole administered orally in 4 Boelens pythons at 200 
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TABLE 8-12 
Parasiticide Dose/Frequency Indication Comment 
Fenbendazole 25-50 mg/kg PO SID 1-3 days; Nematodes 25 mg/kg for ball pythons; monitor 


repeat in 14 days 


heterophil counts for declines 


Ivermectin 0.2 mg/kg PO or SQ, every 10 Ectoparasites and Do not use in indigo snakes or 
days for 2 to 4 Tx nematodes debilitated snakes 
Levamisole 5-10 mg/kg intracoelomically Lungworms Drug has narrow range of safety 


once; repeat in 2 weeks 


Do not use in debilitated snakes 


Metronidazole 25-50 mg/kg PO once; repeat 
every 7 days for 2 to 3 Tx 
25-50 mg/kg PO every 2 to 3 


days for 3-5 Tx 


Flagellated protozoa Use lower dose for indigo snakes, milk 
snakes, king snakes, and 
Entamoeba invadens rattlesnakes 


(clinical snakes) 


Ponazuril 5-20 mg/kg PO SID x28 days 


Toltrazuril 5-20 mg/kg PO SID x28 days 


Coccidia Dose and frequency based on mammal 
data; an empirical dose of 30 mg/kg 
(two doses 48 hours apart) has been 
used in bearded dragons 

Coccidia A frequency of SID for 3-5 days has 


been effective anecdotally 


Nitazoxanide 25 mg/kg PO SID for 5 days, then 


50 mg/kg PO SID x23 days 


Coccidia/cryptosporidia Not critically evaluated in reptiles 


Amprolium hydrochloride 10 mg/kg PO SID x7-12 days Coccidia Potential thiamine deficiencies; may be 
less effective than the other drugs 
Sulfadimethoxine 90 mg/kg PO once, then 45 mg/kg Coccidia Potential folic acid deficiencies; may be 
SID x7-10 days less effective than the other drugs 
Trimethoprim/Sulfamethoxazole 30 mg/kg PO SID x2d, then q48h Coccidia Potential folic acid deficiencies; may be 
x26 days less effective than the other drugs 
Praziquantel 5-8 mg/kg PO or IM once; repeat Cestodes/trematodes 
in 14 days 


Paromomycin 50-100 mg/kg PO SID x28 days 


Cryptosporidium cysts 


IM, Intramuscularly: mg/kg, milligram per kilogram; PO, by mouth; SID, once a day; SQ, subcutaneously; Tx, treatmentis). 


micrograms per kilogram (g/kg), and 100 milligrams per kilogram 
(mg/kg) respectively, for 3 consecutive days seemingly resolved the 
infection. However, this dose of fenbendazole may cause significant 
bone marrow suppression and damaged gut epithelium in many 
species. Because pentastomes are crustaceans, it has been suggested 
that therapeutics for fish lice may be more appropriate than anthel- 
mintics, but this has not been investigated in snakes. The drug with 
the best evidence for anti-pentastomid use is loperamide; it has not 
been investigated in snakes. 

Mites and ticks are in the subclass Acari within the class Arach- 
nida. Aside from being a distinct lineage, ticks are simply a group of 
large mites. Ticks are a common finding on wild-caught snakes and 
are commonly found around the eyes and within the gular fold but 
may be found anywhere on the body. Although good documentation 
is lacking for snakes, ticks are known vectors of disease and should 
be manually removed. It is important to grasp the tick near its attach- 
ment (mouth parts) to prevent body remnants leading to granuloma 
or abscess formation. 

Ophionyssus natricis is the common snake mite. This ectoparasite 
can be devastating in snake collections. Both larval and adult forms 
of the mite are parasitic and may become reproductive within 2 to 
2.5 weeks and live for 5 to 6 weeks. O. natricis may serve as a vector 
for disease transmission and has been shown to transmit Aeromonas 
hydrophila. It has been postulated that snake mites may play a role 
in the transmission of inclusion body disease but this has not been 
substantiated. 

A variety of parasiticides have been used to eliminate mites, 
including bathing the snake in water or applying mineral oil topi- 
cally, topical and parenteral ivermectin, organophosphates, topical 


permethrin, and topical pyrethrins. Treatment must be two-fold, 
including both the snake and the environment. Provent-a-Mite (Pro 
Products, Mahopac, New York) has been found to be both effective 
and safe when the directions on the label are followed. 


Noninfectious Diseases 


Nutritional Diseases 

Primary nutritional disease in snakes is not well documented and 
seems to be uncommon. Husbandry may play an important role in 
improper nutrition. Snakes housed under the wrong temperatures 
may be exposed to hypothermia or hyperthermia, which will nega- 
tively affect feeding and digestion. Both temperature extremes will 
lead to anorexia and regurgitation if food is taken. Obesity is the 
most common nutritional disorder observed in captive snakes. 
Obesity may lead to a number of health problems, and reproduction 
is often very poor in both females and males. Leaner food items 
should be offered, especially to snakes that feed on mammalian prey. 
Young rats and mice have less fat than older adult breeders, and 
rabbits, in general, are leaner than rodent prey. Reducing the weight 
of an obese snake should be done slowly over a period of 6 to 12 
months; rapid reduction of food may lead to hepatic lipidosis in 
some cases.” 

Captive snakes should not be fed wild-caught prey items. These 
wild prey items often harbor parasites, may be exposed to pesticides 
or insecticides, and may have accumulated biotoxins in their 
tissues. Rodent suppliers who use pesticides to manage ectoparasites 
in their operation should be asked to stop the use of pesticides 
a minimum of 3 weeks before shipment. The few snakes that 
are fed primary insect prey should have these items treated, as in 


the case of an insect-eating lizard (dusting with a vitamin or 
calcium powder, feeding high-quality diet 24 hours prior to 
feeding), to avoid nutritional secondary hyperparathyroidism 
(NSHP). Dusting with a calcium or vitamin source has also been 
suggested for snakes fed neonate rodents to improve the calcium 
content of the food item. 

Piscivorous snakes fed a strictly fish diet may be predisposed to 
thiamine and vitamin E deficiencies (although this is not well docu- 
mented). Signs of thiamine and vitamin E deficiencies are neurologic 
and include loss of righting reflex, abnormal locomotion, muscle 
tremors, and blindness. Thiamine (25 mg/kg, IM) once a day for 72 
hours followed by oral dosing at the same rate seems to be correc- 
tive.’ Vitamin E deficiencies leading to steatitis may occur when 
snakes are fed fish high in polyunsaturated fats. Feeding a variety of 
fish species, and not a high percentage of fatty, cold water fish, is an 
effective preventive strategy. 


QUARANTINE 


The goal of a quarantine is to allow animals to be monitored for 
disease for a sufficient period to avoid introducing infectious agents 
into a collection. Therefore, it is critical to first understand what is 
already in a collection before deciding what needs to be kept out. 
Progression of infectious diseases in snakes may be significantly 
slower; quarantine periods of at least 90 days are recommended. 
Standard quarantine surveillance protocols used for snakes in zoos 
have become somewhat dated. Although it is often recommended 
that titers for ferlaviruses be run, besides the complications of ferla- 
virus titers mentioned earlier, the focus of pathogen testing in quar- 
antine should not be directed toward pathogens that manifest disease 
relatively rapidly, since part of the point of extended quarantine is 
to allow disease to manifest. Testing should be targeted toward agents 
causing chronic diseases that may take longer than a quarantine 
period to manifest, especially those that are environmentally stable 
and have direct life cycles, thus posing a greater collection threat. 
Some of the snake pathogens that merit most significant consider- 
ation for quarantine testing include adenoviruses, arenaviruses, Chla- 
mydophila pneumoniae, and Cryptosporidium sp. 
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CHAPTER 9 


Ratites or Struthioniformes: 
Struthiones, Rheae, Cassuarii, 
Apteryges (Ostriches, Rheas, Emus, 
Cassowaries, and Kiwis), and 
Tinamiformes (Tinamous) 


Maya S. Kummrow 


RATITES 
General Biology 


Ratite is not a strict taxonomic term; it is used to refer to flightless 
birds that do not have a keel but have, rather, a flat “raft-like” 
breast.” ” In general, ratites are classified in one order, Struthioni- 
formes, with four suborders with distinct geographic distributions: 
(1) Struthiones are endemic to the African continent (apart from 
introduced populations in Australia), (2) Rheae in South America, 
(3) Casuarii in Australia and New Guinea, and (4) Apteryges in New 
Zealand.” 

Struthiones include one family, Struthionidae, and one species 
with currently four recognized subspecies: (1) the North African 
ostrich (Struthio camelus camelus), (2) the Somali ostrich (S. c. molyb- 
dophanes), (3) the Massai ostrich (S. c. massaicus), and (4) the South 
African ostrich (S. c. australis). ” Many farm populations (S. c. domes- 
ticus) are hybrids of various subspecies. Although ostrich farming 
became well established on the African, American, European, and 
Australian continents in the second half of the 20th century, wild 
ostriches have become exceedingly rare in some parts of their range. 
South Africa and East Africa still hold strong populations, but most 
of the S. c. camelus subspecies populations in West and North Africa 
are considered endangered.'*'” The Rheidae, the only family to the 
suborder Rheae, are endemic to the Neotropical Region and include 
two species: (1) the Common or Greater Rhea (Rhea americana) and 
(2) the Darvvins or Lesser Rhea (Pterocnemia pennata). Although 
neither species is reckoned to be in immediate danger, both have 
been listed as near-threatened, and their numbers are declining in 
most parts.” The close genetic relationship between the families 
Dromaiidae (emus) and Casuariidae (cassowaries) is recognized by 
the common suborder Casuarii. Emus consist of one single species 
(Dromaius novaehollandiae) and occur in stable populations on main- 
land Australia, and the cassowaries constitute three clearly distin- 
guishable species (Southern cassowary, Casuarius casuarius, Dwarf 
cassowary, C. bennetti; Northern cassowary, C. unappendiculatus), 
with a high number of subspecies.” All three species occur in alti- 
tudinally separate habitats in New Guinea, and the Southern cas- 
sowary also occurs in the northern parts of Australia. Because of 
defragmentation and reduction of their rain forest habitat, cassowar- 
ies are considered endangered.” The fifth ratite family, the kiwis 
(Apterygidae), is endemic to New Zealand and consists of three 
species (Brown Kiwi, Apteryx australis; Little Spotted Kiwi, A. owenii; 


Great Spotted Kiwi, A. haastii). Habitat destruction, inadvertent poi- 
soning and trapping for pest control, and introduced predator 
species have greatly reduced their numbers and rendered some 
populations endangered, but because of their reclusive way of living, 
their status is poorly known.” 

Whereas emus occur in a wide variety of habitats, ostriches prefer 
open semi-arid areas with short grass and are well adapted to hot 
and dry environmenis. “1? Rheas are characteristic to the semi-arid 
tall grass steppe and other savannah-type habitats of South America, 
but they like the vicinity of water or wetlands for breeding.” Cas- 
sowaries and kiwis are most typically found in rain forest habi- 
tats,!°*! but because of destruction of habitat, kiwis are also to be 
found in other habitats with relative high humidity, adequate soil 
texture, and density of vegetation to dig their burrows. All ratites 
may svim. ” 

Ostriches and rheas are gregarious, diurnal birds, vvith males 
being territorial and entertaining polygamous social structures 
during breeding season. “1”? Emus are usually found alone or in 
pairs except when they form large groups on the move or in places 
where water and food are abundant. Cassowaries are shy, solitary, 
and territorial all year round, with a mostly crepuscular activity 
pattern. Kiwis are almost entirely nocturnal, take refuge in earth 
burrows during the day, mate for life, and show strong attachment 
to their territory. ° 


Unique Anatomy 


Except for the kiwi, the ratites are the largest birds in the world 
(Table 9-1). Ratites lack a keel, and as the need for flight is absent, 
ratites lack clavicles (except emus) and triosseus canals, the thoracic 
girdle is modified by fusion of scapula and coracoid, and the only 
pneumatized bone is the femur in ostriches and emus. The wings 
are vestigial and carry variable numbers of claws (two in ostriches, 
one in rheas, none in emus and cassowaries) and are used for 
balance and display behavior. Ratites have long, heavily muscled 
legs, which enable them to run at high speeds; they also use their 
legs for defense and offense, kicking forward, with cassowaries 
using both feet at once. Ratites lack a patella. Whereas emus, cas- 
sowaries, and rheas have tridactyle feet with a nail on all toes, the 
ostrich only has two toes (didactyl) with a nail on the larger, medial 
toe only. Cassowaries carry a daggerlike, dangerously sharp claw on 
the inner toe. Kiwis have a small fourth toe pointing caudally with 
a spurlike nail 1549522 
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TABLE 9-1 

Ostrich Emu Rhea Cassowary Kiwi 
Size (m) 2.5-3.0 1.5-1.8 1.5-1.7 (Common> Darwin's) 1.7-2.0 0.3-0.6 
Max. weight (kilogram [kg]) 120-160 38-55 25 60-85 1-4 
Gender size M>F F>M M>F F>M F>M 
Breeding strategy Polygamous Paired for breeding Polygamous Paired for breeding Paired for life 
Eggs No/female/year <100 7-20 10-15 3-6 1-3 
Color cream dark green granular yellovv- greenish light, bright green white 
Weight 1-2 kg 500-700 grams (g) 400-600 g 600-700 g 400-500 g 
Incubation (days) 39-44 56-61 39-42 60 71-78 (-92) 
Incubating partner M (night), F (day) M M M M 
Parental care M (+F), 1 year M M, 4-6 months M M (+ F) 


M, Male, F, female. 


From Del Hoyo J, Andrew E, Sargatal J: Order Struthioniformes. In Del Hoyo J, Elliott A, Sargatal J (eds): Handbook of the birds of the world, Volume 


1, Barcelona, Spain, 1992, Lynx Editions. 


In ratites, the barbules, although present, do not interlock, giving 

the ratite feathers the particular fluffy appearance sought after for 
decoration and fashion. ”” Feathers of the emu and cassowaries 
have a double shaft.’ Down feathers are rare or absent, and ratites 
continuously molt. The plumage of kiwis has a shaggy appearance 
because of the hard, hairlike, waterproof distal ends. Cassowaries 
have a unique protuberance on the head, called casquet or helmet. 
Brightly colored wattles are only present in the Northern and South- 
ern species and likely function as a social signal.” 
The respiratory system in ratites is comparable with that of other 
avian species with 10 air sacs.”” In the emu, the complete cartilagi- 
nous tracheal rings in the distal trachea are interrupted by a 6- to 
8-cm long ventral cleft, where a thin membrane forms a large, 
expandable pouch to produce the characteristic booming sound./””””” 
Respiration rates of ostriches fall within two ranges, either within a 
low range of 3 to 5 breaths per minute (breaths/min) or a high range 
of 40 to 60 breaths/min when panting in response to heat stress.”’ 
Ratites have a slightly lower core body temperature compared with 
other birds; kiwis, especially, have a low average basal temperature 
of 38°C, approximating that of mammals.*’ 

All ratites lack a true crop, but considerable differences exist in 
the musculature and enzyme secretory function of the gastric com- 
partments and characteristics of the intestinal tract, reflecting adapta- 
tions to different diets..””””” Having adapted to a rough, fibrous diet, 
both ostriches and rheas rely on a small glandular patch in the pro- 
ventriculus but show a large, thick-walled ventriculus with a distinct 
koilin layer. Other than in the rhea, in which the proventriculus is 
significantly smaller than the ventriculus, both compartments are 
similarly sized and connected by a large, rather indistinct sphincter 
in the ostrich and small stones for grinding are physiologically found 
in both compartments. Ostriches show a unique arrangement of the 
two gastric compartments, with the thin, saclike proventriculus 
taking a turn and the gizzard being located cranioventrally. Whereas 
the rhea largely depends on enormous paired ceca for effective 
hindgut fermentation, the ostrich has a particularly voluminous 
colon and long rectum and relatively smaller ceca. Spiral folds within 
the cecal lumen provide an increased surface area for fermentation. 
Following the adaption to a more nutritive and less fibrous diet, the 
proventriculus in emus and cassowaries is comparably large and 
diffusely glandular, whereas the small ventriculus is thin walled and 
lacks a koilin layer altogether in the cassowaries. The paired ceca in 
emus and cassowaries are vestigial and of minor functional impor- 
tance, particularly in the cassowary. The gastrointestinal (GI) passage 
time is approximately 48 hours and 18 hours in ostriches and rheas, 
respectively, but only 7 hours in emus.” In all ratites, a particularly 


strong rectal—coprodeal sphincter results in separate defecation and 
voiding of urine: feces are stored in the rectum, whereas urine is 
mainly stored in the proctodeum, which acts as “bladder.”'® Ratites 
lack a true bursa; instead, the bursa of Fabricius in the ostrich and 
emu forms an integral part of the dorsolateral wall of the procto- 
deum. No gallbladder exists in the ostrich, but one is present in the 
other ratites.” 

Male ratites have an intromittent reproductive organ. In adult 
ostrich males, the flaccid phallus is up to 20 cm long and lies folded 
in a phallic pocket in the ventral wall of the proctodeum: when erect, 
it may reach a length of 40 cm and physiologically deviates to the 
left.””” It serves to transport sperm via a dorsal sulcus (in the ostrich 
and kiwi) or a central cavity (in the rhea, emu, cassowary) but has 
no urinary function.” Manual gender determination may be easily 
conducted in young birds at 1 to 3 months: the clitoris and the 
phallus are similarly sized but differ in shape and in the presence of 
the seminal groove. ` Female reproductive organs are similar to those 
of other avian species; usually only the left ovary and oviduct 
develop. ” Kiwis, however, are among the very few avian species with 
paired ovaries.”” 

Although the larger ratites have acute eye sight, ” the nocturnal 
kiwi mostly relies on its strong sense of smell with its nostrils at 
the distal tip of the beak and excellent hearing, as evidenced by 
large earholes. Kiwis lack a pecten, and their vision is rather 
poor.” 


Special Housing Requirements 


Ostriches and, to a lesser extent, emus and rheas are reared as farm 
animals for meat, feathers, and hides in Africa, Europe, Australia, 
and South and North Americas. 22 Ostriches and rheas may be 
kept in large groups; however, during breeding season, males become 
territorial, so harem groups are advisable.'* Emus are usually kept 
in pairs. In zoologic institutions, ostriches, rheas, and emus are com- 
monly included in multispecies exhibits with other herbivores. In 
the wild, ostrich groups move and feed with herds of hoofstock, but 
they tend to avoid close contact with other animals. If startled or 
challenged, ostriches may react with panicky escapes; therefore, 
exhibits need to provide sufficient space and structures to allow 
avoidance or flight behavior. Barriers have to be easily visible, as 
ostriches, emus, and rheas tend to get entangled and caught in piles 
of branches, wires, and dry moats. Large ratites are usually kept in 
open paddocks and fenced pastures.’ Ratites need indoor enclosures 
or at least dry shelters to be protected against wind and precipita- 
tion. They may tolerate cold temperatures and even snow for 
short periods, but they are sensitive to cold-wet conditions.” As 


waterproofing is impossible because of the lack of interlocking bar- 
bules, ratites get sodden in rain, and they lack down feathers for 
insulation.” Indoors areas with heated or at least well-insulated 
flooring are imperative for hatchlings and juveniles.'® 

Cassowaries may also be kept in pairs and may tolerate each 
other, but it is advisable to keep them separate for incubation of the 
eggs and rearing of the chicks.”””. Keeping kiwis in captivity is not 
easy; usually, only the Brown Kiwi is kept in zoologic institutions 
but is very rarely bred. Kiwis are to be kept in pairs as they take 
mates for life. Deep earth floors for burrowing, high humidity, and 
dense vegetation are important factors in their exhibit.” 


Feeding 


Ostriches and rheas are exclusively vegetarian and selective grazers 
with very efficient fiber utilization in postgastric microbial fermenta- 
tion. Green annual grasses and forbs are preferred, although leaves, 
flowers, fruit from succulent and woody plants, and, rarely, insects 
and small invertebrates are also consumed.'*'” Because of the eco- 
nomic interest in ratite farming, a large body of information on the 
nutritional requirements of ostriches is available. Complete diets are 
commercially available in pelleted form, which should be supple- 
mented with high-quality roughage and vegetation for adequate fiber 
intake and enrichment.”””” Having adapted to an arid environ- 
ment, absence of drinking is possible in adult ostriches, rheas, and 
emus if succulent food is fed, but reduced weight gain and impaired 
reproduction are often caused by inadequate water supply..”” Emus 
are omnivorous but show a highly selective behavior for nutritious 
food items. In the summer time, a large part of their diet consists of 
insects.” Cassowaries are largely frugivorous but may also consume 
fungi, insects, and small vertebrates.*! Wild kiwis consume almost 
exclusively invertebrates from the forest floor, but their captive diets 
are generally meat and fruit, with much higher carbohydrate and 
water content and lower crude fat compared with the diet in the 
wild.” 


Restraint and Handling 


While chicks and kiwis may easily be restrained manually, catch pens 
or chutes are most appropriate for adult, large ratites. Ratites jump, 
kick, and slash in a forward direction; therefore, manual restraint of 
large ratites may be dangerous and requires experienced person- 
nel.””” The risk of injury from the daggerlike claw does not allow 
for manual restraint of adult cassowaries.*’ Ostriches, emus, and 
rheas may be approached from behind or the side. At least three 
people are needed to handle an adult bird, but care needs to be taken 
not to grab the bird by the neck (neck hooks are not recommended), 
the legs, or the vestigial wings or to interfere with respiration during 
straddling.””””” In ostriches, lowering the head quickly to the 
ground prevents them from kicking, and they may even assume 
sternal recumbency. Darkness has a calming effect on ratites, and 
hooding is one of the best aids to handle manually restrained 
ostriches. ” Other ratite species are less tolerant of hooding, and the 
effect is unpredictable.” As ratites are prone to exertional myopathy, 
chemical restraint is advisable for any longer procedure to reduce 
stress and risk of injury to birds and handlers.” 

Whereas most other birds and chicks are not recommended to 
be fasted for anesthesia, adult large ratites may be fasted for 12 to 
24 hours and water withheld for up to 4 hours prior to anesthesia 
to reduce the risk of regurgitation and aspiration.”””””” Chicks and 
kiwis are usually just manually restrained for induction via face mask 
and maintained, ideally intubated, on isoflurane inhalation. For 
remote injection of anesthetic drugs in larger birds, the ideal dart 
placement is perpendicular into the proximal thigh muscle.’ Under- 
dosing may result in overexertion during the excitatory phase and 
should be avoided. Benzodiazepines (diazepam or midazolam 0.3 to 
1 milligram per kilogram [mg/kg]) and ot)-agonists (xylazine 0.2 to 
3 mg/kg, medetomidine 0.05 to 0.5 mg/kg) are commonly used 
alone or in combination with butorphanol (0.1 to 0.2 mg/kg) for 
sedation and premedication, but times to effect and efficacy are 
highly variable and depend on the disposition of the bird.”””” 
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Ketamine (3 to 20 mg/kg) or telazol (2.3 to 4.9 mg/kg) are com- 
monly used as induction agents but need to be combined with 
benzodiazepines or 0j-agonists to prevent muscle rigidity and rough 
induction and recoveries.*””’ Injectable agents rarely provide anes- 
thesia of sufficient duration for longer procedures, and inhalants 
(usually isoflurane) are commonly used for maintenance.” Intu- 
bation is achieved easily with the tracheal opening readily visible at 
the base of the tongue.*’ The unique tracheal cleft in emus neces- 
sitates wrapping of the lower neck with an elastic bandage to avoid 
insufflation of the pouch.””” Alternatively, intravenous (IV) mainte- 
nances on a triple-drip combination (ketamine, xylazine, and guai- 
fenesin) or propofol infusion are described in the literature.” Ratites 
appear rather refractory to the sedative effects of potentiated opioids 
but show excessive running or frenzied activity during the excitatory 
phase and apnea during anesthesia.” However, combinations of 
thiafentanil, o-agonists, and telazol have shown promising results 
in emus and rheas.” 2 

Monitoring via pulsoxymetry is possible on the ulnar vein or 
intermandibular tissue.*’ Supplementation of vitamin E or selenium, 
nonsteroidal anti-inflammatory agents, and adequate infusion 
therapy may be advisable to prophylactically address exertiona 
myopathy.’ Recovery should occur in a dark, padded room, or the 
birds need to be supported until they are able to maintain norma 
head position. Sternal recumbency is not a problem, but latera 
recumbency over a long time might result in peroneal nerve paraly- 
sis, so careful padding is crucial.”’ A body wrap may help to contro 
the recovery process.” Haloperidol administration achieved long- 
term sedation in adult ostriches for transport and reduction of 
aggression, lasting for 20 hours. ” For short transports, azaperone is 
useful as it provides little muscle relaxation but good tranquilizing 
effects for up to 24 hours.” 


Surgery 

One of the most commonly described surgical interventions in ratites 
is proventriculotomy to address gastric impaction and ingestion of 
foreign bodies.””””””” Juvenile ostriches are most commonly affected, 
but cases in juvenile rheas and an adult kiwi have been reported.”””” 
The proventriculus in ostriches is palpated in the left paramedian 
quadrant over the xiphoid. A left lateral approach over the proven- 
triculus is preferred. Failure to adequately absorb the yolk sac may 
necessitate removal of the yolk sac in chicks, which is usually per- 
formed with a ventral midline approach, cranial of the umbilicus 
to beyond the extension of the yolk sac.””” After excising the 
umbilical cord, the yolk sac is lifted out of the coelomic cavity and 
the duct ligated. Any spillage of yolk requires vigorous rinsing with 
warm saline. As in all other birds, egg binding may have to be 
addressed surgically, and castration of male ratites has been per- 
formed successfully." 

Wound management and orthopedic surgery are commonly nec- 
essary, as traumatic injuries are frequent in ratites. ””” These proce- 
dures follow the same principles as in any other species, considering 
the requirements to support heavy weights and bipedal locomotion 
in these large and rather nervous animals.” 


Other Pharmaceuticals 


In most countries, no drugs have been licensed for ratites, and 
chemical therapeutics need to be used in an off-label manner com- 
patible with the local veterinary authority guidelines. Because of the 
ack of large pectoral muscles, the preferred injection sites in ratites 
are the epiaxial or proximal leg muscles.” IV access is possible 
at the right jugular vein and medial metatarsal or ulnar veins. If 
IV access is not possible, intraosseous catheters in the ulna or tibio- 
arsus may be placed in juvenile birds.” Only few pharmacokinetic 
studies in ratites exist, and most drug therapies are extrapolated 
from commonly known avian dosages. However, several studies 
found differences in the pharmacokinetic profiles not only between 
ostriches and other avian species but also between emus and 
ostriches. Therapeutic success should therefore be carefully moni- 
ored and evaluated.''”’ 
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Physical Examination and Diagnostics 


Blood sampling is, as in most avian species, most convenient from 
the large right jugular vein of the neck or the medial metatarsal vein 
in young or anesthetized adult birds.” Because of the highly 
movable skin along the neck, placement of a permanent catheter into 
the jugular vein may be very difficult, and the ulnar or medial meta- 
tarsal veins are preferred for IV catheters.”? Lithium-heparin or 
citrate should be used as anticoagulants, as EDTA (ethylenediamine- 
tetraacetic acid) causes hemolysis..””” Reference ranges for blood 
values are comparable with those in other avian species but vary 
considerably in the literature; single samples may, therefore, be dif- 
ficult to interpret, and trends in multiple, sequential samples are 
most useful to evaluate the progress of disease in an individual 
bird.5”””” Physical examination in ratites is similar to that in other 
avian species. ” Ratites are very sensitive to stress-associated diseases, 
so careful risk assessment of the necessary diagnostic steps and treat- 
ments is necessary. Full body survey radiographs (e.g., for suspected 
gastric impaction) are best accomplished with large ratites standing, 
either sedated or hooded in manual restraint, with a horizontal beam 
against a radiographic plate attached to the wall.” 


Disease—General 


Increased demand of ostrich products and worldwide ostrich trade 
in the 1990s raised the question of their disease status regarding 
poultry diseases (e.g., avian influenza, Newcastle disease) and led to 
the legal classification of ostriches as “poultry” in most jurisdictions 
with application of the same restrictions Most diseases in ratites 
are, therefore, described for the economically interesting species 
such as ostrich, emu, and rhea. For cassowaries and kiwis, not many 
publications are readily available, but both species appear suscepti- 
ble to the same types of diseases that are described for other ratites 
and avian species. Exceptions are discussed below. 


Infectious Disease 
GI infections are very common in chicks and juvenile ratites. Yolk 
sac retention and infection is a multifactorial disease causing mortali- 
ties in chicks up to 2 weeks of age.*' Source of infection either origi- 
nates from egg contamination or naval infection. Escherichia coli is 
often involved and responds poorly to antibiotics, necessitating sur- 
gical removal or aspiration of the yolk.'*’*”*”? Enteritis in chicks and 
juveniles is often caused by failure to establish a balanced gut flora, 
the use of antibiotics, lack of fibers in the diet, hypothermia, exces- 
sive coprophagy, and poor hygiene. A multitude of bacterial patho- 
gens such as pathogenic strains of E. coli, Salmonella spp., Klebsiella, 
Aeromonas sp., Pseudomonas sp., and certain strains of Campylobacter 
jejuni (enteritis, hepatitis in chicks) and Clostridium perfringens may 
be involved. ” 1577775? Spirochete-associated (Serpulina hyodysente- 
riae) necrotizing typhlitis was diagnosed most frequently in young 
rheas in summer and fall.””” Viral (avian influenza virus, coronavi- 
Tus, rotavirus) or protozoal pathogens (cryptosporidia, Histomonas 
meleagridis) have also been identified in ratites with GI prob- 
lems.” 5”? Fungal proventriculitis and ventriculitis are common 
sequelae to gastric impaction, and Macrorrhabdus ornithogaster has 
caused severe losses in juvenile ostriches.'?'**°? 
Respiratory diseases are commonly caused by infections with 
Pasteurella sp., Pseudomonas sp., Bordetella sp., Haemophilus spp., 
Staphylococcus spp., Streptococcus sp., Corynebacterium sp., Myco- 
plasma spp., and Chlamydophila psittaci in predisposed birds because 
of hypothermia, stress, and overcrowding, or poor air quality.'°**>”’ 
Respiratory aspergillosis caused by Aspergillus fumigatus and other 
Aspergillus spp. is a common problem in juveniles or compromised 
adults in stressful or suboptimal management conditions. 5222 
Antifungal prophylaxis should be considered during antibiotic treat- 
ment or stressful situations such as transports and translocations. 
Acute deaths in juvenile emus from Erysipelothrix rhusiopathiae 
septicemia has been reported several times. The disease could be 
controlled with antibiotic treatment, improved husbandry manage- 
ment, and annual vaccination of birds.” The ostrich is the only 


avian host susceptible to Bacillus anthracis, but cases have become 
extremely rare.””” Mycobacteriosis, commonly caused by Mycobac- 
terium avium, occurs occasionally in zoo ratites but is very rare in 
farms. It is hardly ever a herd problem but often affects individual 
birds; however, because of the theoretical zoonotic potential, this 
pathogen has attracted a lot of attention. Clinical signs either reflect 
localized lesions (granulomatous lesions at conjunctiva, cloaca, 
phallus) or generalized infection (GI, liver) in which the animals 
slowly waste away. Culture and polymerase chain reaction (PCR) 
assay on tubercles is considered the gold standard diagnosis, but as 
no effective treatment exists, affected birds should be culled.”” 

Cryptococcus neoformans var. gattii (serotype B) was identified 
in a kiwi with disseminated infection in the heart, kidney, liver, 
oviduct, and pancreas. Eucalyptus mulch was thought to be the 
source of infection. Because of their lower body temperature com- 
pared with other birds, kiwis are thought to be more susceptible to 
cryptococcosis.” 
Ostriches, emus, and rheas are among birds that are highly sus- 
ceptible to avian influenza, and various strains have been identified 
in ratites, including H7N1, H5N9, H5N2, H9N2, and H10N7. The 
pathogenicity in ratites depends on the viral strains, with particularly 
high mortality reported in H7N1 outbreaks among juvenile ostriches. 
Chicks are more susceptible than adults, and secondary bacterial 
respiratory and intestinal infections sometimes mask the underlying 
viral infection..”” Despite the highly contagious nature of avian 
paramyxovirus serotype 1 (Newcastle disease) during an outbreak, 
chronic neurologic disease in ostriches tends to spread relatively 
slowly through the population, is usually limited to a small number 
of birds (mostly juveniles), and may therefore be controlled with 
vaccinations. Emus have tested serologically positive, but no cases 
of clinical disease have been described.*'*”””* In contrast to the 
pathogenesis in most other avian species, eastern equine encephalitis 
virus does not cause neurologic disease in emus and rheas but shows 
a unique visceral tropism, primarily leading to GI symptoms.”””” 
Avian poxvirus may manifest as either wet or dry forms. Vaccination 
with fowl pox vaccines has proven effective in ostriches. 2222 Bor- 
navirus infection has been reported to have resulted in outbreaks of 
paresis and general malaise, followed by anorexia, depression, and 
death from dehydration in ostrich chicks in intensive farming condi- 
tions.'*”’ Both adenovirus and circovirus were isolated from sick 
ostrich chicks and were suspected to be implicated in the “chick- 
fading syndrome.” Miscellaneous viral pathogens reported in 
ratites include infectious bursal disease virus (only experimental 
disease, no natural infections reported), rotaviruses, orthoreovi- 
ruses, and reoviruses (serologically positive samples or viral isola- 
ion, but clinical relevance remained unclear),”” and Crimean-Congo 
hemorrhagic fever (CCHF), a tick-transmitted disease occurring 
across the African continent, that causes a short, symptomless 
viremia in sheep, cattle, and ostriches and has fatal zoonotic potential 
(through handling of tick-infested ostriches or through contact with 
infected ostrich blood during slaughter). 

Two cases of spongiform encephalopathy in adult ostriches in 
German zoos have been histologically described, but the etiology was 
never confirmed with electronmicroscopy. " 


Parasitic Disease 

A range of endoparasites were identified in ratites, of which GI 
nematodes are of most significant clinical importance, as they cause 
economic losses in ratite farming. ”””” In ostriches, the tricho- 
strongylid nematodes Libyostrongylus douglassii (most common), 
L. dentatus, and L. magnus are found in the openings of the deep 
proventricular glands and under the koilin layer of the proventricu- 
lus and the gizzard. Heavy parasitic load may lead to proventriculitis 
with associated weight loss and anemia and to high mortality in 
chicks and fuveniles. — "779? The parasite appears to be rather 
host specific but may infect other ratites such as rheas. Similarly, 
in rheas, Sicarius uncinipenis, a reddish worm, inserts itself between 
the koilin layer and the ventricular mucosa and leads to destruction 
of the koilin layer. ””” In addition, the large-intestine nematodes 


Paradeletrocephalus minor and Deletrocephalus dimidiatus are consid- 
ered to be of some relevance because of their blood-feeding habits, 
which may, in high infections, be associated with an anemia syn- 
drome in rheas. ””” Trichostrongylus tenuis has been found in the ceca 
of emus, and pathogenicity is comparable with that in game birds. 
A low burden might remain clinically unapparent, but large numbers 
of parasites may result in bloody diarrhea, progressive anemia, and 
toxemia.””” Codiostomum struthionis is a slightly larger helminth, 
which inhabits the distal cecum and upper rectum of adult ostriches 
but is mostly clinically inapparent./””””” Houttuynia struthionis is a 
large tapeworm, which inhabits the small intestine of ostriches and 
rheas, causing ill-thrift in young ostriches.l” 7757” Fasciola hepatica 
has been associated with subacute and chronic hepatitis in emus. 
Antiparasitic treatment with triclabendazole may be necessary in 
severely affected birds, and separation of hoofstock carriers and 
pasture management are recommended. Although no reports of 
clinically apparent fasciolosis exist, chronic fasciolosis was identified 
in the livers of healthy slaughtered rheas.””” The finding of extrain- 
testinal filarial worms (Dicheilonema rhea, D. spicularia, Contortospicu- 
lum rhea, Paronchocerca struthionis, Struthiofilaria megalocephala) in 
the coelomic cavity, musculature, lungs, and air sacs of ratites is, 
however, mostly incidental. Attempted antifilarial treatment may be 
detrimental because of the immune response to the dead parasites.” 
Syngamus trachea and Cyathostoma variegatum have been found in 
apparently healthy ratites, but high parasitic burden and accompany- 
ing stressors may lead to respiratory clinical signs, especially in 
juvenile birds. ”””” Fatal cerebral nematodiasis caused by Baylisas- 
caris procyonis and Chandlerella quiscalis larvae migrans are primarily 
reported in emus and ostriches but also occasionally in other ratites 
in North America. Songbirds are the reservoir for C. quiscalis, and 
the parasite is transmitted by Culicoides mosquitoes, whereas B. 
procyonis is harbored by raccoons and directly transmitted from 
raccoon latrines near ratite enclosures. Prophylaxis with oral iver- 
mectin, fenbendazole, or pyrantel tartrate is recommended in 
endemic areas.''””’ 

Cryptosporidium sp. are specific to ostriches and infect the bursa, 
rectum, and pancreas, causing severe chick losses in farms in South 
Africa.” Although coccidiosis is common in emu chicks, no clinical 
cases have been reported in ostriches.”” Entamoeba struthionis is 
highly prevalent but nonpathogenic, and Balanthidium struthionis 
cysts may be confused with coccidial oocysts.'*”° Histomonas melea- 
gridis derived from poultry may cause similar disease (typhlohepati- 
tis) in ostriches.”””” Toxoplasma gondii serology studies revealed only 
a rare risk of disease despite potential susceptibility.” Coccidiostats 
in ratite rations are not recommended and possibly also dangerous, 
as some of the ionophore coccidiostats are toxic for ratites.'® 

Ectoparasites such as feather lice (Struthiolipeurus struthionis, S. 
rheae), thribs (Limothrips denticornis ), and quill mites (Gabucinia 
spp., Struthiopterolichus sp.) may cause pruritus, cellulitis, excessive 
pruning, and feather and skin destruction.” Hippoboscid flies 
(Struthiobosca struthionis) may be the cause of considerable irritation 
and act as disease vector. ” A number of ixodid ticks are known to 
infect ostriches, and their potential to transmit diseases needs to be 
considered.” 

Antiparasitic treatment in ratites follovvs the principles of treat- 
ment in other avian species. Hovvever, toxicologic side effects have 
been noted with several products, and the reader is referred to the 
toxicology section.” 


Noninfectious Disease 

“Chick fading syndrome” is a multifactorial disease complex that 
relates to improper incubation and rearing techniques and possibly 
viral infections.'*?°*°”* Affected chicks often hatch with increased 
generalized edema, are weak, are reluctant or unable to exercise, and 
show delayed or inappropriate intake of food. Subsequent problems 
such as yolk sac retention and infection, leg deformities, gastric stasis 
and impaction, and secondary infections are responsible for major 
mortalities in 1- to 3-week-old chicks. ” Cloacal prolapse in less than 
3-month-old chicks is often associated with insufficient hydration 
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and enteritis and may be treated with reposition of the cloaca fol- 
owed by purse string suture and supportive care.** 

Deformities of legs are identified as one of the most important 
constraints to farm ostrich production but also happen in other 
ratites. Tibiotarsal rotation, rolled toes, slipped tendons, and bowed 
egs appear at different stages of growth, and the multiple etiologic 
factors include protein content of feed and other nutritional factors 
(minerals, trace elements), trauma, flooring (pen design), inadequate 
exercise, availability of water, and genetic predisposition. Rolled toes 
happen by medial displacement of the toe pad and happen most 
frequently in chicks less than 2 weeks of age. Vitamin B deficiency 
was hypothesized on the basis of “curled toe paralysis” syndrome in 
poultry, but the pathogenesis differs. Splinting and trimming nails 
work in most cases, but often spontaneous resolution also occurs by 
he age of 4 weeks. Tibiotarsal rotation and bowed tarsometatarsal 
bones occur in 2-week to 6-month-old chicks and may be caused 
by an inappropriate diet (high protein; excessive vitamin supplemen- 
ation; deficiencies of calcium, manganese, and niacin), and rapid 
early growth rates. Slipped tendon corresponds to lateral displace- 
ment of the gastocnemius tendon of the tibiotarsometatarsal joint 
mostly in older chicks or the Achilles tendon medially over the 
arsometatarsophalangeal joint in younger birds, often because of 
abrupt movement (“waltzing”). Similarities to perosis in poultry 
because of magnesium deficiency have not been proven, “717”? 

Gastric impaction is another common disease of juvenile ratites 
less than 6 months old and appears to be stress related. Impaction 
of the proventriculus with foreign body material because of abnormal 
compensatory picking (disorientation stress, desertion stress, or frus- 
tration with regard to finding food from change of location or diet), 
with or without stasis of the ventriculus with accumulation of natural 
substrates, and koilin hypertrophy frequently occur simultaneously, 
and the clinical signs and treatment are identical. Clinical signs are 
nonspecific (loss of appetite, lethargy, weight loss, dehydration, scant 
defecation), and successful treatment depends on early recognition 
of the syndrome; regular weight checks, serial contrast radiographic 
examinations, and auscultation and palpation of the left cranial 
quadrant after withholding food for 12 hours are the helpful mea- 
sures, “733055 If impaction is suspected, medical treatment may be 
tried with high-energy liquid (vegetable oil), gastric lavage and emul- 
cents and laxatives, metoclopramide, and systemic antibiotics.’ 
However, if no improvement is seen in over 24 hours or presence of 
foreign bodies is confirmed radiologically, surgical intervention (pro- 
ventriculotomy) is mandatory and has a good prognosis if attempted 
early. As birds mimic each others behavior, all birds must be checked 
if one bird is affected.” 

Nutritional diseases include obesity; metabolic bone disease in 
chicks; white muscle disease induced by vitamin E or selenium 
deficiency; vitamin B (pantothenic acid) deficiency caused by high 
grain rations, resulting in retarded growth and skin crust formation 
on eyelids and corners of the beak; vitamin A deficiency in rheas, 
associated with runny eyes, abscesses, on the palate, and stunted 
growth; and vitamin E—associated encephalomalacia in emus, result- 
ing in neurologic disease and sudden deaths. *'° 
The excitable disposition of ratites predisposes them to capture 
myopathy after exertion, heat, recovery from anesthesia, and entrap- 
ment. Treatment is rarely successful, but one report describes suc- 
cessful treatment of a rhea with IV fluids, esophagostomy-tube 
feeding, long-term sedation, treatment with muscle relaxants, dexa- 
methasone, and antibiotics, and sling and physiotherapy, all resulting 
in resolution after 23 days. Proper management, restraint, transport, 
and capture techniques are important preventive measures.” “”” 

Female reproductive tract infections and egg binding are impor- 
ant causes of poor fertility in captivity.’ Transcutaneous ultrasonog- 
raphy is a useful noninvasive technique to monitor ovarian (in) 
activity and to diagnose reproductive pathologies, with the probe 
placed directly behind the thigh on the ventrolateral, featherless part 
of the abdomen.” 

Miscellaneous conditions include trauma to neck and legs,’ 
subchondral cysts, bone sequestration, and arthritis as a cause of 
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lameness in ostriches and emus,” phallus prolapse and lesions and 


testicular cysts in adult males,'”’ aortic dissection and aneurysm,’ a 
hereditary form of neuronal gangliosidosis in emus,’ behavioral 
abnormalities (excessive feather pecking, stargazing in close confine- 
ment, imprinting on humans),” and a most likely genetically related, 
noncontagious, mechanobullous skin disorder with skin sloughing 
and coagulative skin transudate in juvenile ostriches.” 

Toxicities 

Drug-related toxicities have been reported from lindane-containing 
antiparasitic products (benzene hexachloride, morantel), ionophore 
coccidiostats, lincomycin, dynamulin, streptomycin, and colistin 
antibiotics." Selenium toxicities from oversupplementation has 
resulted in high mortality in ostrich and emu chicks.” Ingestion of 
parsley was associated with photosensitivity, avocado with epicardial 
edema and myocardial degeneration, acorns with enteritis, and oak 
leaves with fatal nephritis (cassowary).'*’! Fungal toxins such as 
sporodesmin and aflatoxin in moldy feed lead to liver damage and 
immunosuppression. Clostridium botulinum toxicities (from occa- 
sional intake of bones, carcass in hay) were associated with paralysis 
in wild ostriches. ” Their curious nature and long necks predispose 
ratites to accidental intoxication with pest control agents such as rat 
poisoning (anticoagulant vvarfarin)./” 


Reproduction 


Differences in reproduction between the five ratite species are listed 
in Table 9-1.'"!” Male ostriches sexually mature at 4 to 5 years of 
age and the hens slightly earlier, and they remain reproductive for 
up to 40 years. Their sexual activity is seasonal and associated with 
he photoperiod, rainfall, and availability of food. Males become 
erritorial during the breeding season and display an impressive 
courtship behavior. Territorial males dig shallow nest scrapes, in 
which several visiting females contribute eggs to a communal clutch, 
eading to multiple maternity and paternity in one clutch, but only 
he “major” female and the resident territorial male provide incuba- 
ion and parental care. More eggs (40-60) are laid in the nest than 
may be incubated, and the major female ejects surplus eggs from the 
incubated central clutch of approximately 20. Incubation is carried 
out by both genders, with the male bird mostly sitting during the 
night. Hatching in the nest occurs after average incubation duration 
of 42 to 43 days and over 4 to 5 days. Parental care is provided by 
both parents, and chicks are abandoned at the age of 1 year.'*!°”?’ 
Ostrich eggs are unusual for their large size and low shell conduc- 
tance, which makes them prone to insufficient water loss and results 
in edematous and malpositioned chicks.'* The ostrich has been 
farmed for over 100 years, and the production has gained global 
importance in the past few decades. The main constraints of the 
ostrich production are high rate of infertility, low hatchability, 
and post-hatch problems such as leg deformities and fading chick 
syndrome. ””” As a consequence, a wealth of literature on ostrich 
production is available, and the reader is referred to it. Briefly, arti- 
ficial incubation protocols consist of preincubation storage of the 
eggs at approximately 20°C for 7 to 10 days, incubation at tempera- 
ures of 36°C to 36.5°C and comparably low humidity at 20% to 
25% to reach 8% to 18% loss of egg weight until pipping. Vertical 
position of the eggs during incubation appears beneficial, and 
requent turning of the eggs is crucial.'°’’ Sperm collection and 
artificial insemination have been attempted but are not commonly 
practiced.” 

Like ostriches, rheas practice polygamous reproduction, with one 
male competing for several females to lay eggs in a communal nest. 
Parental care is performed exclusively by males, with females restrict- 
ing their investment to the production and laying of eggs.” 

Although kiwis pair for life, emus and cassowaries only pair for 
he breeding season.” Incubation and rearing of chicks is 
performed exclusively by the males in all three species; however, 
kiwi females may be partly involved. ” Kiwis have the largest egg-to- 
body ratio, with eggs reaching up to 20% of the females body 
weight.” The clutches are considerably smaller (2-3 eggs) and 


incubation time significantly longer (63-92 days) than in other 
ratites. ” 


Preventive Medicine 


Quarantining new birds for at least 30 days, fecal parasitologic exam- 
inations, and serologic testing for avian influenza and Newcastle 
disease are, if not mandatory per regulations, strongly advised.””””” 
Although no vaccinations are licensed for use in ratites, the use of 
commercial vaccines for domestic hoofstock and poultry against 
enterotoxemia (clostridial toxins B and D), Mycoplasma gallisepticum, 
anthrax, Newcastle disease, avian pox, and avian influenza have 
shown promising results and may be advised in endemic areas. Tick 
and rodent control should be part of the routine prophylactic 
measures.”” 


TINAMOUS (ORDER TINAMIFORMES, 
FAMILY TINAMIDAE) 


Biology and Reproduction 


Tinamous are exclusively neotropical, medium-sized, plump, ter- 
restrial but nonetheless flighted birds. As one of the oldest avian 
families in the Nevv VVorld, they are thought to come from the same 
stock as the Struthioniformes. The close relationship between ratites 
and tinamous is reflected in similarities in bone structures (especially 
the palate), eggshell structure, and thermoregulatory and metabolic 
physiology. The subfamily Tinaminae (forest tinamous) includes 29 
species, which are primarily found in tropical and subtropical forests 
and are differentiated from the second subfamily Rhynchotinae 
(steppe tinamous, 18 grassland species) by the presence of nostrils 
in the distal half of the bill. Tinamous are shy and elusive birds and 
good runners when startled. Their diet is extremely variable and 
opportunistic, including plant material (fruit, seeds, leaves, flowers, 
roots), invertebrates, and small vertebrates. Forest dwelling species 
generally have a larger part of fruit in their diet, whereas grassland 
species take a greater proportion of seeds.” 

During breeding season, males attract several females to lay eggs 
in a communal nest on the ground. The male solely takes care of 
incubation and rearing of the chicks. Tinamous eggs are elliptical to 
spherical, shiny, and uniformly but brightly colored in varying 
colors, depending on the species. Clutches contain up to 16 eggs, 
and incubation is relatively short (16-20 days). The precocial chicks 
become independent from the males care within 10 to 20 days, and 
sexual maturity is reached at approximately 1 year of age.” 


Anatomy 


The external appearance of tinamous closely resembles that of Old 
World partridges or pheasants, reaching 15 to 50 centimeters (cm) 
in height and 50 to 1800 grams (g) in weight, depending on the 
species. Similarly, the wings are small in relation to the plump body. 
The tail is rudimentary and useless for steering, so flight cannot be 
kept up for long distances and does not appear particularly coordi- 
nated. Tinamous feathers have a unique structure, with the barbules 
being joined together in a solid mass and producing a whistling noise 
during flight. Feathers on the back and rump are easily shed as a 
defensive measure. Unlike Struthioniformes, tinamous have highly 
developed powder-downs for waterproofing the feathers. Females of 
some species are more brightly colored than males and are heavier. 
Tinamous have three forward facing toes and one absent or rudi- 
mentary hind-toe, and some species may be differentiated by the 
colors of the tarsi." 


Diseases 


Reports on captive and wild tinamid diseases are scarce, with a 
limited number published in Portuguese. The few captive popula- 
tions are mostly in private hands, and veterinary monitoring has 
been poor. A recent health survey in private collections in Brazil 
revealed a small percentage of animals serologically positive to infec- 
tious bursal disease virus.” All animals were serologically negative 
to avian paramyxovirus serotype 1; however, in an experimental 


study, experimental and natural seroconversion was shown. Serology 
results for Mycoplasma gallisepticum and M. synoviae were variable, 
depending on the tests, or negative. Despite serologically positive 
birds for Salmonella pullorum and S. gallinarum, bacteriologic exami- 
nations were negative. Fecal examinations revealed Capillaria spp., 
Eimeria rhynchoti, Strongyloides spp., Ascaridia spp., and unknown 
sporozoa and several louse species that were externally parasitizing 
on the animals. “ 
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Sphenisciformes (Penguins) 


Roberta S. Wallace 


BIOLOGY 


Penguins are llightless pelagic birds that are widely distributed along 
the coastal areas of the southern hemisphere, from cold tolerant 
species inhabiting Antarctica and the subantarctic areas, to temperate 
species found near the equator.” Currently, 6 genera and 18 recog- 
nized species (Table 10-1) exist, with the rockhopper penguin 
(Eudyptes chrysocome) recently being split into two distinct species 
on the basis of morphologic, vocal, and genetic distinctions: the 
northern rockhopper penguin (Eudyptes moseleyi) and the southern 
rockhopper penguin (Eudyptes chrysocome).'’ Penguins are long 
lived, with captive individuals frequently living to be 25 to 30 years 
of age. Age of sexual maturity varies among species but usually 
occurs around 3 to 5 years of age. Penguins are generally monoga- 
mous. Some species mate with one partner each season but change 
partners in successive breeding seasons, whereas other species form 
strong pair bonds that last for the life of the individuals. Occasionally, 
extra-mate pairing occurs. Males and females share the responsibility 
for incubation and chick rearing. Most species have a clutch of two 
eggs and use a variety of nest types: under rocks or bushes, in small 
cavities, or in shallow scrapes. Some build nests out of stones or dig 
deep burrows. Incubation generally lasts 37 to 45 days. Apteno- 
dyptes is the exception, laying only one egg per clutch and incubat- 
ing the egg on its feet for 62 to 67 days.” 


UNIQUE ANATOMY AND 
CLINICAL RELEVANCE 


Penguin species have a very similar body shape that allows for effi- 
cient swimming, diving, and porpoising but vary in height and 
weight. The little blue penguin is the smallest, standing 40 centime- 
ters (cm) tall and weighing about 1 kilogram (kg), whereas the 
emperor penguin is the largest and may reach a height of 130 cm 


and weigh up to 38 kg. Despite the size differences among species, 

all penguins share several unique anatomic features. 

1. The trachea bifurcates at different levels in most penguin species; 
the area of bifurcation may be seen radiographically. Use of an 
endotracheal tube may result in unilateral intubation, but with 
the efficiency of the avian pulmonary-—air sac system, this usually 
does not lead to the problems of hypoventilation or hypo- 
oxygenation seen in mammals. The medial cartilaginous septum 
is easily traumatized, and if the tracheal size diminishes distal to 
the bifurcation, tracheal trauma may occur if an inappropriately 
sized tube is used. 

2. Penguins lack a crop. The large stomach has two distinct cham- 
bers: the proventriculus and the ventriculus. The proventriculus 
stores food to feed chicks. Therefore, before administering oral 
medications, consideration must be given to penguins feeding 
small chicks, as toxic doses of medication may be regurgitated 
to the chick. Foreign objects often settle in the distal aspect 
of the ventriculus and radiographically appear to be in the distal 
intestine near the cloaca. This frequently leads clinicians to erro- 
neously believe that the object is about to pass through on its 
own. Usually, endoscopy or surgery is needed for foreign body 
retrieval. 

3. Feathers are short and dense in number and highly waterproof, 
providing a watertight and highly insulating layer. In preparation 
for surgery, it is easier and less traumatic to the underlying skin 
if the feathers are shaved rather than plucked. The feather shafts 
will fall out, and normal feathers will grow back during the next 
molt. Until that time, heat loss will occur in cold ambient tem- 
peratures and in water, but in captivity, the penguin may com- 
pensate for the loss. In the wild, successful rehabilitation of oiled 
birds requires complete waterproofing before the birds are released 
to prevent debilitating heat loss. 
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TABLE 10-1 
Genus Common Name Scientific Name Population Trend 2012 IUCN Status Estimated Breeding Pairs in Wild 
Aptenodytes Emperor penguin A. forsteri Stable Near threatened 238,000 
Aptenodytes King penguin A. patagonicus Increasing Least concern *2,000,000 
Eudyptes Southern rockhopper E. chrysocome Decreasing Vulnerable 1,230,000 
penguin 
Eudyptes Macaroni penguin E. chrysolophus Decreasing Vulnerable 9,000,000 
Eudyptes Northern rockhopper E. moseleyi Decreasing Endangered 265,000 
penguin 
Eudyptes Fiordland penguin E. pachyrhynchus Decreasing Vulnerable 5,000-6,000 
Eudyptes Snares penguin E. robustus Stable Vulnerable 31,000 
Eudyptes Royal penguin E. schlegeli Stable Vulnerable 850,000 
Eudyptes Erect-crested penguin E. sclateri Decreasing Endangered 67,000 
Eudyptula Little penguin (Fairy or E. minor Decreasing Least concern <1,000,000 
Blue penguin) 
Megadyptes Yellow-eyed penguin M. antipodes Decreasing Endangered 3500 
Pygoscelis Adélie penguin P. adeliae Increasing Near threatened 2,370,000 
Pygoscelis Chinstrap penguin P. antarcticus Increasing Least concern 9,000,000 
Pygoscelis Gentoo penguin P. papua Decreasing Near threatened 387,000 
Spheniscus African penguin S. demersus Decreasing Endangered 26,000 
Spheniscus Humboldt penguin S. humboldti Decreasing Vulnerable 145,000 (all ages) 
Spheniscus Magellanic penguin S. magellanicus Decreasing Near threatened 1,300,000 
Spheniscus Galápagos penguin S. mendiculus Decreasing Endangered 600 


“İnternational Penguin Conservation Working Group (www.penguins.cr). 
tWallace, unpublished data. 


From International Union for Conservation of Nature, 2012: Red List of Threatened Species Version 2012.2: www.iucnredlist.org. Accessed December 


24, 2012. 


4. Penguin bones are not pneumatic and are much denser than in 
other species of birds; therefore, intraosseous catheterization for 
administration of fluids may be quite difficult. 

5. Countercurrent heat exchange mechanisms are well developed in 
the feet and flippers to aid in thermoregulation. This, along with 
the insulation provided by feathers, may lead to hyperthermia 
during anesthetic procedures, especially in the Antarctic and sub- 
antarctic species. Ice packs placed on the feet and flippers will 
help prevent hyperthermia. 

6. Daily activities of penguins have both aquatic and terrestrial com- 
ponents. The visual system has anatomic features that allow pen- 
guins to have normal sight in either environment. Although the 
corneal shape is flatter than in mammals, the ultrastructure is 
similar.”” The nictitating membrane is transparent to allow normal 
vision while providing protection to the cornea when the penguin 
is under water. When performing ocular surgery, the nictitating 
membrane must be identified and retracted to avoid accidental 
incision. 

7. Salt glands in the orbital region handle the excess salt in a marine 
environment. The glands will atrophy in captive penguins main- 
tained in a fresh water environment unless supplemental salt is 
provided. However, studies have shown that atrophied glands will 
become functional rapidly if exposed to a saline environment.”” 


IDENTIFICATION METHODS 


The use of flipper bands in the wild is controversial.”” However, 
most institutions successfully use flipper bands on captive penguins. 
Color cable ties and metal or silicone flipper bands may be used. 
Bands should be tightened to the point where a finger may be slipped 
between the band and the flipper. As cable ties may continue to 


ighten after application, the fastener should be glued so that it does 
not slip and impede blood circulation to the flipper. During molt, 
flippers swell, potentially restricting circulation. Band tightness must 
be monitored and bands replaced with looser bands, if needed. Small 
metal rings may be placed in the interdigital webbing of the foot. 
Microchips may be placed subcutaneously in the loose skin of the 
back of the neck, on top of the head, or in the fleshy part of the foot 
in the front of the tarsus. Chicks weighing as little as 500 grams (g) 
may be microchipped. For smaller collections, identification of 
adults may be done on the basis of photographs of spot patterns of 
he breast feathers after molt into adult plumage.”* 


SEXING 


Penguin species are only subtly dimorphic, males generally being 
slightly larger with bigger and thicker bills, but overlap in size exists 
between sexes. Although research on morphometrics has been pub- 
lished, it is unreliable for captive Humboldt penguins and thus might 
be expected to be unreliable for other penguin species. DNA (deoxy- 
ribonucleic acid) sexing from feather, blood, or egg membranes is 
highly reliable and is the recommended method for sexing 
penguins.”* 


SPECIAL HOUSING REQUIREMENTS 


To successfully manage penguins in captivity, exhibits must be 
designed to meet the physical, behavioral, and psychological needs 
of the species. As colony birds, penguins should not be housed alone, 
and the AZA Penguin Taxonomic Advisory Group (TAG) recom- 
mends a minimum of 10 birds. Air and water quality, lighting, and 
type of substrate must be considered for optimal health as well as 
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protection from land and air predators. The various penguin species 
have widely differing environmental requirements, and it must be 
ensured that in a mixed species exhibit, penguins with similar 
requirements are housed together. Indoor exhibits are generally pre- 
erred to facilitate control of air and water temperatures for the 
various species, decrease exposure to disease vectors, and provide 
protection from predators. Aptenodyptes, Pygoscelis, Eudyptes, and 
Megadyptes species are best kept indoors under refrigerated condi- 
ions (<9° C). Temperate climate species are often exhibited outdoors 
and may tolerate temperature ranges from freezing to 30°C. In cold 
climates, pools should be prevented from freezing, and penguins 
should have access to shelters with supplemental heat. Misters may 
be used during warm weather to aid in cooling the birds. An indoor 
area with climate control capability should be available for protection 
rom extreme heat and humidity and for nesting. Mosquitoes are the 
vectors for several diseases in penguins (see list below); therefore, 
mosquito control is paramount for penguins housed outdoors. This 
includes removing standing water on a weekly basis; applying larvi- 
cide to standing water that cannot be removed, including any drains 
in the penguins’ indoor and outdoor enclosures; and minimizing 
oliage near animal exhibits. Exposure to mosquitoes may be reduced 
by bringing the penguins indoors during peak mosquito hours (dusk 
o dawn), ensuring that door sweeps and screens are in good condi- 
ion, placing screens over intake fans, and providing fans, wherever 
possible, to keep the air moving to discourage mosquitoes.** 
The AZA Penguin TAG recommends minimum land and water 
surface areas for exhibition and holding. Additional space should be 
provided to allow for a full range of species-appropriate behaviors, 
including nesting (species other than Aptenodytes). For king and 
emperor penguins, the minimum land and water surface areas for 
exhibit and holding are 18 square feet for the first six birds and 
9 square feet for each additional bird, with a minimum pool depth 
of 4 feet. For all other species of penguins, the recommendations 
are 8 square feet for the first six birds, 4 square feet for each 
additional bird, and a minimum pool depth of 2 feet. Ideally, larger 
water areas should be provided to encourage swimming to help 
prevent obesity and pododermatitis. A separate holding area should 
be provided for birds with behavioral problems or noncontagious 
health problems that require separation from the flock. Quarantine 
facilities with separate air and water systems should be available for 
newly acquired birds or birds with infectious diseases. Water may 
be either fresh water or salt water, and recent studies show that salt 
supplementation is not needed for penguins in fresh water exhibits. 
Water cleanliness and clarity may be maintained with the use of sand 
and gravel filters, judicious addition of chlorine to keep coliform 
counts to a minimum, and surface skimmers to remove excess fish 
oil and debris from the surface of the water. Lighting indoor exhibits 
should mimic the natural light cycle with gradual increasing and 
decreasing of daylight hours. Inappropriate lighting may lead to poor 
molt cycles and decreased reproductive success.** Spheniscid species 
enjoy climbing, so exhibits designed to allow climbing provide 
enrichment. 


FEEDING AND NUTRITION 


In the wild, penguins feed on pelagic schooling fish species, squid, 
and crustaceans (mostly euphasid species). Food consumed varies 
with availability and season. In captivity, the type of prey items fed 
by a given institution is often limited and dictated by cost and avail- 
ability from commercial fisheries. Feeding several different types of 
whole prey is recommended to provide a complete nutrient profile 
and so that the birds do not “imprint” on one item to the exclusion 
of others. In most cases, the prey items are frozen. Fish should be 
individually quick frozen (IQF) instead of in large blocks, stored at 
—18? to —30° C, and used within 4 to 6 months to ensure optimal 
nutritional quality. Institutions should consider whether the food 
items used are being harvested in an ecologically sustainable 
fashion. ” If appropriate species of prey are unavailable or the condi- 
tion of the fish is less than ideal, three types of a nutritionally 


complete powder (reconstituted into a gel) are commercially avail- 
able as substitutes for low-fat fish, high-fat fish, or squid and crus- 
tacean diets. 

The size of the fish must be appropriate for the species. If an item 
must be cut because it is too large, all portions should be fed to 
ensure ingestion of the entire nutrient supply of the item. To prevent 
bacterial growth, food should be thawed in a refrigerator in clean 
containers, then kept refrigerated or on ice until the time of feeding. 
Using running water for thawing may wash away many of the water- 
soluble nutrients, but in some institutions, the fish is quickly rinsed 
in cold water just prior to feeding to remove any surface contami- 
nants. Extensive vitamin supplementation is not needed if penguins 
are fed good-quality whole-food items thawed appropriately. Recom- 
mendations are limited to vitamin E at 100 international units per 
kilogram (IU/kg) and thiamine at 25 to 30 milligrams per kilogram 
(mg/kg) of diet fed on a wet weight basis. Supplements should be 
added to the fish immediately before feeding to prevent breakdown 
by the enzymes and oxidants in the fish. Salt supplementation is not 
needed." 

Most institutions hand-feed individual penguins, especially if 
hey are receiving medication or vitamin supplements. Complete 
hand-feeding may cause penguins to become lazy and develop poor 
swimming habits; therefore, some pool feeding is recommended, but 
eeding must be observed to ensure that all individuals are eating 
enough. Penguins may consume up to 20% of their body weight 
daily, with increased consumption during the few weeks prior to 
molt, and during chick rearing. Consumption usually decreases dras- 
ically during molt with frequent skipped feedings. Penguins may 
gain more than 25% of their body weight prior to molt and then 
rapidly return to premolt weight or slightly below by the end of 
molt. 


RESTRAINT AND ANESTHESIA 


Penguins are sturdy and may tolerate handling for minimally inva- 
sive procedures. Several different methods exist for capturing the 
animal, with initial restraint often done by grabbing the back of 
the head or very high on the neck and then lifting and supporting 
he belly with the other hand. Grabbing penguins by the flippers 
should be avoided, since the flippers may dislocate or fracture. Two 
people should work together when capturing and restraining king 
and emperor penguins. People capturing the birds should wear eye 
protection, especially with king penguins. Once the bird has been 
secured, a black bag may be placed over its head with the beak and 
nares exposed. Noninvasive procedures may require only minimal 
restraint. Stronger restraint is needed for procedures that require the 
bird to be immobile. One method involves placing the penguin 
between the handlers legs such that the flippers are held secure. In 
his way, the handlers hands are free to restrain and position the 
head and neck to facilitate procedures such as blood collection 
or banding. With king and emperor penguins, a second person may 
be needed to avoid injury to the bird or handlers. Other methods 
of restraint include using large diameter PVC pipes or traffic cones 
o secure the bird. Air kennel or large tubs may be used for 
Transport. 

Animals should be fasted 18 to 24 hours prior to anesthesia to 
prevent regurgitation and aspiration of gastric contents. Isoflurane 
or sevoflurane are the most commonly used gas anesthetics. A facial 
cone is used for induction, with subsequent intubation, if desired. 
Shallow breathing or breath holding (dive reflex) may occur, result- 
ing in a chronic excitement phase and swimming-like behavior. 
Assisted ventilation two to three times per minute may achieve a 
smoother plane of anesthesia. Midazolam given intramuscularly or 
intranasally may be used for sedation for minor procedures or to 
reduce the stress of handling. Sedation may then be reversed 
with flumazenil. Ketamine or diazepam given intramuscularly for 
induction has been recommended over isoflurane for Little (Fairy 
or Blue) penguins (Eudyptula minor) because of the fragile 
nature of this species and its tendency to traumatize itself during 


anesthetic induction with isoflurane. However, recovery is pro- 
longed compared with using isoflurane alone. If cold climate species 
are anesthetized for extended periods, ice, ice packs, or other ways 
to prevent hyperthermia should be used during the anesthetic 
procedure. 


BLOOD SAMPLE COLLECTION 


Blood may be collected from a variety of sites, including the jugular, 
medial metatarsal, interdigital, and brachial veins (the brachial vein 
is also a good site for intravenous [IV] catheterization). Blood may 
also be collected from a venous sinus located on the dorsal aspect 
of the vertebral column at the base of the tail. The amount of blood 
hat may be removed follows normal avian standards of no more 
han 1% of body weight. Each institution should establish its own 
set of normal blood parameters for every species maintained. If no 
institutional norms exist, the International Species Information 
System has norms for most species. Otherwise, zoos that have the 
penguin species in question may be contacted. As Galapagos pen- 
guins are rarely kept in captivity, values for this species are not 
readily available, but values obtained from the wild population have 
been published.” Postprandial increases in uric acid occur; there- 
fore, penguins should be fasted for accurate uric acid assessment.” 
Both egg-laying and molt may have a temporary effect on specific 
blood chemistry values.” As with other avian species, increases in 
cholesterol, calcium, phosphorus, and occasionally alkaline phos- 
phatase are often seen in reproductively active females.*! 


SURGERY 


Surgery has been successfully performed on a variety of penguin 
species. It is important to remember to keep Antarctic and subant- 
arctic species cool during surgery. Standard surgical technique is 
employed. Intubation, standard patient monitoring, and fluid 
administration are generally easy to perform. Birds should be kept 
out of the water until the skin incision has healed. 


BLOOD TRANSFUSIONS 


Blood transfusions may be performed when birds are severely anemic 
from malaria, blood loss, or clotting disorders. Transfusions may 


TABLE 10-2 
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stabilize a bird until a diagnosis is made and treatment initiated, and 
is indicated when the packed cell volume (PCV) drops rapidly into 
he teens or lower and does not stabilize. If the PCV stabilizes, pen- 
guins generally have a good bone marrow response, if not debilitated 
by concurrent disease or old age, and generally respond well to sup- 
portive care alone (fluids, oral or injectable iron supplementation, 
oxygen and B-vitamins). In malarial birds with a stable PCV in the 
eens, transfusion appears to shorten the convalescent time until the 
reatment with chloroquine or primaquine takes effect. Homologous 
transfusions are preferred, since the blood cells probably remain in 
the recipients circulation longer. Instructions for transfusion may be 
found in the Penguin Husbandry Manual.”* 


BACTERIAL AND FUNGAL DISEASES 


Penguins are susceptible to a variety of bacterial diseases, including 
outbreaks caused by Erysipelothrix,* mycobacteria,”” Edwardsiella,”’ 
Plesiomonas/” and Chlamydophila.'* Although few pharmacokinetic 
studies exist,” various antibiotics have been used successfully in 
penguins (Table 10-2). The diagnosis of Chlamydophila in live birds 
is complicated by confusion with regard to the testing methods of 
various laboratories and how to interpret test results to determine 
whether illness is caused by active infection. A thorough understand- 
ing of the latest diagnostic techniques, what each test result signifies, 
and its validity in penguins is needed. Doxycycline is the drug of 
choice for treatment. C. psittaci is a zoonotic disease, and risk of 
transmission to the public or to the animal care staff is real. Affected 
birds or flocks should be quarantined to protect other collection 
birds as well as the staff. Persons working with ill birds should wear 
protective clothing, including N-95 masks. 

The primary fungal disease causing illness in penguins is aspergil- 
losis. The causative agent is Aspergillus spp., typically A. fumigatus. 
The organism is ubiquitous in the outdoor environment and is often 
found in indoor exhibits. It may exist at low levels without causing 
problems in healthy and well-adapted penguins. Disease frequently 
occurs in stressed or debilitated animals. Stressors associated with 
aspergillosis include substandard air quality, poor ventilation, ele- 
vated ammonia levels, overcrowding, excessive environmental heat 
or cold, and social incompatibility. Historically, many severe out- 
breaks of aspergillosis have occurred after major environmental 
changes, especially those involved with social factors such as 


Generic Name Route of Administration Dosage Comments 

Itraconazole PO 5-10 mg BID Until signs resolve; manufacturer's product 
(not generic) must be used 

Voriconazole PO 10 mg/kg BID Until signs resolve 

Terbinafine PO 15 mg/kg q24h Can combine with itraconazole 

Clotrimazole Nebulize 1% solution 15 minutes BID Until signs resolve 

Amphotericin B Nebulize 0.3-1 mg/mL of saline 15 minutes BID Until signs resolve 

Amphotericin B IV 1.5 mg/kg BID-TID 3-5 days 

Enrofloxacin PO, IM 15 mg/kg BID 2-4 weeks 

Trimethoprim sulfa PO 50-100 mg/kg q12h 7-10 days 

Cephalexin PO 50-75 mg/kg BID 10-21 days 

Clindamycin PO 75 mg/kg BID 10-14 days 

Ivermectin PO, SO 0.2-0.4 mg/kg Repeat in 7-14 days, if needed 

Praziquantel PO, IM, SQ 15-20 mg/kg Use the higher doses orally, repeat in 2 vveeks 

Fenbendazole PO 20-50 mg/kg x3 days Repeat in 2 vveeks 


bid, Twice daily; IM, intramuscular; IV, intravenous; mg/kg, milligram per kilogram; PO, oral, q72h, every 12 hours, q24h, every 24 hours, SQ, subcutane- 


ous; TID, three times daily. 
Note: For antimalarial drug treatments, see individual disease vvriteup. 
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introduction to a new social group, or inappropriate, prolonged, or 
stressful relocation. Exposure to new Aspergillus species may occur 
via new substrate or change in location. Construction in the area of 
he exhibit may increase exposure to fungal spores. 

Signs are often nonspecific, and early diagnosis is difficult. Signs 
include open-mouth breathing, coughing, altered vocalization, inap- 
petence, weight loss, lethargy, weakness, and self-isolation. A com- 
plete blood cell count (CBC) may show a moderate to marked 
eukocytosis with monocytosis, and changes in the protein electro- 
phoretic pattern compatible with chronic inflammation may be 
present. Serologic titers to Aspergillus may be useful, but it is difficult 
o differentiate an acute infection from previous exposure. Fungal 
cultures of the throat, trachea, or air sacs may grow the causative 
agent. Radiography, fluoroscopy, or computed tomography (CT) is 
helpful in identifying pulmonary or air sac granulomas or general 
cloudiness of air sac or lung fields. 

Success of treatment depends on the stage and severity of disease 
when diagnosed. Antifungal drugs may be given systemically (orally 
or intravenously), by nebulization, or intratracheally. Treatment is 
ypically long term, frustrating, and often unsuccessful if begun in 
he later stages of disease. Several drugs have been used (see Table 
10-2), but, again, few pharmacokinetic studies in penguins have 
been done.*”! If itraconazole is used, the manufacturer product, not 
he generic form, must be used.”. Supportive care may include fluids 
given by gavage, subcutaneously, or intravenously and fish gruel by 
gavage. For indoor exhibits, maintaining good air quality is crucial 
or disease prevention. If the air filtration system in a penguin exhibit 
is shut down, it is recommended that the system run for at least a 
week after it is restarted before putting penguins back into the 
exhibit. Air cultures and disinfection for Aspergillus sp. should be 
aken at this time. Regular fungal air cultures may be taken from the 
exhibit area to monitor levels of Aspergillus. Prophylactic antifungal 
drugs, typically 10 mg/kg itraconazole given orally once a day 
should be administered when shipping, relocating, or introducing 
new birds to an exhibit. It is crucial to avoid shipping or relocating 
penguins during molt (including the premolt and immediate post- 
molt periods).** 


PARASITIC DISEASES 


Malaria is the most significant parasitic disease in captive penguins 
housed outdoors. Malaria is caused by a blood parasite carried by 
mosquitoes, biting flies, or both. The causative agent is a Plasmodium 
organism, usually P relictum or occasionally P elongatum. Wild birds 
serve as reservoir hosts. Most cases of penguin malaria occur in 
animals that are currently or have historically been housed outside. 
Penguins of all ages may be clinically affected, but susceptibility is 
highest during first exposure; therefore, chicks and juvenile birds, 
naive adults previously housed indoors, or those that have been 
transported from areas with low mosquito or malaria problems are 
at higher risk of disease. The mortality rate from novel malaria infec- 
tion is high, and stressors such as molt, chick rearing, or poor 
husbandry may increase mortality. Blood samples may be collected 
every 2 weeks from birds considered at high risk and stained smears 
of the blood checked for the presence of malarial organisms. Unfor- 
tunately, this test is not very sensitive, as malarial organisms are 
often visible only after the onset of severe clinical signs or during 
necropsy when organisms may be seen in blood smears or splenic 
impressions.” 

A serologic test has been validated for black-footed penguins 
(Spheniscus demersus) and may be useful for other Spheniscid species.” 
Research is underway to try to detect malarial organisms in blood 
using polymerase chain reaction (PCR) techniques, but accurate tests 
have yet to be developed. 

Clinical signs for malaria may vary and range from acute death 
with or without dyspnea to lethargy, inappetence, pale mucous mem- 
branes (from anemia), and behavioral separation from the group. 

Malarial infection has both tissue and blood phases, and treat- 
ment targets both phases. Standard treatment is with 5 mg/kg 


chloroquine every 12 hours for four doses, or four doses of meflo- 
quine at 0, 12, 24, and 48 hours.” Concurrent treatment with 
primaquine for 10 to 14 days is needed to treat exo-erythrocytic 
forms. Prophylaxis during the mosquito season (potentially year 
round in some locations) may be attained using 1.25 mg/kg prima- 
quine daily or mefloquine 30 mg/kg once a week if primaquine is 
not available. A compounded capsule containing 125 mg sulfadia- 
zine, 4 mg pyrimethamine, and 0.4 mg folic acid administered every 
other day to penguins weighing 3 to 5 kg has also been used for 
prophylaxis. Pyrimethamine is a folic acid inhibitor and is terato- 
genic and may cause fetal malformations if given to laying females. 
Doxycycline is used in humans for both treatment and prevention 
of malaria, but to date, no studies have been published indicating 
dose or efficacy in birds. Administration of any prophylactic treat- 
ment is risky in adults that are feeding chicks, as the parent may 
regurgitate the medication to a small chick. Discontinuing treatment 
or a week or two while the chick is small should be considered. 
Then treatment may be restarted first in the parent that is less 
involved in feeding the chick. If using the every-other-day therapy, 
he parents should be treated on alternate days to minimize the 
chance that the chick might receive two doses in a day. 

Deaths from toxoplasmosis have occurred in black-footed 
penguin chicks exposed to cat feces.” Signs were primarily neuro- 
logic, with death occurring within 24 hours. Aside from the direct 
threat of predation that cats may pose to penguins, Toxoplasma 
oocysts transmitted from infected cat feces pose a risk; therefore, 
penguin exhibits should be secured to prevent entry by domestic 
cats. 


VIRAL DISEASES 


A number of viruses may cause encephalitis in birds. Disease spread 
is usually through the bite of an infected mosquito, and wild birds 
may act as reservoirs for the virus. Some evidence suggests that 
bird-to-bird transmission occurs via semen and other infected 
bodily fluids. Diseases relevant to penguins include eastern equine 
encephalitis (EEE) and West Nile virus (WNV). Both EEE and WNV 
have been reported in Spheniscid penguins, and these penguins may 
have high rates of morbidity and mortality in response to these 
diseases. .” 
VVNV is caused by a flavivirus. Species susceptibility to severe 
morbidity and mortality varies widely, with penguins being one of 
the more highly susceptible avian groups (see Chapter 77). Birds that 
survive infections are assumed to have some latent immunity to 
reinfection, but it is not known how long this immunity lasts. Acute 
death may occur vvith fevv premonitory signs, or death may occur 
vvithin 3 to 4 days. Clinical signs, vvhen present, include anorexia, 
weakness (lying down frequently), and vomiting, with inability to 
retain even small amounts of water or oral electrolyte solutions. 
Dyspnea from excessive mucoid tracheal or pulmonary secretion 
may occur. In Humboldt penguins, neurologic abnormalities are not 
common. No specific treatment exists for this disease; therapy is 
limited to supportive care. With supportive care, the course of the 
disease may be protracted, with death occurring after a couple of 
weeks. Recovery may be prolonged in those animals that survive, 
with weakness and decreased appetite lasting for several weeks. 
Antifungal or antibacterial therapy may be given, as needed, for 
secondary infections. Oral supplementation of fluids or gruel is not 
recommended until the penguin’s condition has stabilized, as sick 
birds tend to vomit. Virus may be shed in the respiratory secretions, 
and horizontal transmission of the virus to humans from avian 
species has been documented.’ Therefore, WNV should be consid- 
ered a zoonotic disease, and appropriate protective clothing should 
be worn when working around infected birds. 
Vaccination is recommended for susceptible species. At this time, 
no vaccines produced specifically for birds are commercially avail- 
able. Two vaccines developed for horses have been used. Innovator 
Pfizer) is a killed vaccine. Its efficacy, as measured by serologic titers, 
differs in different avian species. Recommendations are to vaccinate 


o 


susceptible birds three times at 3- to 4-week intervals and then 
annually 1 month prior to the mosquito season.’* Recombitek 
(Merial) is a live recombinant canarypox vaccine. Anecdotal reports 
of this being used exist, but efficacy is currently unknown. 

EEE is caused by an alphavirus. This disease was reported in a 
group of African penguins housed outdoors.** Common signs 
included acute anorexia, lethargy, intermittent vomiting, bile-stained 
diarrhea, and self-isolation. Ataxia developed after 3 to 4 days, pro- 
gressing to recumbency and seizures in about 25% of affected pen- 
guins. Signs in less severely affected penguins began to resolve in 6 
to 9 days but only after 14 days in more severely affected penguins. 
A hemagglutinin inhibition test for titers to the EEE virus may 
confirm exposure to the disease, and although no reference limits 
for penguins exist, a rising titer in samples taken 2 to 4 weeks apart 
suggests true infection. No specific treatment is available, and 
therapy is limited to supportive care, including anticonvulsants to 
control seizures. Antifungal or antibacterial therapy should be pro- 
vided, as needed, for secondary infections. A killed vaccine against 
EEE is available for horses, and although the required dose and 
efficacy for penguins has not been determined, some institutions in 
EEE-endemic areas have opted to use this vaccine. 
Avian pox has occurred in both captive and wild penguin popula- 
tions.'® Both diphtheritic and cutaneous forms may manifest. Cur- 
rently no treatment exists, and supportive care must be provided 
while the disease runs its course, usually lasting 2 to 3 weeks. The 
virus may survive for prolonged periods in the scabs or other dried 
secretions, so meticulous disinfection of any areas where ill animals 
were housed is necessary to prevent transmission. 


NONINFECTIOUS DISEASES 


Pododermatitis (bumblefoot) continues to cause problems in captive 
penguins. Factors associated with pododermatitis include decreased 
swimming (sedentary behaviors) and prolonged standing on hard, 
abrasive surfaces or on surfaces with excessive moisture or fecal 
contamination. The original lesion may result from a puncture 
wound or soft tissue damage caused by pressure necrosis. Once the 
epithelium is compromised, secondary bacterial invasion may occur, 
resulting in deep soft tissue infections. If left untreated, severe com- 
plications, including mineralized soft tissue and osteomyelitis, may 
occur. Therapy should be aimed at protecting the foot from further 
damage, instituting local and systematic treatment of the lesion, and 
altering the environment to prevent future occurrences, for example, 
improving hygiene and changing to an appropriate substrate or floor- 
ing. Treatments that have been used include systemic antibiotics; 
ocal antibiotics with or without dimethyl sulfoxide (DMSO); topical 
ointment; surgical debridement; cryotherapy; and chronic bandaging 
in conjunction with various salves and ointments, accompanied by 
intermittent debridement of devitalized tissue. Often initial improve- 
ment is seen, but the condition tends to recur once therapy is dis- 
continued. When bandaging, it is helpful to provide padding to 
minimize pressure on the wound site. Gauze, waterproof cast 
padding, and booties made from soft material have all been used. 
Healing efficiency may be improved with proper debridement and 
he use of hydroactive dressings. Booties may be made from neo- 
prene dive suits or are commercially available in various sizes. Pre- 
vention is key, as treatment is typically long term and frustrating. 
Penguins should be encouraged to swim, and appropriate substrate 
free of standing contaminated water should be provided. Anecdotal 
evidence suggests that allowing birds with bandages to swim in salt 
water may promote healing. 

Preen gland infections have been reported in penguins.” The 
specific etiology is unknown, but predisposing factors include sed- 
entary birds with decreased swimming patterns, nonpreening birds 
that do not molt regularly, and nutritional deficiencies. Early diag- 
nosis and treatment may prevent impaction. In birds that do not 
respond to symptomatic or antibiotic therapy, surgical removal may 
be needed to avoid rupture and secondary septicemia. Encouraging 
swimming, particularly with nesting birds, may be beneficial. If birds 
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are temporarily housed without a pool, daily showers may stimulate 
preening. 

Gastrointestinal foreign bodies may cause significant morbidity 
and death.” Young penguins and nesting females, in particular, will 
investigate small and novel items and may ingest them. Ingested 
items have included nesting material, bristles from cleaning brushes, 
coins, lead pellets, and molted tail feather shafts. When metal objects 
are ingested, zinc, lead, and other heavy metal toxicities are possible. 
Although penguins regurgitate easily, foreign objects usually remain 
in the stomach and tend not to pass into the intestinal tract. Treat- 
ment is usually by endoscopic or, less frequently, surgical removal. 

Pathology of the reproductive system is uncommon in penguins, 
although salpingitis, egg binding, and cloacal prolapse occur. Treat- 
ment for egg binding is similar to that in other avian species. Birds 
may benefit from calcium supplementation. Manual extraction of the 
egg is preferable, but surgical removal of the egg may be required. 
Removal of the entire oviduct may be necessary if egg retention leads 
to oviductal rupture or necrosis. The toxic effects of lead and zinc 
on the smooth muscle of the uterus and oviduct may predispose to 
egg retention. 

Various neoplasms have been reported in penguins including T-cell 
lymphoma,” melanoma,” carcinomas, ””” and adenocarcinomas. ” 

Nutritional disorders may occur with poor-quality or improperly 
handled fish. Thiamine deficiency occurs when fish quality is com- 
promised. Incoordination and “stargazing” are occasionally reported 
as clinical symptoms. Differential diagnoses for nonspecific signs of 
central nervous system involvement include viral, parasitic, or bacte- 
rial encephalitis; fungal granuloma; sepsis; and tumors. Metabolic 
bone disease has been reported in several hand-raised penguin 
chicks.' Poisoning by domoic acid was reported to cause the total 
oss of a rockhopper penguin collection.” Exposure came from 
ingesting fish contaminated by the algal toxin. Consideration should 
be given to the source of the fish (caught in shallow versus deep 
water) fed to penguins. 


CONSERVATION 


The conservation status of the penguin species is given in Table 10-1. 
Many populations have declined rapidly in the last 70 years, although 
for a few species the numbers are stable or increasing, with expand- 
ing ranges. ° Reclassification of the rockhopper penguin from one to 
two distinct species has conservation implications, since the north- 
ern population is smaller and more fragmented compared with the 
southern population. Many penguin species live in rather inacces- 
sible areas without direct daily contact with humans, but nonetheless 
human activities affect these populations. Threats include climate 
change or El Niño, overfishing, entanglement in fishing nets, habitat 
loss and destruction, predation, and human disturbance. Oiling has 
caused significant deaths in some species.’ Various conservation 
measures have been undertaken to protect specific penguin popula- 
tions, and these include establishment of natural reserves, some of 
which include no-fishing areas in the water adjacent to these reserves, 
providing barriers to protect colonies from predators, observation 
and monitoring of guano harvesting to minimize poaching and dis- 
ruption of nesting areas, temporary relocation of entire colonies to 
prevent oiling, and controlled access and viewing by ecotourists. 
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Gaviilormes, Podicipediformes, and 
Procellariformes (Loons, Grebes, 
Petrels, and Albatrosses) 


Luis R. Padilla 


GENERAL BIOLOGY 


The three orders included in this chapter comprise a taxonomically 
diverse group of aquatic birds that are rarely kept in captivity. Despite 
some similarities in lifestyle and natural history, the three orders are 
not taxonomically related to each other. The Gaviiformes (loons) 
share many traits with the Podicipediformes (grebes) and were once 
believed to be related to each other, but they are considered examples 
of convergent evolution and not taxonomic relatedness. 

Podicipediformes are considered a primitive, distinct lineage of 
birds with no close relatives, but the Phoenicopteres (flamingoes) 
may be their nearest taxonomic relatives. The Procellariformes, 
which includes the albatrosses, petrels, shearwaters, storm petrels, 
and diving petrels, may be a sister group to the Spheniciformes 
(penguins). Table 11-1 summarizes the general biologic features of 
the families in these three orders, and Table 11-2 summarizes select 
species information. 

The Order Podicipediformes is limited to one extant family (Podi- 
cipedidae), which includes all the grebes. Approximately 22 species 
of grebes are recognized worldwide, classified in six genera. Grebes 
are small- to medium-sized, heavy-bodied birds with long necks and 
feet set far back on the body. They have an almost exclusive aquatic 
lifestyle and are limited in mobility when on land. Grebes inhabit 
freshwater and inland wetland habitats, although some species over- 
winter in salt water and may be migratory. Some species congregate 
in flocks of hundreds to thousands of birds and may migrate en 
masse, but most species are solitary or found in small groups. On 
average, male grebes are larger than females. Most species exhibit 
seasonally dichromatic plumage, and molt occurs on nonbreeding 
grounds. Grebes forage by diving for prey and are highly adapted 
divers and agile swimmers. 

Members of the Order Gaviiformes, commonly known as loons 
or divers, are limited to one genus (Gavia) in one family (Gaviidae). 
There are five recognized species of loons worldwide. The term 
“loon” is used in North America and is synonymous with “diver” in 
the Old World. Loons are geographically limited to the Northern 
hemisphere (North America and Eurasia). Loons are long and heavy- 
bodied birds with webbed feet set far back on the body. Like the 
grebes, their lifestyle is almost exclusively aquatic, and they may 
have limited mobility on land. Breeding occurs near fresh water, but 
birds overwinter in marine environments and are migratory. 

The Order Procellariformes includes the albatrosses, molly- 
mawks, petrels, storm petrels, shearwaters, and diving petrels. Con- 
siderable size diversity exists within this order—from the small 
storm petrels that weigh 25 grams (g) as adults, to the albatrosses 
that exceed 10 kg and are among the largest birds capable of flight. 
The order is composed of four families: (1) Diomedeidea (albatrosses 
and mollymawks), (2) Procellaridae (petrels and shearwaters), (3) 
Hydrobatidae (storm petrels), and (4) Pelecanoidea (diving petrels). 
On the basis of recent molecular data, the Pelecanoidea, which con- 
sists of only one genus, should be classified as a subfamily within 
the Procellaridae. 

Procellariformes are oceanic, pelagic species that spend very 
limited time on land except during nesting or breeding season. They 


are highly migratory, skilled long-distance fliers who may also be 
good swimmers. These birds rely on dynamic soaring and slope 
soaring to cover long distances in flight while conserving energy, 
and this is particularly true of the larger-bodied albatross species. 
Long distance migrations, sometimes for hundreds and thousands 
of miles, are essential for foraging on specialized diets in specific 
foraging grounds. Procellariformes are present throughout the world, 
but a distinct predominance of species exists in the Southern 
Hemisphere. 

The Family Diomedeidae, which includes the albatrosses and 
mollymawks, comprises entirely pelagic oceanic species. Molly- 
mawks are medium-sized albatrosses limited to southern oceans. 
The taxonomy of this family has undergone frequent revisions and 
has been the source of ongoing debate. As many as four genera have 
been proposed, with at least two being widely accepted. The number 
of distinct species ranges from 13 to 24, depending on taxonomic 
revisions. The greatest diversity of species occurs in the Southern 
Hemisphere. It has been hypothesized that the calmer winds found 
in the doldrums of the equator pose a geographic barrier to the 
northern dispersal of the albatross species. Many of the albatross 
species are threatened or at risk of extinction. 

The albatrosses have the largest wingspans of any bird and may 
measure over 11 feet in some species, although the wing profile is 
only obvious in flight. The majority of flight is energy-efficient 
gliding, relying on wind speed. During calm wind conditions, alba- 
trosses often choose to sit on the water. The family is extremely 
colonial, and birds nest in remote, isolated islands, with pairs that 
remain together for life. Birds feed by floating on the water surface 
and picking the prey around them. 

The Family Procellaridae encompasses the petrels, shearwaters, 
and fulmars and includes a large number of small pelagic birds with 
drab plumage, which only come to shore during the breeding season. 
Most species migrate over long distances. Although found in all 
oceans, species diversity peaks in the Southern Hemisphere. The 
taxonomy of the Procellaridae is in a constant state of revision, with 
differences in opinion on numbers of distinct species (70-80) and 
genera (12-14). The Procellaridae have stout bodies with short 
tails, webbed feet, and monochromatic plumage that varies on the 
amount of black, gray-brown, and white coloration. Most species are 
colonial and nest in remote oceanic islands, primarily in under- 
ground burrows. 

The Family Pelecanoidea, the diving petrels, consists of four 
species in a single genus (Pelecanoides) and is likely a subgroup of 
the Procellaridae and not a distinct family. Diving petrels are auk-like 
species, with geographic ranges limited to the southern oceans, but 
are some of the most numerous aquatic bird species. Most diving 
petrels are small, weighing between 100 and 200 g and have a char- 
acteristic black-and-white plumage. Diving petrels feed exclusively 
by underwater pursuit-diving of fish, squid, crustaceans, and other 
invertebrate prey. Some species of diving petrels may dive distances 
exceeding depths of 80 meters (m). Their small, stocky wings are 
also used for paddling and propulsion in the water. 

The Family Hydrobatidae includes roughly 20 species of storm 
petrels, distributed in seven genera, although the taxonomy is being 
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TABLE 11-1 


Order 
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Geographic Distribution 


Natural Diet 


Lifestyle 


Unique Features 


Order Podicipediformes 


Family Podicipedidae 
(Grebes) 


Worldwide except 
Oceania, around 
freshwater wetlands 


Fish, amphibians, insects, 
aquatic invertebrates 


Some species migratory 

Nest on floating platforms 
built of aquatic vegetation 
as isolated pairs, but may 
be semi-colonial in prime 
habitat 


Weak fliers (some 
species are flightless), 
clumsy on land 

Strong swimmers and 
divers 


Order Gaviiformes 


Family Gaviidae (Loons/ 
divers) 


Northern parts of 
Northern Hemisphere 


Fish, insects, crustaceans 


Migratory 

Breed on fresh water, 
winter on salt water 

Nest on ground, close to 
water 


Very adept swimmers 
and divers, strong fliers 


Order Procellariformes 


Family Diomedeidae 
(Albatrosses) 


Occur in all seas of the 
world, majority of 
species in Southern 
Hemisphere 


Oceans worldwide 
except North Atlantic, 
Arctic, and tropical 
doldrums 


Fish, marine invertebrates 
(cephalopods, 
crustaceans, insects), 
plankton, carrion 


Migratory species 
Colonial species that nest 
on oceanic islands 


“Tube” extension of the 
nares, horny plates on 
bill 


Capable of long distance 
gliding 


Family Procellaridae 
(Shearwaters, petrels) 


Oceans, seas 
worldwide 


Migratory species 

Colonial species that nest 
in underground burrows 
or on ledges of sea cliffs 


Pelagic species, rely on 
primarily gliding 


Family Hydrobatidae 
(Storm-Petrels) 


Family Pelecanoididae* 
(Diving Petrels) 


Oceans, seas 
worldwide except 
Arctic 


Southern oceans 


Most species migratory 

Colonial species nest in 
burrows or rock crevices 

Nonmigratory 

Live in small colonies, nest 
in burrows or under rocks 


Flutter over the water 


Weak fliers, excellent 
swimmers, strong 
divers 


*Recent data suggest that the Family Pelecanoididae should be a subfamily within the Procellaridae. 


TABLE 11-2 
Family Species Common Weight (kg) Distribution Comments 
Gaviidae Gavia immer Common Loon 2.6-3.0 North America, Iceland, 
Greenland 
Gaviidae Gavia stellata Red-throated loon 1.6-2.0 Circumpolar 
Podicipedidae Podilymbus podiceps Pied-billed grebe 0.25-0.57 Americas Most widespread 
American grebe species 
Podicipedidae Podiceps nigricollis Eared grebe 0.20-0.74 North and Central Americas Most abundant grebe in 
the world 
Diomedeidae Phoebastria immutabilis Laysan Albatross 2.3-3.5 Northern Pacific Ocean to 
Hawaiian Islands 
Diomedeidae Diomedea exulans Wandering albatross 6.5-8.5 Southern Hemisphere 
Procellaridae Puffinus puffinus Manx Shearvvater 0.4-0.5 North Atlantic 
Procellaridae Fulmarus glacialis Northern Fulmar 0.4-1.0 Northern Hemisphere 
Hydrobatidae” Oceanites oceanicus Wilson's Storm Petrel 0.03-0.04 _ Worldwide except North May be most abundant 


Pacific and extreme North 
Atlantic 


seabird worldwide 
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constantly revised and debated. Storm petrels are small, delicate 
birds with relatively large heads. In most species, the long legs 
dangle below the body, and the feet patter on the surface of the 
water when near the surface, giving the impression of the bird 
walking on the surface of the water. These pelagic species are found 
in all oceans. These birds may congregate in very large numbers. 
Storm-petrels feed primarily on phytoplankton and small inverte- 
brates, with fish being consumed occasionally. Storm petrels are 
often predated by other birds and by introduced mammalian 
predators. 

The members of the three orders included in this chapter face 
similar threats to their continued existence: anthropogenic habitat 
disturbance and modification, pollution, overharvesting, and (4) 
predation by introduced species. Some families (e.g., Diomedeidae) 
contain a large number of species at some risk of extinction. For 
primarily inland aquatic species (loons and grebes), the threats 
include the draining of wetland areas, human disturbance, pollution 
(specifically heavy metals and pesticides), and exposure to coastal 
oil spills during overwintering in marine environments. Marine sea- 
birds are threatened by overharvesting for food, feathers, and oil; 
accidental bycatch during fishing operations; habitat disturbance of 
nesting grounds (including guano harvesting); pollution; and preda- 
ion by introduced species (rats, cats, pigs, mongoose). Introduced 
predators may destroy or eat the eggs, the chicks, and the adults 
sitting on nesting sites, causing a significant impact on the popula- 
ions in a relatively short timespan. Large-scale harvesting of fish by 
indiscriminate use of explosives, an illegal practice in many coun- 
ries, may have a significant impact by affecting large groups of birds 
during feeding congregations. In addition, long-line fishing opera- 
ns present a specific risk to many Procellariformes, as the birds 
get accidentally entangled in lines and die by drowning. Many 
species are prone to ingesting indigestible pieces of waste and 
garbage created by humans, specifically plastic, and this has been a 
threat to albatross species and their chicks. The epidemiology of 
infectious diseases has not been extensively studied in colonies, but 
the risk of virulent diseases spreading could be significant to the 
continued survival of some species, in particular those with limited 
nesting sites or isolated populations. The introduction and spread of 
foreign infectious diseases to established, naive colonies could have 
a significant effect at the population level. 


P 


UNIQUE ANATOMY 


Members of all three orders have webbed feet. In loons and grebes, 
the feet are positioned caudally on the body and are the primary 
form of propulsion when swimming. The caudal positioning of the 
feet often limits the locomotor capabilities of these birds. 

Grebes have specialized, lobated digits, which are specifically 
used for propulsive locomotion in the water. The tarsi are laterally 
compressed and the anterior digits (2, 3, and 4) have excess “lobes” 
of skin capable of contracting or expanding as the bird paddles when 
swimming. The nails are flat on the foot and do not extend like claws. 
As the foot is advanced in a cranial direction, the lobes are collapsed 
o minimize the profile and decrease the friction and drag against 
he water. The lobes are flared as the foot pushes back to form a 
paddle effect and propel the bird forward during a stroke. As highly 
adapted divers with caudally positioned feet, grebes have difficulty 
aunching from the water for flight and often must use the rapid 
movements of their wings to propel themselves across the surface of 
he water before becoming airborne. Additional adaptation to swim- 
ming and diving in loons and grebes are a predominance of non- 
pneumatic bones and a decreased air sac system, which allow them 
better control of buoyancy. 

Members of the Procellariformes have a characteristic tubelike 
extension of the nares extending on the dorsal aspect of the bill, 
well-developed salt glands, and a good sense of smell that is used 
for both prey detection and recognition of nesting sites. Some 


species use the large webs on their feet for maneuvering in flight 
as well as in swimming. All members have well-developed salt 
glands, which are located dorsal to the orbit and are used in 
salt homeostasis by excreting salt in drops over the bill. It is an 
adaptation that allows the ingestion of saltwater and saltwater prey 
without the need to drink fresh water. Salt metabolism is also regu- 
lated by renal excretion. The sense of smell is well developed in 
Procellariformes, and many species may detect the smell of certain 
oils in the water for locating food in the open sea. The sense of 
smell also serves a purpose in locating nesting sites or burrows, and 
this function may even be more significant than prey detection in 
some species of diving feeders, which may rely on few olfactory 
cues for prey location. Many species are well adapted for nocturnal 
vision, which may be crucial for the underground nesting species 
and for predator avoidance when returning to nesting sites at night. 
In some species, nocturnal vision likely is an adaptation for feeding 
at night. 

Most Procellariform species are highly adapted for long distance 
flight and gliding, an energy-conserving strategy that allows the 
larger mass birds to travel long distances. The diving petrels are 
highly adapted for feeding underwater—including adaptations such 
as auk-like black-and-white cryptic coloration, a gular pouch, and 
short wings. 

With the exception of the Pelecanoididae, Procellariformes may 
accumulate gastric oils in their proventriculus. This is an adaptation 
to concentrate lower-volume, high-caloric meals and occurs both by 
physiologic regulation and specialized anatomy. The oils are not 
secretory products but, rather, derived from dietary lipids and con- 
centrated by regulating the amount of lipid emptying. The location 
of the pylorus is an adaptation to retain lipids while allowing water- 
soluble ingesta to pass through. Lipid emulsifiers of intestinal origin 
may be refluxed in a retrograde fashion and may play a role in 
gradual lipid metabolism without entering the intestines.!? When 
handled, all species may regurgitate gastric oils, but some species 
(e.g., northern fulmar, Fulmarus glacialis) are capable of forcefully 
expelling the gastric oil as a defense mechanism. 

Most species of grebes (Podicipediformes) routinely ingest their 
own feathers. Feather ingestion varies with season and type of 
ingested prey. Ingested feathers contribute bulk to bind undigested 
stomach contents and allow the formation of uniform, bound pellets. 
These pellets, which are excreted regularly, may play a role in gastric 
parasite control! and slowing gastric transit time to maximize diges- 
tive efficiency. 


SPECIAL HOUSING REQUIREMENTS 


With the exception of wild birds being temporarily housed for reha- 
bilitation purposes, the birds in this chapter are not routinely housed 
in captivity. The caudal positioning of the feet of these birds renders 
them almost incapable of ambulating on land, so they need specia 
accommodations. Birds should be given access to large pools of 
water, if possible. Providing proper padding to avoid ulcers and 
pressure sores on the keel and the ventrum is essential. In addition, 
vigilance to detect the development of pododermatitis and provision 
of clean, padded substrates to avoid it are essential, since a lot of 
aquatic or pelagic species are not adapted to spend significant 
amounts of time weight bearing on their feet. 

Salt water should be used when housing marine species, but 
many species adapt well to housing in fresh water. Holding pools 
should be designed for ease of cleaning and draining. The large 
amount of oils in the diets of aquatic birds often soil the water 
quickly. In temporary housing arrangements, draining and refilling 
pools at regular intervals help keep the water fresh, but more elabo- 
rate filtration systems capable of handling the oils and organic matter 
produced by these species may be necessary for long-term holding. 
Attention should be given to concrete or flooring substrates sur- 
rounding the pools, as the porous surfaces may be difficult to 
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disinfect properly. The use of rubber mats may provide surfaces that 
facilitate cleaning and also provide additional traction and padding. 
Excessively smooth surfaces may predispose the birds to tendon or 
joint injuries. 

Monitoring ambient temperature is an important factor in the 
holding environments. Birds that are highly adapted to life in the 
oceans may not thermoregulate as well in limited spaces or when 
housed indoors. Stressed birds may generate endogenous heat from 
muscle activity or continuous attempts to escape, and their bodies 
may overheat. Birds with compromised feather function may suffer 
from hypothermia. Social species may be particularly stressed when 
the birds are held in isolation. If conspecifics are not available, 
mirrors may be used judiciously. 

The propensity of many aquatic birds to regurgitate or expe 
gastric oils when handled (as in the Procellariformes) warrants 
special consideration. A bird that gets soiled by its own regurgitant 
should be properly washed, as the oils may compromise feather 
function and thermoregulation. 

The translocation of hand-reared chicks has been advocated as a 
tool for establishing safety populations of endangered Procellariform 
species. Between 1997 and 2008, a large-scale trial of relocating 
chicks of eight petrel species was done in New Zealand with burrow- 
nesting birds of four genera.” The birds were placed in artificial 
burrows and hand reared until fledged by feeding a pureed diet of 
canned sardines and water into the crop. This diet worked well for 
all species regardless of their natural diet, and a majority of birds 
fledged near the expected natural fledging weight. Some transloca- 
tion attempts to historical colony sites have been supplemented by 
continuously playing recorded vocalizations, which attract conspe- 
cifics to the site. Likewise, short-tailed albatross (Phoebastria albatrus) 
chicks have been successfully translocated between islands and hand 
reared to fledging.’ 


FEEDING AND DIET 


liquid forms that may be fed by tube to most altricial species. As 
discussed earlier, feeding Procellariform chicks these slurries, with 
canned whole sardines as the base, suggests that this may be a practi- 
cal and suitable strategy for some species.’ Precocial species (grebes) 
may be fed small-sized prey items, including live fish, that are 
supplemented with insects (crickets, mealworms) to stimulate self- 
feeding behaviors. Prey size is an important consideration in the 
birds acceptance of offered prey. 


RESTRAINT AND HANDLING 


Birds in these taxa may be handled using basic precautions appropri- 
ate for their size, powerful beaks, and sharp nails. The wings must 
be protected, as even seemingly minor injuries could affect their 
ability to forage and migrate. Handlers should take precautions to 
avoid injury to their eyes, hands, and face caused by the birds’ pow- 
erful beaks. Light gloves and eye protection are sufficient for han- 
dling most species, and towels may be used for safe restraint. 

The foul-smelling oily secretions regurgitated or expelled when 
the birds are handled require special consideration. Besides the 
unpleasant effects on the handlers, the tenacious nature of these oils 
may cause damage to feather function and thermoregulation if the 
substance adheres to a birds own plumage. Beaks should not be held 
shut without close monitoring, as it may lead to accidental ingestion 
of regurgitated oils and may restrict respiration. The excretion of salt 
in marine birds may be impaired by holding a birds mouth tightly 
shut.” 
No specific anesthetic techniques unique to this group of birds 
exist, although the same considerations as for handling—attention 
to body temperature, feather function, regurgitation and possible 
aspiration—are applicable. 


SURGERY (COMMON AND 
SPECIAL CONSIDERATIONS) 


The birds in these orders feed primarily on other aquatic animals: 
fish, invertebrates (squid, krill, crustaceans, shellfish, plankton, 
insects, etc.), or carrion. In general, most rely on calorically dense 
diets rich in fat, protein, or both. The diversity of species makes a 
summary of specific diets beyond the scope of this chapter, and 
readers are encouraged to consult the natural history of particular 
species of interest. Emaciation and cachexia from malnourishment 
is the most common cause of morbidity in aquatic birds in 
captivity. 

Loons feed primarily on live fish but will also eat aquatic inver- 
ebrate prey. Grebes have diets that may vary seasonally and include 
fish, amphibians, and aquatic invertebrates. The taxonomic diversity 
in Procellariformes groups also includes a large variety of feeding 
preferences. Albatross species differ in the percentage of squid, fish, 
or carrion that they normally take as part of their diet, and in some 
instances, the species of squid and fish prey is important. Giant 
petrels are opportunistic feeders, taking carrion when available (and 
often relying on the carcasses of marine mammals) but catching live 
invertebrate or fish prey. The prions (family Procellaridae) are spe- 
cialized filter-feeders, relying on highly adapted beaks with lamellae 
along the mandible to eat small food particles from the water. 
Artificial diets should be supplemented with thiamine if frozen 
fish are being fed. Vitamin E is often added as a supplement to 
aquatic animal diets, but attention should be given to dosage to avoid 
antagonism of other vitamins. The addition of 25 to 30 milligrams 
(mg) of thiamine and 100 mg of vitamin E per kilogram of fish is a 
recommended amount when feeding most species. The addition of 
salt supplements has been advocated to prevent atrophy of the salt 
gland in marine birds fed freshwater fish or maintained in freshwater 
systems for prolonged periods. Diets containing deboned fish, which 
may be given to sick individuals or chicks, should be supplemented 
with calcium to avoid metabolic bone disease. 

When hand-rearing or giving supplements to chicks, a general 
approach has been to duplicate adult diets and puree them into 


Surgical interventions may be necessary for injured birds in rehabili- 
tation settings, and in these cases, basic avian surgical techniques 
should be followed. Surgical placement of internal telemetry devices, 
which has found applications for monitoring bird populations and 
objectively assessing the success of rehabilitation-and-release efforts, 
is also applicable to the species in these orders. Species-specific dif- 
erences in surgery-related morbidity and mortality have been sug- 
gested, and caution should be used when extrapolating between 
species. Surgical technique and surgeons skill, size of device, anes- 
hesia management, species’ physiology, temperament, and underly- 
ing health or social conditions may all affect the outcome of the 
surgical placement of these devices. Descriptions of specific surgical 
echniques in Procellariformes, Gaviiformes, or Podicipediformes 
have been limited at the time of writing this chapter. In a short (9 
day) study in wild western grebes (Aechmophorus occidentalis),’ post- 
operative survival improved when the surgical techniques improved 
waterproofing, decreased communication into the coelom, and 
improved the seal around a protruding antenna. These general con- 
siderations are likely applicable to successful outcomes in all aquatic 
taxa. The specific measures taken in this study included offsetting 
the body wall incision from the skin incision, applying tissue adhe- 
sive glue to the subcutaneous space between the two incisions, 
applying a waterproof sealant to the skin incision after closure, and 
using porcine small intestine submucosa at the site of the antenna 
egress. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Physical examination of these birds should follow general principles 
of avian medicine. Expediency is essential to minimize handling 
time and associated stress. Scoring body condition may be difficult 
until a veterinarian has reached enough familiarity with the anatomy 
of the pectoral musculature of some of these species. Many healthy 
birds will feel lighter than their body size and wing span would 
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TABLE 11-3 


Laysan Albatross 


Waved Albatross 


Hawaiian Dark Rump Southern Giant 


(Phoebastria (Phoebastria Petrel (Pterodroma Petrel (Macronectes Common Loon 
immutabilis)" irrorata)" phaeopygiay” giganteus)” (Gavia immen° 
White blood cells (x10° /uL) 19.52 +/- 4.49 5.9 4/— 2.4 10.94 +/— 3.46 4.0 4/— 1.2 17 +/- 6.2 
Heterophils (x105 /uL) 10.21 +/—- 3.31 3.9 +/- 1.77 3.39 +/— 1.50 2.1 +/- 0.7 See below 
Lymphocytes (x10° /uL) 3.80 +/- 1.19 1.8 +/- 0.89 4.36 +/— 2.59 1.2 +/- 0.5 See below 
Monocytes (x10° /uL) 0.02 +/- 0.04 0.1 +/- 0.1 0.10 +/- 0.11 0.2 +/- 0.1 See below 
Eosinophils (x10° /uL) 4.40 +/—- 2.28 0.1 +/- 0.1 1.99 +/- 1.24 0.4 4/— 0.2 See belovv 
Basophils (x10° /uL) 1.09 +/— 0.46 0.0 +/— 0.0 1.11 +/— 0.53 0.006 +/— 0.023 See below 
PCV (%) 39 +/- 3 38.2 4/— 5.1 49 +- 4 47.4 +/- 4.0 47 H/— 4.7 
Total Protein (g/dL) 4.5 +/- 0.6 3.1 4/— 0.5 6.2 +/- 1.1 3.9 4/— 0.5 
Calcium (mg/dL) 11.5 +/- 4.0 9.8 4/— 1.1 7.0 +/- 1.6 9.1 +/— 1.2 
Phosphorous (mg/dL) 4.3 4/— 1.7 3.4 +/- 0.8 0.8 +/- 0.3 2.4 +/— 2.0 
Glucose (mg/dL) 162 +/- 34 229.4 H/— 35.4 329 +/- 43 285 +/— 39 189.2 4/— 45 
Uric Acid (IU/L) 2.5 +/— 0.7 4.4 +/- 2.7 7.3 +/- 4.4 8.9 +/— 2.3 
AST (IU/L) 139 +/- 18 117.6 +/— 46.9 212 +/- 116 93.1 +/— 29.6 
Sodium (mEq/L) 152.7 +/- 6.2 154.5 4/— 15.5 
Chloride (mEq/L) 118.0 +/- 7.7 121.3 +/- 5.8 
Albumin (g/dL) 1.9 +/— 0.2 1.8 +/- 0.2 1.5 +/— 0.2 1.5 +/— 0.3 
Globulin (g/dL) 3.1 4/— 0.3 2.8 4/— 0.5 1.7 +/- 0.4 2.3 +/— 0.86 


w upa wawww u azz==a= nm sm Fm F 
Reported reference parameters: Heterophils: 32 +/- 11%, mononuclear cells: 37 +/- 13.7%, eosinophils: 31+/- 11.5%, and basophils: 0%. 
g/dL, Gram per deciliter; /U/L, international unit per liter; mEq/L, milliequivalent per liter; mg/dL, milligram per deciliter; L, microliter 


suggest on first impression, and objective monitoring of body 
weight should be used as a baseline. Special attention should be 
given to plumage (for parasites, waterproofing, flight feather 
quality); to the tubular structures of the nares (for patency), and to 
the feet (for evidence of pododermatitis). The open oral cavity 
should be visualized, and the coelomic cavity should be palpated 
carefully for evidence of foreign bodies (specifically, ingested pieces 
of plastic). 

Venipuncture may be accomplished using the same landmarks 
and anatomic sites as in other bird species. Reference ranges are 
available for very few species, and even these should be used with 
caution in interpreting health status, as differences in sampling tech- 
niques, sample handling, analytic techniques, and laboratory equip- 
ment may not be applicable. Table 11-3”17792) summarizes relevant 
blood work parameters for representative species. 


DISEASE 
General 


Reports of diseases affecting members of the orders in this chapter 
come from distinctly different sources, introducing a sampling bias 
not unique to these birds. The bulk of the health-specific literature 
derives from the study of free-ranging populations, data collected 
during mass mortality or morbidity events, and from rehabilitation 
efforts. Many pelagic species are not even available for examination 
until breeding season, and carcasses may not be retrievable, repre- 
senting only a portion of these birds’ life history. The diseases dis- 
cussed in the following sections of this chapter represent unique 
diseases of significance, and this is not a comprehensive list of avian 
diseases that may affect these birds. 


Infectious Disease 


The dynamics of infectious diseases in colonial nesting pelagic 
species have not been well studied and are areas of specific interest 
for the conservation of species and protecting them against the 
introduction of novel pathogens. 


Viral Diseases 

A novel herpesvirus (Gaviid herpesvirus-1) was recently described 
from two stranded common loons suffering from ulcerative tracheitis 
and showing lesions similar to those caused by infectious laryngo- 
tracheitis virus in chickens.'° As a newly identified virus, its signifi- 
cance in loon populations is currently unknown. 

Avian poxviruses have been reported in different species of Pro- 
cellariformes. Although mosquitoes are the primary vectors of trans- 
mission of poxviruses, transmission by contact may also occur 
during feeding of chicks by infected parents. Manx shearwaters 
(Puffinus puffinus) are affected by cutaneous, self-limiting pox lesions 
on the feet, which may be confused with the lesions caused by puf- 
finosis virus. Cutaneous pox lesions are common in Laysan albatross 
(Phoebastria immutabilis) chicks during high rainfall but do not have 
an effect on fledgling success at the population level. Since 2004, 
cutaneous and diphtheritic pox lesions have been identified in giant 
petrels (Macronectes giganteus) from Antarctica,'’ although the overall 
impact at the population level and the reasons for the apparent 
emergence of this disease are not currently known. 

Puffinosis is an epizootic viral disease of Manx shearwaters (Puffi- 
nus pulfinus),” presumbed to be caused by a coronavirus. Regular 
epizootics affect general juveniles near fledging, causing high mortal- 
ity after a period of blisters on the web of the feet and, sometimes, 
conjunctivitis. It is thought that the virus overwinters in other 
species such as fulmars and gulls, suggesting that other Procellari- 
formes are susceptible. In one instance, it was suspected that the 
black-browed albatross served as an intermediate host between 
shearwaters and penguins.’ 

Serological evidence of adenoviral infections is common during 
health surveys of aquatic birds,’ but the significance is often not 
clear, since links to clinical disease are missing and because most 
serologic testing has some limitations. Antibodies to avian influenza 
viruses and evidence of viral presence are common in seabird colo- 
nies. Some strains of avian influenza may be present at enzootic 
levels and circulate in seabird colonies, often being shared between 
species, but documentation of the dynamics and epidemiology of 
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these viruses is limited. The globalization of trade and travel and 
related agricultural practices carry the potential to increase contact 
between domestic animal strains (poultry, swine, human) of influ- 
enza and those present in seabird colonies, warranting special 
vigilance. 


Bacterial Diseases 
Chlamydophila psittaci is a common zoonotic concern cited in aquatic 
bird populations and a concern in colonial nesting species. Between 
1930 and 1938, 174 cases of human infection with C. psittaci were 
reported in the Faroe Islands.° These cases were characterized by 
high human mortality, prompting an investigation that linked human 
infections to the preparation of wild-caught juvenile fulmars for 
cooking and a ban on fulmar consumption until 1954. A recent 
survey has shown that C. psittaci is still endemic in the Faroe Island 
fulmar population at a relatively high (10%) prevalence, but human 
infections are not common despite the resumed harvesting of fulmars 
for human consumption at high numbers (estimated at 50,000 to 
100,000 juvenile fulmars per year).° C. psittaci should be considered 
a zoonotic concern in working with seabirds of unknown status and 
of specific concern in Procellariformes. 
Avian cholera (Pasteurella multocida) has been reported in a south- 
ern Giant petrel” and has been isolated from grebes, ” in which it 
may occur concurrently with other diseases. Salmonella bacteria are 
often isolated from carnivorous and piscivorous birds. Salmonella 
spp. (multiple serotypes) have been documented in overwintering 
loons in Florida and in eared grebes. Chronic salmonellosis has been 
documented in an eared grebe (Podiceps nigricollis),’ and morbidity 
and mortality likely occur with certain strains in all species. 
Fibrinous airsacculitis caused by infections with Nocardia asteroi- 
des has been reported in albatrosses. Air sac lesions are tightly adher- 
ent fibrinous plaques or exudates adhering to the wall of the air sacs. 
Nocardial airsacculitis may be seen as incidental pathologic findings 
in Laysan albatross chicks. '® 


Fungal Diseases 


Respiratory infections with aspergillus have been commonly reported 
in overwintering loons. In addition, many aquatic birds are suscep- 
tible to aspergillus infections during periods of stress and during 
rehabilitation. Fatal fungal nephritis was documented in a gray 
headed albatross. ” 


Parasitic Diseases 


Most reports of parasites of the aquatic birds in these orders are 
mentioned as incidental findings or reported in the ecologic or evo- 
utionary science literature. The clinical significance of parasite infes- 
ations is not often clear, but special attention should be paid to birds 
vvith concurrent disease, as the parasites may impose an additional 
physiologic burden for recovery. A listing of parasites or an in-depth 
discussion of parasite diversity are beyond the scope of this chapter. 
Ectoparasites (lice and mites) are common findings, and specialized 
parasites of feathers, nares, and respiratory tract exist, often adapted 
and co-evolved with their host species. Some topical ectoparasite 
reatments may affect a bird’s waterproofing ability, and caution is 
warranted when selecting products. 

In grebes, intestinal, ventricular, and proventricular nematodes 
are commonly reported. The parasites of notable clinical relevance 
are Eustrongylides tubifex and Contracaecum spp., including C. ovale, ° 
which shows high specificity for Podicipediformes. E. tubifex may 
cause verminous coelomitis in many bird species, including grebes 
and loons, and has an indirect life cycle that requires two intermedi- 
ate hosts. Cestodes are very common in grebes. For instance, in the 
western grebe, 11 species of cestodes have been documented, but 
no obvious clinical disease. 

Intestinal trematodes are a common finding in debilitated wild 
loons or in birds affected by concurrent disease, including toxicities. 
Cryptocotyle spp. is often seen in common loons in the maritime 
provinces of Canada.' Renal coccidiosis, caused by Eimeria gaviae, 
has been reported in a common loon.'” 


Few clinically significant parasites have been documented in 
Procellariformes, which is likely a function of their pelagic lifestyle 
and not of absence of helminthes. A case report of Anisakis sp. 
causing proventricular perforation in a greater shearwater (Puffinus 
gravis) showed that this common parasite of marine mammals may 
be a lethal aberrant host in this species. ” 

Limey disease is caused by a renal coccidian (Eimeria spp.) that 
affects the flightless chicks of the Tasmanian mutton bird (also 
known as short-tailed shearwater; Puffinus tenuirostris). Affected birds 
have “limey” staining and pasting of the vent and poor body condi- 
tion. ” These clinical signs are neither unique nor specific to coccid- 
ian nephritis, and other diseases may be lumped with the common 
name of this disease if gross signs are the only basis for a 
diagnosis. 


Noninfectious Disease 


Large-scale mortality events of eastern grebes have been periodically 
reported in North America, and the cause is often undetermined, 
as in a 1992 mass mortality event involving over 150,000 eared 
grebes (Podiceps nigricollis) in the Salton Sea in California.’ It has 
been theorized that weather conditions during migration may play 
a role in these events, but the grebes’ tendency to congregate in large 
numbers prior to migration, limited agility in flight, and flying at 
night lead to interspecific collisions and crashes of large groups of 
birds at once. 

During their coastal migration, loons and grebes may become 
victims of oil spill events. Procellariformes are also susceptible to 
damage by oil, but their choice of offshore feeding sites may protect 
hem. The success of operations that rescue, stabilize, treat, and 
rehabilitate oiled grebes and loons for return to the wild depends on 
many factors, and results may be variable. Besides the physical 
damage caused to the feathers and the integument, oil negates the 
hermoregulatory and waterproofing capabilities of an aquatic birds 
plumage, leading to energy lost through loss of body heat. Accidental 
ingestion of oil may have toxic systemic effects. A mass stranding of 
14 species of birds, including loons and grebes, was attributed to 
surfactant-like proteins produced on the water surface by organic 
matter associated with a red-tide event caused by the dinoflagellate 
Akashima sanguinea." 

Albatrosses, petrels, and other marine fish-eating animals are 
susceptible to accidental death by drowning caused by fishing opera- 
tions. Line fishing is particularly dangerous to birds that follow ships 
in their search of fish and may get caught and dragged by the fishing 
line, eventually dying by drowning. The impact at the population 
level is difficult to quantify. 

Accidental ingestion of plastic has long been recognized as a 
problem in Laysan albatrosses in the Hawaiian Islands but has now 
been recognized as a worldwide concern that may affect many 
seabird species. Direct morbidity or mortality from mechanical 
obstruction may occur, but ingested plastic can also cause chronic 
physiologic stress as a result of malnourishment. 


Nutritional Diseases 


Emaciation and cachexia are common signs in many aquatic bird 
species, specifically loons, presenting for rehabilitation. The underly- 
ing cause is often not found. 

Metabolic bone disease was documented in two northern roya 
albatross chicks (Diomedea sanfordi) that were being hand reared 
shortly after hatching and fed an unsupplemented diet of primarily 
(deboned) fish filets and gastric oil harvested from sooty shearwa- 
ters.'' After these cases, chicks have been successfully hand reared 
on a diet of whole fish and no gastric oil and have showed no evi- 
dence of fibrous osteodystrophy. 


Toxicities 

Mercury has been identified as a concern for the survival of common 
loon populations in northern United States and the Great Lakes 
region. After entering a water source, elemental mercury is converted 
into a biologically active form by bacteria. This biologically active 
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TABLE 11-4 

Common Loon Least Grebe Wandering Albatross Wilson's Storm Petrel Northern Fulmar 
Latin name Gavia immer Tachybaptus dominicus Diomedea exulans Oceanites oceanicus Fulmarus glacialis 
Family Gaviidae Podicipedidae Diomedidae Hydrobatidae Procellaridae 
Sexual maturity 1 year 1 year 8-9 years Unknown 8-10 years 
Eggs per clutch 1-3 4-6 1 1 1 
Incubation period 28 days 21 days 75-82 days 39-48 days 52-53 days 
Fledging age 56 days Unknown 278 days 70-75 days 46-51 days 
Nest Mound of plant Floating nest made of Mound of mud and Underground burrows Grass ledge or 


material around 
lakeshore 


vegetation in shallow 
water 


vegetation on ridge 


ground vegetation 


form, methylmercury, enters the food chain and accumulates in fish. 
Inland piscivorous birds such as loons and grebes, are at high risk 
of mercury exposure. Exposure varies according to local concentra- 
tions in the water as well as lake conditions. Although overt signs of 
mercury toxicity have been difficult to demonstrate, mercury may 
have reproductive effects at the population level, and some evidence 
suggests effects on eggs, chicks, and hatchability. 

Lead poisoning has been documented in common loons and 
Pacific loons. Birds ingest toxic levels of lead derived from fishing 
sink weights or from spent lead shot. Clinical signs are primarily 
neurologic but may be limited to subtle paresis or partial paralysis. 

Birds of all three orders are susceptible to the biotoxins produced 
by algal blooms and by domoic acid toxicity and have been affected 
in mass mortality events affecting multiple species. Avian botulism 
type E has been reported in grebes and in loons. Botulism type C 
has been seen in grebes. 


REPRODUCTION 


Most knowledge on the reproductive biology of the birds in these 
orders comes from observations and studies of free-ranging species. 
Table 11-4 summarizes biologic data on some common species. ” 


PREVENTIVE MEDICINE 


Because many grebes and loons are prone to aspergillosis during 
periods of stress or during prolonged captivity, the use of antifungals 
has been advocated as a prophylactic treatment when working with 
these species. It is reasonable to assume that this practice is also 
applicable to Procellariformes. Pharmacokinetic data are extrapo- 
lated from other species, and the Sphenisciformes may be the best 
available model for Procellariformes. 
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CHAPTER 1 2 


Pelecaniformes (Pelicans, 
Tropicbirds, Cormorants, 
Frigatebirds, Anhingas, Gannets) 


Sharon Redrobe 


BIOLOGY 


SPECIAL HOUSING REQUIREMENTS 


The Order Pelecaniformes was previously defined as comprising 
birds that have feet with all four toes webbed. Hence, they were 
formerly also known by such names as totipalmates or steganopodes. 
The group included frigatebirds, gannets, cormorants, anhingas, and 
tropicbirds.* The current International Ornithological Committee 
classification now groups pelicans with the Families Threskiornithi- 
dae (ibises and spoonbills), Ardeidae (herons, bitterns, egrets), Scop- 
idae (hamerkop), Balaenicipitidae (shoebill), and Pelicanidae 
(pelicans). Previously included families are now classified in the 
Order Suliformes, that is, Fregatidae (frigates), Sulidae (gannets and 
boobies), and Phalacrococorcidae (cormorants and shags).’ However, 
for the purposes of consistency and for this chapter, the previous 
grouping of Pelecaniformes (pelicans, tropicbirds, cormorants, frig- 
atebirds, anhingas, gannets) will be used with a focus on pelicans 
(Table 12-1). Most of the birds in this order have large beaks relative 
to their head size and a distensible pouch formed by the floor of the 
mouth, between the mandibles. The natural range of the species 
extends around the world, mainly in the tropical areas. The species 
most commonly maintained in captivity are the pelicans and cormo- 
rants but the others rarely so. 


UNIQUE ANATOMY 


The most obvious distinguishing feature of the pelican, besides being 
large birds, is the gular pouch. The floor of the mouth is greatly 
enlarged to form the pouch used for scooping up water and prey 
and then draining the water before swallowing the captured prey. 
The large beak ends in a pronounced downward facing hook. The 
tongue is significantly reduced in size. The pelicans are among the 
largest flying birds and yet are relatively light because of the extensive 
air sac diverticula between the skeletal muscles of the neck and the 
breast. These air pockets under the skin are readily palpated when 
the birds is restrained. The subcutaneous air sacs are known to 
anatomically connect with the respiratory system, and the bird main- 
tains inflation by the closing of the glottis. The subcutaneous air 
pockets are presumed to act as a shock absorber when the bird hits 
the water at speed during a dive and also assist in floating. Males are 
generally larger than females and have longer bills. Several other 
species, for example boobies and gannets, as mentioned earlier, also 
have extensive subcutaneous air sacs. The external nares are not 
patent in some birds in this order, including brown pelicans, cormo- 
rants, boobies, and gannets, perhaps as an adaptation to diving. The 
rest of the Order Pelecaniformes comprises long-legged birds that 
hunt or scavenge prey near lakes or rivers and are relatively slender 
in body shape. The gular pouch is used for courtship displays in 
rigatebirds and absent in the tropicbirds. Birds of this order are 
ypically carnivorous (primarily fish eating). The proventriculus and 
he ventriculus are both thin and extensible in the pelican and cor- 
morant species and relatively indistinguishable. The pylorus is very 
well defined and well muscled, and this may be an adaptation to 
prevent foreign bodies and bones entering the small intestine. 
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In common with many other marine species, Pelecaniformes typi- 
cally have supraorbital salt glands that may atrophy in captivity if 
they are housed on fresh water. When birds are transferred between 
institutions, the salinity of the water should be noted, and it must 
be ensured that the birds are transferred between the same systems; 
in the case of transference from a freshwater environment to a saline 
environment, supplementation with dietary salt (if a pool of increas- 
ing salinity cannot be provided) should be carefully instigated to 
reactivate the salt glands without risking salt poisoning. The birds 
should be carefully monitored during this process. This process 
should also occur prior to release from a freshwater or a low-salt 
acility. Birds in this order are characteristically semi-aquatic birds 
that dive from a great height into water to capture prey. It may be 
challenging to replicate this behavior in captivity, but the birds 
should certainly be provided with pools that permit swimming 
and surface diving. Maintenance of adequate water hygiene, using 
appropriate surface skimmers and other measures, will be required 
to prevent the accumulation of fish oils damaging the feathers. 
Sufficient dry land area is required, especially for pelicans, cormo- 
rants, and anhingas, which have feathers that tend to get water- 
logged. The substrate needs to be supportive and noninjurious, as 
all birds in this order, particularly the heavier species, are prone to 
pododermatitis. 


FEEDING 


The natural diet of pelicans is quite varied and related to their aquatic 
habitat, including fish (up to 30 centimeters [cm] long), crustaceans, 
amphibians, turtles, and occasionally other birds. The way different 
species of pelican feed varies. For example, the brown pelican feeds 
by diving into water, whereas the white pelican species feed coop- 
eratively by herding fish and dipping their beaks into the water to 
scoop the fish out. Cormorants and anhingas are surface divers and 
capture their prey underwater. Tropicbirds, boobies, and gannets are 
plunge divers. Frigatebirds are renowned scavengers and steal food 
from other birds. Birds in captivity need to adapt to taking dead fish, 
and training may be required when presenting the fish in a manner 
dissimilar to their wild presentation. Throwing fish into the air is the 
least natural presentation of fish, but the movement may stimulate 
attack and feeding. If feeding fish that has been frozen, supplementa- 
tion with vitamins is often required; further information on fish 
handling as food and supplementation will not be covered in this 
chapter. 


RESTRAINT AND HANDLING 


In general, restraint of these species is simple, with the birds being 
captured in a net or herded into a corner, the beak restrained in one 
hand initially, and then the body and wings restrained under the 
other arm. As the nares are not patent in some species (brown peli- 
cans, cormorants, boobies, and gannets), the beaks should be held 
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TABLE 12-1 

Scientific Name Common Name Weight (Adults, kg) Distribution 

Phaethon rubricauda Red-tailed tropicbird 0.64-1.1 Tropical Indian and Pacific Oceans 

Fregata magnificens Magnificent frigatebird 1.2-1.6 Tropical Atlantic and Pacific Oceans 

Sula sula Red-footed booby 0.85-1.0 Tropical Indian, Pacific, and Atlantic Oceans 
Morus bassanus Northern gannet 2.2-3.6 Newfoundland, Iceland, and Great Britain 
P. bougainvillii Guanay cormorant 1.55-3.2 Western South America 

Anhinga anhinga Anhinga 1.23-1.27 Southern North America to Argentina 
Pelecanus occidentalis Brown pelican 2.05-4.1 Coastal southern North America and 


Central and South America 


Pelecanus erythrorhynchos American vvhite pelican 


6.18-8.0 (males); 4.21-8.0 (females) 


Coastal and inland North and Central 
America 


Pelecanus rufescens Pink-backed pelican 


3.86-5.55 (males); 3.42—4.57 (females) 


Sub-Saharan Africa 


Adapted from Weber M: Zoo and wild animal medicine, 5th ed, St. Louis, MO, 2003, Elsevier. Chapter 13: Pelecaniformes. 


slightly open during restraint to prevent asphyxia. When stressed, 
some birds (gannets and pelicans) may inflate their subcutaneous air 
sac diverticulae that may easily be palpated by the handler as crepitus 
under the skin, this may be an alarming finding to the novice. Staff 
should consider vvearing eye protection vvhen handling birds such 
as the anhingas, vvhich have long sharp beaks. 


SURGERY AND ANESTHESIA 


Inhalant anesthesia using isoflurane is a simple and easy way of 
anesthetizing Pelecaniformes. The long beak makes application of a 
mask difficult; a useful tip is to use a disposable rectal glove as a 
makeshift mask for induction. Pelecaniformes are easily intubated 
with an uncuffed endotracheal tube. Nitrous oxide should be avoided 
because it has been reported to cause significant expansion of the 
subcutaneous air sacs of a pelican.’ Endotracheal intubation of some 
species may be challenging because of the crista ventralis, a septum 
or projection across the lumen of the trachea just inside the glottis. 
Intubation is readily achieved using a smaller tube, with the aware- 
ness that the inhalation anesthesia may be less efficient and the bird 
will also be breathing room air, that the airway is less protected, and 
that assisted ventilation will be less effective. As with other bird 
species, the addition of ketamine (3 milligrams per kilogram intra- 
muscularly [mg/kg, IM]) and butorphanol (1 mg/kg, IM) provides 
more controlled anesthesia suitable for surgery and endoscopy (per- 
sonal communication, author). 

Surgery, particular to this group of birds, is performed for repair 
of the pouch. ” Special considerations include establishing that sub- 
ramal and ventral gular blood supply is intact, as no evidence of 
anastomoses between these vessels exists, so vascular damage to 
these areas may result in poor wound healing. Full thickness suture 
patterns should also be avoided when repairing laceration of the 
pouch to avoid compressing the vascular layer. The pouch should 
be repaired by separating the epithelial layers and suturing them 
separately using a simple interrupted pattern. 

Flight is often restricted in the larger species such as pelicans, as 
their size necessitates very large (and relatively expensive) meshed 
aviaries to permit free flight; they are therefore often restrained in 
large, open-topped areas by such methods as feather clipping, feather 
follicle extirpation, or pinioning. Clinicians should note that in some 
countries, pinioning (amputation of the wing tips) is legally per- 
formed by nonprofessionals in very young birds. In other countries, 
pinioning is legally restricted; for example, it is considered “an act 
of veterinary surgery” in the United Kingdom and, as such, may only 
be performed by a veterinary surgeon (on a bird of any age) and 
must be performed with the bird under general anesthesia if the bird 
is over 10 days old. 


Currently, few publications on pelican surgery exist in the litera- 
ture, but a case of successful keratoplasty performed on the left 
cornea of a young adult female California brown pelican (Pelecanus 
occidentalis) for the treatment of vision-threatening corneal scarring 
has been reported.’ 


DIAGNOSTICS 


Blood collection is similar to that in other birds, with the metatarsal 
veins being the most accessible. Blood collection via the jugular vein 
or the wing veins may be challenging in pelicans because the sub- 
cutaneous air pockets make visualization and palpation of the 
vessels difficult. Complete blood cell count and serum biochemistry 
values are comparable with those performed in other avian species 
(Table 12-2). 


DISEASES 
General 


Pelecaniformes are susceptible to a wide range of diseases noted to 
affect other avian species. Diseases particularly noted in captivity 
include aspergillosis, pododermatitis, endoparasitism, and vitamin 
deficiencies and other conditions associated with the feeding of 
frozen fish. In general, diagnosis and treatments are similar to those 
in other avian species. 


Infectious Disease 


Bacterial enteritis has been reported in captive pelicans and cor- 
morants. Escherichia coli, Proteus spp., Salmonella spp., and Cam- 
pylobacter spp. have been cultured from affected animals. Fatal 
Clostridium perfringens enteritis has been diagnosed in a captive 
brown pelican, and contaminated fish was suspected to be the 
source of the infection. 

Viral diseases reported in Pelecaniformes include infections with 
West Nile virus, Newcastle disease virus, and poxvirus. Avian influ- 
enza vaccination has a mixed result in the Pelecaniformes; a study 
reported that the commercially inactivated H5N2 vaccine (manufac- 
tured for domestic poultry) elicited only a partial response in cor- 
morants and no immune response in pelicans.’ 


Parasitic Diseases 


Pelecaniformes may harbor parasites typically infesting many bird 
species in captivity, typically ascarids, which are trematodes that are 
routinely treated with fenbendazole or albendazole (Table 12-3). 
External parasitism is common but rarely leads to clinical signs, and 
treatment is routine. A study of the parasites of the American white 
pelican found 75 different species of parasites, the majority of which 


TABLE 12-2 


American white pelican, 
Pelecanus erythrorhynchos 


Brown pelica, 


Pelecanus occidentalis 


Pink-backed pelican, 
Pelecanus rufescens 


Reference Reference Reference 
Test Units Interval Mean Median Interval Mean Median Interval Mean Median 
White Blood Cell *10A9 4.56-32.02 14.02 12.93 3.85-25.40 11.25 10.32 0.00—41.07 19.23 16.37 
Count cells/L 
Red Blood Cell Count 1.63-3.89 2.78 2.76 1.67-3.38 2.55 2.52 
Hemoglobin g/L 95-191 140 143 115-198 156 157 56-186 121 121 
Hematocrit L/L 0.314-0.560 0.436 0.434 0.330-0.559 0.457 0.458 0.289-0.564 0.43 0.435 
MCV 171.4 167.3 116.7-222.8 168.6 169.8 
MCH 25.5-70.4 48.6 47.9 
MCHC g/L 267-409 341 338 245-411 325 328 161-407 287 284 
Heterophils *10A9 2.41-20.02 8.14 6.9 1.71-14.76 6.25 5.54 0.00-25.13 12:23 10.34 
cells/L 
Lymphocytes *10A9 0.90-14.11 4.76 3.98 0.43-9.34 3.3 2.67 0.00-9.18 4.07 3.36 
cells/L 
Monocytes *10A6 68-2227 580 374 50-2049 639 472 0-1658 669 576 
cells/L 
Eosinophils *10A6 63-1310 420 289 50-1419 402 296 0-1637 653 512 
cells/L 
Basophils *10A6 0-789 335 282 47-1117 371 270 387 310 
cells/L 
Glucose mmol/L 7.51-17.35 11.87 11.56 5.46-17.86 12.41 12.39 5.47-16.88 10.79 11.18 
Blood Urea Nitrogen mmol/L 0.0-3.1 1.4 14 0.0-2.9 1.4 1.2 
Creatinine umol/L 0-66 29 24 0-80 40 35 
Uric Acid umol/L 97-870 376 330 162-1238 511 436 0-896 448 391 
Calcium mmol/L 2.01-2.76 2.35 2.36 1.85-3.15 2.41 2.38 1.79-2.92 2.37 2.36 
Phosphorus mmol/L 0.25-1.91 0.89 0.83 0.46-2.73 1.24 1.08 0.26-2.01 1.21 1:18 
Ca/Phos ratio 1.7-8.4 3.9 3.6 0.9-6.6 3.2 3 0.8-4.5 2.8 2.7 
Sodium mmol/L 139-159 150 150 138-164 149 150 151 151 
Potassium mmol/L 1.5-6.4 351 2.8 1.4—6.2 2.9 2.8 4.2 3.9 
Na/K ratio 23.0-101.7 55.1 52.5 23.2-113.3 56.5 51 16.4-60.1 37.8 38.2 
Chloride mmol/L 100-125 113 113 95-122 111 112 
Total Protein g/L 31-59 43 42 28-63 45 44 20-60 43 40 
Albumin g/L 10-22 15 15 9-25 16 16 6-22 14 14 
Globulin g/L 16-42 27 27 11-47 28 27 9-44 28 26 
Alkaline Phosphatase U/L 362-2317 1281 1339 225-2161 1176 1193 0-1192 536 484 
Lactate U/L 0-1035 557 511 0-1750 893 684 
Dehydrogenase 
Aspartate U/L 60-466 181 155 104-840 301 247 0-770 352 311 
Aminotransferase 
Alanine U/L 0-71 34 33 0-132 56 40 64 57 
Aminotransferase 
Creatine Kinase U/L 223-1405 609 531 290-3246 1138 920 0-1808 937 744 
Gamma- U/L 0-9 4 3 0-15 6 5 5 5 
glutamyltransferase 
Amylase U/L 0-3969 1737 1586 466-5728 3178 3097 472-2822 1631 1647 
Total Bilirubin umol/L 0.0-9.6 4.2 3.8 0.0-12.8 5.1 3.7 
Cholesterol mmol/L 2.57-6.73 4.7 4.73 2.98-9.89 5.54 5.41 0.32-5.83 3.4 3.07 


*Values from ISIS, USA, downloaded at Twycross Zoo, U.K., January 2013. 
ALK. PHOS., Alkaline phosphatase; ALT (SGPT), alanine transaminase (serum glutamic pyruvic transaminase); AST (SGOT), aspartate aminotransferase (serum 
glutamic-oxaloacetic transaminase); BUN, blood urea nitrogen; CPK, creatine phosphokinase; fL, fluid ounce; g/L, gram per liter; GGT, gamma-glutamyl! trans- 
peptidase; HCT, hematocrit; HGB, hemoglobin; LDH, lactate dehydrogenase; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin con- 
centration; MCV, mean corpuscular volume; mmol/L, millimole per liter; “mol/L, micromole per liter; RBC, red blood cell; SD, standard deviation; WBC, white 
blood cell; Units/L, units per liter. 
From Teare JA, ed: 2013, American White Pelican; Brown Pelica; Pink Backed Pelican_No_selection_by_gender__All_ages_combined_Standard_International 
_Units__2013_CD.html in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource, İnternational Species Information System, 


Bloomington, MN. 
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TABLE 12-3 


Parasite (Type) Site Typically Found 


Clinical/Pathologic Findings 


Contracaecum (ascarid) 


Ventriculus, distal esophagus, gular pouch 


Ulcerative gastritis, if present in large numbers 


Phagicola longa, Mesostephanus Intestines Mild histologic changes only 
appendiculatoides (trematodes) 
Piagetiella sp. (pouch lice) Gular pouch Severe hemorrhagic stomatitis in debilitated 


pelicans and cormorants 


TABLE 12-4 
Parameter Pelicans Cormorants Gannets Boobies Tropicbirds 
Maturity (approx.) 3-4 years 2-4 years 5 years 1-6 years 4 years 
Eggs/clutch (approx.) 2-4 2-4 1 1-3 (facultative siblicide 1 

may occur) 
Incubation period 28-35 days 24-31 days 42-46 days 40-45 days 40-46 days 


(approx.) 


Incubation method Under foot webs Ön foot webs 


Under foot webs 


Under foot webs Insulated in breast feathers 


cause little or no clinical signs." Fenbendazole is reported to be effec- 
tive in brown pelicans at a relatively low dose of 22 mg/kg and 
effectively treated Contracaecum multipapillatum, Mesostephanus 
appendiculatoides, and Phagicola longus. Fatal enteritis and bone 
marrow damage have been seen in pink-backed pelicans following 
administration of fenbendazole. Affected birds were found dead or 
exhibited respiratory distress and died shortly after presentation. In 
treatment with benzimidazoles, the recommendation is to medicate 
the birds individually or to hand-toss medicated fish to individuals, 
rather than treating an entire group with medicated fish placed 
in a pan. 


Toxicities 

Poisoning with marine toxins, including domoic acid and breve- 
toxin, has been reported in brown pelicans, Brandts cormorants, and 
double-crested cormorants.’ Pelicans affected by domoic acid poi- 
soning exhibited slow, side-to-side head motion, fine motor tremors, 
scratching at the pouch, and vomiting, whereas affected cormorants 
were unusually docile when approached by humans.'’ Cormorants 
affected by brevetoxicosis showed ataxia, disorientation, and inten- 
tion tremors. 

Botulism, caused by ingestion of the toxin produced by Clos- 
tridium botulinum, has been reported in Pelecaniformes birds and has 
been associated with up to 20% of a population die-off in the western 
population of the American white pelican.” 


Noninfectious Disease 


Osteodystrophy caused by dietary calcium, vitamin Ds deficiency, or 
both has been reported in captive raptors fed all-meat diets and in 
cormorants (Phalacrocorax auritus).° Reports of neoplasia are rare but 
include skin melanoma diagnosed in a pelican throat pouch in addi- 
tion to a multicentric T-cell lymphoma. The pelican was found dead 
but a clinical history of T-cell lymphoma did not exist.'! 


REPRODUCTION 


Reproduction has been low for most of the Pelecaniformes species 
maintained in captivity and may be caused, in part, by the small 
flock sizes that are maintained (Table 12-4). Mature white pelicans 
have a keratinized growth on the dorsal maxilla during the breeding 


season; this growth is shed at the end of the season. Both sexes 
incubate eggs and participate in rearing chicks. 
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CHAPTER 3 


Ciconiiformes (Herons, Ibises, 
Spoonbills, Storks) 


Terry M. Norton and Douglas P. Whiteside 


GENERAL BIOLOGY 


The Order Ciconiiformes comprises medium- to large-sized, charis- 
matic wading birds that are popular in zoologic collections. This 
group has a worldwide distribution in temperate, subtropical, and 
tropical climates. The five families include Ardeidae (herons, bit- 
terns, and egrets), Balaenicipitidae (shoebills), Ciconiidae (storks), 
Scopidae (hammerkopfs), and Threskiornithidae (ibises and spoon- 
bills).''°* Over 26 species are considered near threatened, vulnera- 
ble, or endangered by the International Union for the Conservation 
of Nature.” Many species are long lived, with some of the larger 
species living for 40 to 50 years.” 

Most species are sexually monomorphic with similar feathering; 
however, females are usually smaller than males. Gender determina- 
tion may be accomplished through DNA (deoxyribonucleic acid) 
analysis of whole blood or blood feathers. Other techniques, which 
have proved successful, include measurements of bill length, tibio- 
tarsal length, and body length." 


UNIQUE ANATOMY 


Most Ciconiiformes species have long legs and elongated toes with 
slightly webbed feet. The middle toe may be well developed for 
eather maintenance. Most have long necks with 15 to 20 vertebrae. 
Herons have a modified sixth cervical vertebra, which allows the 
neck to be held in an S-shape during flight. Many species have bare 
portions to the head and neck. Herons have powder-down feathers; 
however, adult storks, ibises, and spoonbills lack this feature. 

Storks lack syringeal musculature, and most are mute. Bill clat- 
ering is an important form of communication, especially in Ciconi- 
idae. Openbill storks have a distinct separation between their 
rhamphotheca and gnathotheca, whereas the other stork species 
have variably tapered long beaks.'® 


SPECIAL HOUSING REQUIREMENTS 


In a captive environment, meeting the physical, social, and psycho- 
logical needs of the species through appropriate exhibits, social 
groupings, and opportunities to express species-appropriate behav- 
iors will maximize their welfare. Large meshed exhibits, which allow 
uninterrupted flight, are most ideal. Where this is not possible, 
feather clipping may be performed to keep birds in open exhibits. 
Pinioning is not recommended, as it potentially interferes with 
breeding ability and may violate legal regulations in some countries. 
A water feature such as a pond or small lake should be available. 
Natural substrate with low, wide stumps is preferred, and trees 
should be available for perching. Many zoologic facilities successfully 
display various Ciconiiformes species in mixed-species exhibits; 
however, care should be taken because interspecific aggression— 
related trauma has been documented. When these birds are housed 
with larger species, a safety zone should be established that allows 
the birds ability to enter while preventing access by the larger species. 


FEEDING 


Most Ciconiiformes species are aquatic carnivores, and fish, amphib- 
ians, aquatic insects, molluscs, small mammals, birds, and reptiles 
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are part of the diet in the wild; however, not all species feed on all 
of these. Some are generalists, whereas others are specialists. For 
example, openbill storks feed on freshwater snails (Pilia spp.) and 
bivalve mollusks almost exclusively. Adjutant storks are part-time 
scavengers at kills of large predators; however, they feed their young 
only live-caught prey. Some ibises hunt for insects in grasslands. 
Spoonbills have large, flat, spatulate bills and feed by wading through 
shallow water, sweeping the partly opened bill from side to side. The 
moment any small aquatic creature—an insect, crustacean, or tiny 
fish—touches the inside of the bill, it is snapped shut. ”/” 

In a captive environment, Ciconiiformes species are fed a variety 
of fish, whole vertebrate prey (e.g., rodents, juvenile rabbits, day-old 
chicks, and amphibians), nutritionally balanced ground-meat carni- 
vore products, insects, earthworms, and commercially prepared car- 
nivore and avian dry and semi-dry pelleted diets. As in other 
carnivore species, it is important to avoid excessive amounts of 
vitamin A in the diet. Chicks are fed regurgitated food, so appropriate 
food sizes are important. For growing chicks, it is important to 
supplement the diet with calcium (e.g., bone meal, calcium lactate) 
and to ensure that they have access to dietary sources of vitamin D 
(as found in whole prey food items) and exposure to natural or 
artificial ultraviolet B (UVB) light. Where fish is a predominant 
portion of the diet, it is essential to supplement with vitamin E and 
thiamine to offset the peroxidation and thiaminase activity in frozen 
fish.“ Roseate spoonbill and scarlet ibis require supplementation 
with special pigments (synthetic canthaxanthin) in their diet so that 
they can exhibit normal natural brilliant feather and skin coloration 
similar to flamingos. In the wild, they obtain these pigments from 
feeding on aquatic invertebrates. Newly hatched chicks of these 
species will lack pigment. 


RESTRAINT AND HANDLING 


Appropriate planning should take place prior to capture or immo- 
bilization. Capture myopathy is not uncommon in Ciconiiformes. 
Care should be taken when handling and restraining to prevent 
injury to the bird and to the handler. Ensuring that an appropriate 
number of people are present is paramount, particularly with larger 
birds. Birds may be initially netted, or herded into a smaller space, 
for hand capture. The long legs and the beak should be controlled 
to prevent trauma. Personal protective equipment such as safety 
glasses or face shields is recommended, particularly with aggressive 
individuals. Some handlers place a large syringe case or a similar 
apparatus over the beak as an additional safety measure for species 
with sharp-tipped bills. 

Anesthetic techniques are similar to those used for other large 
avian species. To accommodate the large bill, anesthetic masks often 
need to be fabricated from plastic syringe cases, bottles, cones, 
obstetric gloves, or sheets of rubber. Induction and maintenance 
with gaseous anesthetics (isoflurane or sevoflurane) in oxygen at 
appropriate flow rates is most commonly used for anesthesia. Intuba- 
tion is typically straightforward; however, it should be performed 
with utmost care to minimize trauma and resultant inflammation, 
as postintubation tracheal granulomatous obstruction has been 
reported in some species of Ciconiiformes." Many of the Ciconi- 
iformes species have a crista ventralis in the center of the glottis, 
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which may make intubation a bit more challenging. Induction with 
an intravenous (IV) agent such as propofol (5-7 milligrams per 
kilogram [mg/kg] to effect) is also effective. Where gaseous anesthe- 
sia is not possible, a combination of intramuscular (IM) medetomi- 
dine (0.1 mg/kg), ketamine (5-10 mg/kg), and midazolam (0.1 mg/ 
kg) has proven successful for immobilization in larger stork species 
and would likely work well in other Ciconiiformes species. While 
he bird is under anesthesia, monitoring of end tidal carbon dioxide 
is strongly recommended, as ventilation may be affected by patient 
positioning and significant dead space may exist in the long trachea 
and air sacs. Intermittent positive pressure ventilation during anes- 
hesia is successful in reducing hypercapnea. During recovery from 
anesthesia, the bird should be held or semi-confined (e.g., in a 
padded crate) until it is capable of standing to prevent injury. It is 
best to avoid keeping the legs in one position for the entire procedure 
or surgery. 


SURGERY (COMMON AND 
SPECIAL CONSIDERATIONS) 


Traumatic injury, either self-inflicted or from intraspecies or interspe- 
cies aggression, is the most frequent cause for surgery encountered 
in a captive setting. Techniques used in other avian species are 
applicable. The novel use of hinged braces as an external support 
device for soft tissue joint injuries has been described in storks.” 
Beak prosthetics have also been used successfully. In northern cli- 
mates, ischemic necrosis from frostbite may necessitate amputation 
when medical management is not successful. Necrosis of the cervica 
throat sac was documented in a marabou stork that was managed 
successfully with surgical resection and supportive care (Donna 
Todd, personal communication, 2011). 

Postintubation tracheal obstruction has been reported in storks 
and often requires surgical management via tracheal resection and 
anastomosis or laser ablation. 

Multimodal analgesia is an important component of surgica 
management. Pharmacokinetic and clinical efficacy studies of anal- 
gesics have not been published for any Ciconiiformes species, so 
extrapolation is made from other avian species. Local anesthetics 
(idocaine 1 mg/kg, bupivacaine 1 mg/kg), meloxicam (0.3-0.5 mg/ 
kg, IM, once daily [SID]), and the opioid butorphanol (0.5-1.0 mg/ 
kg, IM, every 4-6 hours [q4-6h]) have been used successfully by the 
authors of this chapter. 


OTHER PHARMACEUTICALS 


No published studies of pharmacokinetics or clinical efficacy exist 
for Ciconiiformes species. Extrapolation for drug dosages is based 
on published studies and experience with other avian species. Fen- 
bendazole toxicity has been reported in marabou storks at a dosage 
of 60 mg/kg, so caution is advised when using this anthelmintic in 
Ciconiiformes.° 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


A systematic approach to the physical examination should always be 
followed. Ciconiiformes may be safely physically restrained for the 
examination. 

Specimen collection and handling are the same as in other avian 
species. Venipuncture may be accomplished from the jugular vein, 
the medial metatarsal vein, or the ulnar vein. As many storks will 
defecate and urinate on their legs to keep cool, it is important to 
clean the metatarsus prior to blood collection to avoid false eleva- 
tions in uric acid. 

Erythrocyte morphology and hematologic and serum biochemis- 
try parameters have been studied in juveniles and adults of several 
Ciconiiformes spectes. “7” 1?:16289139.55975869 The hematocrit, the 
erythrocyte count, and the hemoglobin concentration increase from 
hatching to adulthood, and this is thought to be related to oxygen 
demands for flight.”” Gender- and age-related alterations to serum 


biochemical values have been noted, especially in total protein, 
albumin, uric acid, cholesterol, and aspartate aminotransferase. ’!”” 
The interpretation of hematologic and serum biochemical values is 
similar to that in other avian species. Spoonbills and scarlet ibises 
have pink plasma, which should not be confused with hemolysis. 
Reference ranges for species held in captivity are available from the 
International Species Information System (www.isis.org). 


DISEASE 
General 


Ciconiiformes species are not exquisitely sensitive to infectious 
disease, and many of the diseases reported are not unique to their 
taxon. 


Infectious Disease 


Infectious diseases reported in Ciconiiformes include Ciconiiformes 
hepadnaviruses in gray herons and white storks, viral hemorrhagic 
enteritis in storks (inclusion body disease), avian poxvirus, avian 
paramyxovirus, West Nile virus, eastern equine encephalitis, myco- 
bacteriosis, chlamydiosis, salmonellosis, aspergillosis, and candidia- 
sis. 0 P4147! Bumblefoot and several cases of vegetative 
endocarditis caused by gram-positive cocci were reported in Wal- 
drapp ibises.” Salmonellosis has been the cause of clinical disease 
and mortality in a variety of Ciconiiformes rookeries and is a poten- 
tial zoonosis, especially as increased development causes closer inter- 
actions between humans and vildlife.”””” Campylobacter jejuni 
isolated from several wild Ciconiiformes in the family Ardeidae has 
the potential to cause clinical disease and is a zoonosis (Table 13-1).” 


Parasitic Diseases 


Only a few parasites have been associated with disease in Ciconi- 
iformes. Eustrongylides ignotus is most common in great blue herons 
(Ardea herodius), great egrets (Casmerodius albus), and snowy egrets 
(Egretta thula) but also occurs in a variety of Ciconiiformes. Two 
intermediate hosts are required for its transmission. Larvae perforate 
he ventriculus, with resultant hemorrhage and bacterial peritonitis 
hat may progress to fibrous peritonitis with extensive adhesions.” 

Heartworm infection with Paronchocerca ciconarum has been 
reported in saddle-billed, marabou, white, and white-necked storks, 
with pulmonary artery thrombosis and thickening and myocardial 
degeneration. ° The trematode, Chaunocephalus ferox has been associ- 
ated with granulomatous enteritis in white, black, black-necked, and 
Asian openbill storks.”” Mesaulus grandis (trematode of intestine and 
coelomic cavity), Phagicoloa longus (trematode, intestine), Pergoso- 
mum spp. (trematode, gallbladder and liver), and Paroncocerca cico- 
narum (nematode, myocardial degeneration) have been found in 
various Ciconiiformes species.” Other significant helminth parasites 
include Cathaemasia spp. (esophageal flukes in maribou, white, and 
black storks), Clinostomum complanalum (trematode in oral cavity in 
several Ciconiiformes species) Syncuaria sp. (ventriculus nematode), 
and Thelaszia spp. (conjunctival sac nematode).*°*°’ Although other 
nematodes and cestodes have been described, they are considered 
nonpathogenic.” Giardiasis has been reported in a white stork.”! 
Hematozoa include Haemoproteus crumenium, Haemoproteus brod- 
korbi, and Haemoproteus peircei.'”'” Numerous species of lice also 
have been described.” Sarcocystis sp. cysts have been found in the 
muscle of several Ciconiiformes species.’ Visceral and subcutaneous 
acariasis caused by hypopi of Hypodectes propus bulbuci (mite) has 
been reported in the cattle egret and other Ciconiiformes species.”” 


Noninfectious Disease 


Trauma is the most common noninfectious disease of Ciconiiformes 
in captivity. Musculoskeletal abnormalities in growing chicks, inges- 
tion of foreign objects, and dermatologic issues such as pododerma- 
titis caused by inappropriate substrates may be encountered.” 
Atherosclerosis has been reported in herons.” 

Nutritional diseases include hypovitaminosis E, hypothiaminosis, 
and metabolic bone disease. Although typically a disease of captivity, 
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naturally occurring secondary nutritional hyperparathyroidism was 
described in the nestlings of two colonies of cattle egrets (Bubulcus 
ibis). Adults were feeding chicks exclusively insects low in calcium 
because of the depletions of small mammals in the area.” Steatitis is 
a common problem in Ciconiiformes species maintained in captivity 
or undergoing rehabilitation and occasionally in free-ranging 
birds.” Vitamin E deficiency is often the underlying cause associ- 
ated with ingestion of rancid fish oils or high dietary levels of poly- 
unsaturated fat. Large amounts of firm subcutaneous and coelomic 
fat comprising necrotic adipose tissues with infiltrates of heterophils 
and macrophages are often found.” One study has suggested that 
the cyanobacterial toxin microcystin could cause steatitis.”° 

Degenerative cardiac disease has been documented in saddle-bill, 
painted, and marabou storks.”” Further investigation into heart 
disease in storks is ongoing. 

Published reports of neoplasia in Ciconiiformes are rare. Success- 
ful treatment of a squamous cell carcinoma in a juvenile white stork 
has been described.” Other published cases of neoplasia include 
seminoma in a sacred ibis, osteosarcoma in boat-billed heron, retro- 
bulbar teratoma in great blue heron, undifferentiated carcinoma 
attached to viscera in an Australian bittern, and chondrosarcoma on 
the nictitating membrane in a free-ranging great white heron.*°'” 


Toxicities 

Owing to their aquatic carnivorous lifestyle, free-ranging Ciconi- 
iformes species are at a higher risk for toxicities from environmental 
pollutants such as lead, mercury, and other heavy metals, arsenic, 
and organophosphates and carbamate pesticides. Such exposure may 
ead to disrupted bone metabolism in chicks or to alterations in 
adrenocortical stress responses or thyroid hormone status. The 
pathogenesis and treatment are similar to those in other avian 
species, 500765 Sodium toxicity was reported in captive juvenile 
great blue herons fed a diet of herring in brine; clinical signs con- 
sisted of lethargy, dyspnea, regurgitation, anorexia, and postmortem 
esions involving the kidneys.’ 


REPRODUCTION 


In general, most Ciconiiformes species are socially monogamous, but 
many species are genetically promiscuous. Pair bonding is important 
in most species and may span a single season or multiple years. Each 
species of Ciconiiformes have elaborate behavioral courtship dis- 
plays; exhibits should allow for these important breeding displays to 
occur.'*'*** Most are communal breeders, with some exceptions 
(bitterns, night herons, black storks, and hadada, spot-breasted, and 
oriental crested ibises). Breeding colonies commonly comprise 
mixed species. Ciconiiformes species range from solitary nesters that 
maintain large territories to semi-colonial species to highly colonial 
nesters. It is recommended that colonial species be maintained in 
species-appropriate groups to stimulate reproductive behaviors and 
nest building in conspecifics, and semi-colonial or solitary nesting 
storks should be maintained in pairs..”“" 

Nest size tends to be large, so provision of appropriate platforms 
and nesting material (twigs, leaves, grasses, and straw) is important. 
Nests usually are built in trees (bitterns are the exception). The 
female constructs the nest from plant material, which is usually 
brought to the site by the male. Copulation often takes place in 
the nest itself. Artificial insemination has been used in some 
stork species. Clutch size for the various species ranges from two to 
five eggs and are incubated by both sexes. Many Ciconiiformes 
species will double clutch if the first eggs are removed for artificial 
incubation. The incubation period is dependent on the species 
but, in general, ranges from 29 to 35 days. Hatching is often 
asynchronous. “1929469 

Parental infanticide of smaller chicks, especially in larger clutches, 
has been reported in white storks, and black-necked storks and 
saddle-bill storks may become aggressive toward their chicks as they 
mature.” 


PREVENTIVE MEDICINE 


All birds should receive annual preventive health examinations, 
which should include complete physical examination, weighing, and 
assessment oÍ blood parameters. Where indicated, additional diag- 
nostics may include radiography and ultrasonographic evaluation. 
Fecal examinations are indicated annually or more frequently if 
parasite issues are identified. 
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CHAPTER 


Phoenicopteriformes 
Fabia S. Wyss and Christian J. VVenker 


BIOLOGY 


Flamingos are popular zoo birds because of their elegance and bril- 
liant coloration. They are closely related to grebes (Podicipedi- 
formes) ” and currently divided into six different species, belonging 
to three genera (Phoenicopterus, Phoenicoparrus, Phoeniconaias) within 
the family Phoenicopteridae (Table 14-1). These birds live in large 
colonies and are adapted to extreme habitats, for example, lakes with 
high salinity and alkalinity where no other vertebrates could survive. 
Flamingos are among the longest-lived bird species, and captive 
individuals in zoos may reach a lifespan of up to 70 years.” All 
flamingo species are highly nomadic when searching for feeding and 
nesting sites, but movement patterns vary individually, temporally, 
and spatially among subpopulations and reflect adaptation to varying 
water levels and food availability.” 


UNIQUE ANATOMY AND PHYSIOLOGY 


The plumage color is caused by carotenoids (canthaxanthin, astax- 
nthin, and phoenicoxanthin) found in algae, crustaceans, and mol- 
lusks. After 4 to 6 years, greater flamingos display their adult 
plumage and turn from gray-brown to pink, which is a sign of sexua 
maturity.” Preen oils containing carotenoids are excreted by the 
uropygial gland and are applied as additional cosmetic coloration of 
the feathers.’ The flamingo’s neck is proportionally the longest in 
birds and has 17 cervical vertebrae.'! Flamingos regulate their body 
temperature by resting on one or both legs,” in different water 
depths, or both. 

Sex determination may be performed using polymerase chain re- 
action (PCR) of feather bulbs by isolating deoxyribonucleic acid 
(DNA) of the CHD-W and CHD-Z genes (females) or the CHD-Z genes 
only (males).’ Tarsometatarsal length rather than simple size is a too 
for sex determination in Caribbean, greater, and Chilean flamingos 
older than 1.5 years, with males having larger tarsometatarsi.”” 

Flamingos are divided into two groups according to their diets: 
(1) the Phoenicopterus species, which possess a shallow bill and feed 
primarily on arthropods and mollusks, and (2) the deep-billed Phoe- 
nicoparrus and Phoeniconaias species, which feed on algae and 
diatoms. Flamingos are filter-feeders and hold their bill upside down 
when feeding (Figure 14-1). Food-rich mud or water is pumped and 
released by tongue movements into and out of the oral cavity. Inter- 
nal horn lamellae localized at the upper and lower bills trap the food 
items. Spines on the tongue act as a comb to clean the lamellae. 
Flamingos “walk-feed,” moving forward with the bill in the substrate, 
or “stamp-feed,” treading on the spot to stir up food.” Excessive salt 
is secreted by nasal salt glands.' 

Unlike other filter-feeding birds, flamingos are able to see the tip 
of their bill in their binocular field, probably to be able to accurately 
place the bill when feeding chicks.”” At the same time, the chicks 
orient themselves toward the black bill tip, which is present in all 
species. 


° 


SPECIAL HOUSING REQUIREMENTS 


Several water ponds of different depths should be offered to stimu- 
late foraging. A marsh area with reeds (cut short) offers additional 
enrichment with natural plankton. Flamingos were observed to sleep 
in full sun during the day; different resting sites and microhabitats 
in the enclosure, exposed to the sun at different times of day, 


stimulate the birds to move. Exciting experiences made while moving 
to different places of the enclosure enhances binding of the flock and 
breeding pairs and stimulates synchronization of mating." A 3.5 
square meters (m’) feeding pool, 10 to 15 centimeters (cm) deep, 
has been recommended for flamingos.*’ However, if floating pelleted 
food is used, this may be dispersed on all water surfaces, thus 
expanding the feeding range and feeding time (see Nutrition). A salt 
water pond as a disinfectant foot bath'* is no longer recommended 
because it was observed that it increased already existing foot 
lesions.* Concrete, vinyl or rubber lining, and grass were all shown 
to be inadequate flooring substrates for the flamingo feet.” Covering 
the concrete floor with 10-cm fine granular sand led to a significant 
decrease in foot lesions in indoor and outdoor enclosures. ” Any 
temperature below 15°C has been identified as a risk factor for 
pododermatitis.” Although indoor housing also increases the risk 
for pododermatitis, ” a heated house with a sand substrate should 
be available for flamingos in temperate or cold climate zones. The 
house should be adjacent to the outdoor enclosure so that the birds 
may be kept inside during cold nights and allowed to go out during 
the warmer times of the day.” The flamingo outside enclosure should 
be secured (e.g., using electric wire) against predators. 

Feather clipping, pinioning and feather follicle extirpation are 
acceptable methods to prevent the birds from flying.”’ Pinioned male 
flamingos have shown difficulties in maintaining their balance 
during mating.*’ Feather follicle extirpation has been successfully 
performed in many zoo birds, including flamingos.”” Feather follicle 
atrophy by laser, successfully used in pelicans and cranes, may 
provide a less traumatic and faster means for flight restraint in birds.” 
Vegetation planted in and around the enclosure blocks any runways 
that flamingos could use to rise into the air. Nevertheless, flamingos 
are still able to take off when a gusty wind occurs.” At the Copen- 
hagen Zoo, a 1100 m”: aviary (approximately 50 x 40 m area; height 
10 m) was opened in 2011 for flamingos, ibises, and spoonbills. 
However, the flamingos do not fly in there. ” If locations for resting, 
feeding, drinking, and breeding are close, flamingos seem to prefer 
walking between sites. 

Banding flamingos with rings that may be read easily from long 
distances helps gain knowledge about captive and wild flamingo 
colonies (Figure 14-2).°* Color rings (for small captive colonies) or 
rings with a binary coding system or letter combinations (bigger 
captive and wild colonies) may be used (see website http:// 
www.birdband.com). 


REPRODUCTION 


Group courtship display (raising necks, looking around, calling and 
simultaneous head flagging, walking close together, ritualized wing 
salute, etc.) is performed by both sexes and is assumed to stimulate 
the synchronization of breeding. Warm mild rain fall in spring may 
stimulate greater flamingos to walk to the nesting site. Nests are 
dispersed irregularly but may be built closely together (2.8 nests per 
m° for greater flamingos) in the wild as well as in captivity. ””” Fla- 
mingos usually lay one egg, incubated by both sexes over 28 to 30 
days.'' Captive flamingos are susceptible to unusual disturbances, 
and eggs are easily damaged or abandoned.” Chicks hatch with their 
eyes open and with pink or red legs and bills that turn black within 
the first week. Flamingo chicks are fed by their parents with an 
initially dark red and later pale red to yellow high energy “crop milk,” 
containing canthaxanthin and white and red blood cells, produced 
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by glands in the upper digestive tract.’ Fledging occurs within 2 
to 3 months of age; at that time, the filter feeding apparatus is 
developed.'!*" 

Breeding behavior has been successfully stimulated in small fla- 
mingo flocks in several institutions by the use of artificial nests, loud 
speakers and mirrors around the breeding site to “increase” the size 
of the group, and dummy eggs and application of “mild warm rain” 
with a sprinkler. ” 


FEEDING 


Commercially prepared diets with all essential nutrients, including 
canthaxanthin, are available, but self-mixed diets are used by some 


FIGURE 14-1 Flamingos are filter-feeders and hold their bill upside 
down when feeding. They are able to create a vortex effect. 
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institutions. Floating pellets remain on the water surface for some 
hours and provide excellent enrichment, and waste is minimized. 
Floating extrudate products with sprayed-on oil should be avoided 
because they were found to create an oil film on the water surface, 
and subsequently, flamingos were reported to have difficulties clean- 
ing their plumage. Duckweed may be offered as a supplement, as it 
contains a broad spectrum of natural carotenoids. In multispecies 
exhibits, care should be taken to ensure that flamingos do not feed 
on other large food items, as this may lead to bill impaction and 
subsequent improper feeding, anorexia, and emaciation.'° 

Canthaxanthin, besides being responsible for the coloration of 
the feathers, is primarily a potent antioxidant. It accumulates in egg 
yolk and is assumed to be beneficial for the protection of the embry- 
onic chick.” A breeder formulation with elevated protein content 
should be used during the breeding and hatching season, that is, for 
6 to 8 months per year. 


RESTRAINT AND HANDLING 


All capture operations should be planned well in advance; enough 
staff as well as a small round or oval pen should be available prior 
to capture (Figure 14-3). During the roundup to direct the birds into 
the pen, it must be ensured that the flamingos stay together and do 
not run. Flamingos should be grasped one by one. The wings should 
be kept closed near the flamingo’s body, and the legs should not be 
pulled toward the body. The body is held near the handler’s hip. A 
light blindfold, with the bill and nares exposed, may be used to calm 
the bird. Release should be as quiet as possible. Placing one hand at 
the animals sternum helps it to find its balance. Close inspection 
of the animals in a release pen is recommended to avoid the stressful 
recapture of the whole group in the exhibit if one animal is not well. 


ANESTHESIA AND SURGERY 


Isoflurane administered through an inhalation mask is the anesthesia 
of choice. Premedication is desirable, and a drug combination with 
ketamine, medetomidine, and butorphanol is currently being inves- 
tigated.*! Animals are handled carefully to avoid capture-related 
stress and hyperthermia, and legs should not be pulled toward the 
body to maintain optimal perfusion. Essential monitoring includes 
respiratory rate, heart rate, and body temperature, as well as pulse 
oximetry, electrocardiography, and ultrasonic Doppler probes. 


FIGURE 14-2 A, Large colored plastic rings provide better visibility from a distance than rings with 
numbers. This example shows a binary system with four positions from top to bottom: No line = 0, 
thin line = 1, thick line = 2. So this flamingo is identified as 0 0 1 2 (red left). B, Same animal and 
picture from a larger distance. Lines on ring are still visible. 
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Recovery is prolonged in anesthetized flamingos that become hypo- 
thermic, and fatalities may result. Intubation is difficult because 
of the limited opening of the bill and because of the back of the 
tongue blocking the passage of an adequately sized endotracheal 
tube. 

Surgical techniques in flamingos are similar to those in other 
birds. Pinioning, feather follicle extirpation, laparoscopy, fracture 
repair, and debridement of pododermatitis are the most common 
surgical procedures. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


In general, the diagnostic workup in flamingos corresponds to that 
in other birds. During physical examination, the highly specialized 


FIGURE 14-3 Example of a capture pen for 120 flamingos with jute 
curtain. 


TABLE 14-2 


bill should be checked for any impacted material that prevents 
accurate filtration; bill impaction may be visible from a distance 
because of retrograde displacement of the tongue, which creates 
gular enlargement.'° No closed septum exists between the nares; 
therefore, when looking through one nare during lateral inspection, 
the other nare can be seen. The plantar feet should be examined 
thoroughly because of the high prevalence of pododermatitis in 
captive animals. The type and the extent of foot lesions should be 
determined (Figure 14-4).””' Blood is preferably collected from the 
jugular, the medial metatarsal or the ulnar vein. Pressure should be 
applied on the puncture site long enough to control bleeding and to 
prevent hematoma formation, especially in juveniles. Blood smears 
are screened for hemoparasites. Hematologic and biochemical refer- 
ence values have been published for several flamingo species and 
ages (Table 14-2, 14-3, and 14-4). Pink-orange plasma and serum 
coloration is physiologically caused by high xanthoid and carotenoid 
contents. ” Packed cell volume (PCV) increases with age and may 
indicate increased requirements of oxygen during growth. Neither 
the nutritional status nor the body condition of chicks was related 
to PCV.* Cholesterol plasma levels may be used to predict the body 
condition of flamingo chicks as they are negatively correlated.’ 


A 
FIGURE 14-4 Classification of foot lesions in captive flamingos. 
A, Hyperkeratosis. B, Fissures. C, Nodular lesions. D, Papillomatous 
growths. (Courtesy of American Association of Zoo Veterinarians.) 


Parameter Caribbean” Juvenile/ Greater” Juvenile 

(mean + SD) Adult Chilean” Adult Captive/Wild Lesser” Adult 
n = 13-28” n= 32 n = 16-27* n=10 

RBC (x10°/uL) 1.48 + 0.19 2.84 + 0.51 — 2.7.50/4 

Hemoglobin (g/dL) 13.44+2.2 16.9+1.9 12.2+1.0 16.8+ 1.6 

PCV (%) 47.9+5.1 46+5 40.6 + 4.2 50+3 

MCV (fL) 326.7 + 47.1 163.9 + 26.3 — 188 +6 

MCH (pg) 91.6 + 17.2 55.5 + 7.6 — 62.0 £ 5.4 

MCHC (g/dL) 28.1 * 3.9 34.6 + 1.9 — 33.0 £ 2.5 

WBC (x105/uL) 8.71 + 3.67 6.65 + 3.28 11.7+4.2 6.0 + 2.0 


Heterophils (x10°/uL; 96) 3.57 + 3.17, 39.86 + 20.98 


2.57 + 1.39; 26.7 + 7.2 


5.26 +2.39; 46.0 +13.8 4.63 + 1.85; 77 + 8 


Lymphocytes (x10°/uL; 96) 4.51 + 2.82; 52.21 + 22.35 4.91 + 


2.04 


; 67.4 + 7.3 


4.86 + 2.34; 41.4 +12.3 


1.21 + 0.56; 21 + 7 


Monocytes (x10°/uL; 96) 0.39 + 0.28; 5.07 + 4.15 0.06 + 


0.07 


; 0.59 + 0.59 


0.40 + 0.34; 3.3 + 1.9 


0.10 + 0.15, 1.4 + 2.1 


Eosinophils (x105/uL, 96) 0.08 + 0.20; 0.86 + 2.03 


0.55 + 0.50; 5.76 + 3.20 


0.90 + 0.72; 7.3 + 4.6 


0; 0 


Basophils (x103/uL: 96) 0.01 + 


*n varies between parameters; range indicating minimal and maximal number of animals sampled. 


0.02 


: 0.18 + 0.39 


0.26 + 0.23; 2.1 + 1.6 


0.06 + 0.08; 1.2 + 1.6 


fL, femtoliter; g/dL, grams per deciliter; uL, microliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, 
mean corpuscular volume; PCV, packed cell volume; pg, picogram; RBC, red blood cell; WBC, white blood cell. 
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TABLE 14-3 


a} Pope ee 
ALL 


Parameter Greater” Juvenile 
(mean + SD) Caribbean” Juvenile/adult Chilean” Adult Captive/Wild Andean” Juvenile, Wild 
n = 13-28” n= 32 n = 16-27” n= 14 
Total protein (g/dL) 4.06 + 0.45 5.3+0.5 3.44 + 0.33 2.9 + 0.4 
Albumin (g/dL) m 2.77 + 0.44 1.43 + 0.16 1.4 + 0.3 
Globulin (g/dL) — 1.57 + 0.46 2.02 + 0.22 1.5 = 0.2 
Chloride (mEq/L) 116.9. 3:3 103.5 + 10.3 119.5+5.9 = 
Sodium (mEq/L) 149.8 + 5. 16147 156.4 + 3.9 — 
Calcium (mg/dL) 13.37 + 4.29 12.4 42.0 10.77 + 0.60 14.8 + 3.2 
Phosphorus (mg/dL) 3.93 + 1.44 36.22 + 5.57 6.03 + 0.62 5.2+1.5 
Potassium (mEq/L) 2.84 + 0.50 3.1+0.6 2.82 + 0.46 — 
Magnesium (mEq/L) = 2.2 + 0.6 1.44 + 0.15 == 
Glucose (mo/dL) 197.8 + 46.2 202.9 + 40.4 152.7 + 36.1 — 
Uric acid (mg/dL) 12.92 + 4.69 6.00 + 2.60 5.26 + 2.72 — 
Urea (mg/dL) m 1.45 + 0.70 0.65 + 0.32 — 
Creatinine (mg/dL) — 0.50 + 0.10 0.20 + 0.01 0.11 + 0.06 
Cholesterol (mg/dL) = 320.0 + 88.8 286.6 + 56.7 461 + 76 
Triglycerides (mg/dL) = 247.0 + 79.7 116.8 + 79.6 — 
ALP/AP (Units/L) 166.0 + 128.8 48.1 + 15.9 796 + 120.7' — 
AST (Units/L) 273.0 + 103.4 74.7 + 29.6 222.2 + 61.8 269 + 63 
CK (Units/L) 1058 + 1096 541 + 345 2254 + 1013 — 
LDH (Units/L) 267.5 + 452.8 238 + 126 606.1 + 164.6 — 
ALT (Units/L) = 18.2 + 5.7 16.4 + 5.6 48 + 26 


55— I I” III ——— ————— ——————-—-— —.——— ———————————— ——————— ———————  —......—————————— — —— sl 
*n varies between parameters, range indicating minimal and maximal number of animals sampled. 

tn = 5 for ALP/AP. 

ALP/AP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; g/dL, gram per deciliter; LDH, lactate 
dehydrogenase; mEq/L, milliequivalents per liter; mg/dL, milligram per deciliter; Units/L, units per liter. 


TABLE 14-4 


Greater™ Juvenile, Greater™ Juvenile, 


Captive Wild 
Vitamin A (mg/dL) 0.06 + 0.01 0.06 + 0.01 
Vitamin E (mg/dL) 1.00 + 0.32 0.74 + 0.22 
Copper (ug/dL) 40.9 + 16.5 32.5 £ 2.4 
Zinc (ug/dL) 164.3 + 55.3 177.9 + 23.7 


mg/dL, Milligram per deciliter; wg/dL, microgram per deciliter. 


Radiography, ultrasonography, laparoscopy, or endoscopy may be 
performed as in other birds. 


THERAPEUTICS AND INTENSIVE CARE 


Pharmacologic studies have not been performed in flamingos, and 
thus drug dosages have to be extrapolated from other bird species. 
Recumbent flamingos are placed in a sling for recovery (Figure 
14-5).'' Food, water, and heat should be provided. Tube feeding may FIGURE 14-5 Recumbent flamingo placed in a sling for recovery. 
be necessary, although flamingos are able to fast for several days. To This procedure requires constant monitoring. 
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reduce stress in hospitalized animals, it is beneficial to provide a 
partner animal or to use mirrors and loudspeakers to mimic a fla- 
mingo colony. Preventive antifungal therapy for aspergillosis should 
be considered. Regular exercises and physiotherapy on the ground 
or in the water are used for rehabilitation. 


DISEASES 
Pododermatitis 


Pododermatitis is probably the most important health problem in 
captive flamingos. It is a multifactorial disease, and colder regions, 
temperatures below 15°C, and indoor housing were shown to 
influence the extent of this disease.” Hyperkeratosis, fissures, and 
nodular lesions develop at the plantar surface of the feet of juvenile 
greater flamingos as early as at 2 to 3 months of age. Papillomatous 
growths, a fourth type of lesion, were not seen before 5 months of 
age and appeared significantly less often in flamingos younger than 
1 year than in all other age groups.” The prevalence of nodular 
lesions with ulceration was increased in greater flamingos weighing 
more than 4 kg, but none of the other lesions was affected by body 
weight. The number of foot lesions was much smaller in birds 
housed in enclosures with water ponds that had natural substrate 
(e.g., sand) compared with those in exhibits with pools that had a 
concrete floor.’ A 10-cm cover of fine granular sand with a grain 
size less than 1 mm in diameter improved foot lesions markedly.” 
Nutrition may play a role in the onset of pododermatitis: low zinc 
levels were suspected to weaken the cornified epidermis and facili- 
tate the onset of the disease.” No evidence for the presence of papil- 
lomavirus, previously discussed as etiologic agent, was found when 
histology, PCR, immunohistochemistry, and electron microscopy 
were performed.” A novel bacterium, Arsenicicoccus dermatophilus, 
was found to invade the cornified epidermis of juvenile flamingos’ 
feet that macroscopically appeared unaffected.'* This organism is 
suspected to be responsible for a primary inflammation, which 
causes the different types of foot lesions if the factors described above 
are suboptimal.” 


Capture Myopathy 


Long-legged waders such as flamingos are prone to capture myopa- 
thy.” Cases in Chilean, Caribbean, and greater flamingos were 
mostly fatal despite intensive treatment.” Animals usually die 
because of massive myoglobinuric tubulonephrosis and kidney 
failure, but a peracute shock syndrome has been reported in other 
animals” and was probably the cause of death in two Caribbean 
flamingos./” One Caribbean flamingo survived and was released back 
into the group after 12 days of treatment. The following measures 
are recommended to treat capture myopathy in flamingos: placing 
affected birds in a sling to prevent further muscle damage; support- 
ing the kidney function by providing fluids; reducing inflammation 
and pain using nonsteroidal anti-inflammatory drugs (NSAIDs) or 
opioids; providing benzodiazepines for muscle relaxation and to 
reduce muscle spasms (midazolam, diazepam), sodium bicarbonate 
to reduce metabolic acidemia, and vitamin E or selenium as an 
antioxidant; and providing supportive treatment (force feeding, 
warmth) and physical therapy. Since capture myopathy is difficult to 
treat, prevention is very important. 


Trauma 


Trauma such as fractures, luxations, and soft tissue injury was diag- 
nosed in 28% of all necropsy reports of greater flamingos from 
the Zoo Basel from 1972 to 2012 (n = 124); among these cases, 
35% were killed by predators, mostly red foxes. Other predators 
may include badgers, coyotes, raccoons, or dogs. Leg fractures are 
common in startled, captured, or restrained flamingos. Fractures 
of the tibiotarsal and tarsometatarsal bone occur most often.'' Inter- 
digital webs and digits are prone to be affected by frostbite. Clinical 
signs include lameness and darkening and eventual necrosis of the 
affected tissue. 


nodule of the skin, proximal to the tibiotarsal-tarsometatarsal joint of 
a juvenile flamingo, was histologically confirmed as avipox infection 
after surgical excision. 


Infectious Disease 


West Nile virus (VVNV) has been isolated from a dead Chilean fla- 
mingo, following cases of human encephalitis in the United States.” 
The vaccination of adult flamingos and 1-month-old flamingo chicks 
with a killed WNV vaccine (intended for horses) failed to produce 
a demonstrable virus-neutralizing activity or antibody response.’**” 
Avipox infections are characterized by slightly bleeding and rapidly 
growing skin tumors (Figure 14-6). Following surgical removal, 
virostatic therapy with famciclovir was successfully performed in two 
cases. * Massive die-offs in lesser flamingos were reported from Lake 
Bogoria and Lake Nakuru, Kenya, and an infection with Mycobacte- 
rium avium serovar I was suspected. Like other birds, flamingos are 
susceptible to aspergillosis. In the Zoo Basel, aspergillosis was diag- 
nosed in postmortem examinations in 7 of 124 animals, including 
three animals that had been intensively treated for capture myopa- 
thy; therefore, preventive systemic antifungal drugs (e.g., itracon- 
azole) are recommended for flamingos in stressful disease conditions 
or in an intensive care situation. Parasites, including hemoproteus sp. 
and plasmodium sp.,'’ cestodes,’’ nematodes, flagellates, lice, and 
mites (all from the Zoo Basel survey) were reported in individual 
flamingos. 


Noninfectious Disease 


Atherosclerosis was associated with several unexplained collapses or 
deaths during stressful situations and was diagnosed in 14% of the 
necropsy reports from greater flamingos in the Zoo Basel from 1972 
to 2012 (n= 124). Affected flamingos were between 14 and 50 years 
old. Amyloidosis of various organs (6%) and gout (renal or visceral, 
4%) were other, noninfectious findings. Limb deformities were 
reported in various flamingo species;” in the greater flamingos of 
the Zoo Basel, this was a cause for euthanasia or an incidental finding 
in 9% of the birds. Surgical correction and various banding tech- 
niques could be successful treatment options.” 


Toxicities 
Another differential diagnosis of the massive die-offs of lesser flamin- 


gos at Lake Bogora and Lake Nakuru, Kenya, as well as at Lake 
Manyara, Tanzania, was the intoxication with cyanobacterial toxins, 


as indicated by the presence of cyanobacteria and hepatotoxins 
(microcystin -LR, -RR, -LE -YR) and neurotoxins (anatoxin-a) in the 
stomach contents, and the observation of neurologic signs in the 
birds after being at the lake.**”' Lead poisoning by the ingestion of 
lead shots was suspected to be the cause of death of wild greater 
flamingos with severe emaciation, inability to fly, and bile-stained 
diarrhea.” 


TRANSPORT 


For short transfers or air transports, flamingos may be placed in 
boxes one by one, just large enough to enable the birds to stand and 
lift their heads. For longer road transfers, flamingos should be kept 
in groups in narrow transport pens with padded walls and griped 
floors, for example, in a horse transporter with flexible compart- 
ments. Transport during hot days should be avoided. 
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CHAPTER 1 5 


Charadriiformes 


Stephanie McCain 


GENERAL BIOLOGY 


Charadriiformes are a diverse group of birds with three suborders: 
Alcae, Charadrii, and Lari.” The suborder Alcae includes the auks, 
with 22 species. The suborder Charadrii includes 203 species in 12 
families, including avocets, ibisbills, jacanas, oystercatchers, plovers, 
sandpipers, snipes, stilts, thick-knees, and others. The suborder Lari 
contains 105 species and includes gulls, terns, skimmers, and skuas. 
Charadrii live, breed, and forage along the waters edge, whereas 
Alcae and Lari are more aquatic. Charadrii are birds of the open, 
except the woodcock, which inhabits edges of wet, wooded areas, 
and solitary and spotted sandpipers may be found at heavily forested 
ponds and lakes, from sea level to high in the mountains. Shorebirds 
migrate over long distances; the red knot migrates from the Arctic 
region to Tierra del Fuego. Most shorebirds are gregarious, and 
mixed flocks of several species are frequently seen. 


UNIQUE ANATOMY 


A wide variation in appearance exists among the birds in this order. 
Alcids are generally small- to medium-sized birds with stocky bodies 
and short wings and tail. Charadrii tend to be long-legged and have 
a remarkable variety of bill shapes and sizes, from the long, down- 
curved bill of the curlew to the short, stubby plover’ bill. The Lari 
suborder comprises species ranging in size from small to large and 
slender- to heavy-bodied, long-winged birds. The skimmers have a 


unique bill structure, with a very narrow and long lower bill com- 
pared with the upper bill. The crop and the gizzard are often simple 
and reduced. 


SPECIAL HOUSING REQUIREMENTS 


Consideration must be given to land, water, and air space for these 
birds, and requirements will vary by species. Various substrates have 
been used successfully. Pools should be easy to clean and sized 
appropriately for the species and number of birds. Air quality may 
be important in preventing respiratory fungal infection,” and exhibit 
design should consider open-air exhibits or those with proper ven- 
tilation and facility for purification. Quarantine and hospitalization 
should take place in appropriate-sized enclosures that allow for 
inclusion of a pool. A pool should be large enough for all birds 
housed in the room to enter the water all at once and should be 
located away from the entrance so that the birds feel safe in the pool 
when a staff member enters the room. A sandy shore or soft soil is 
recommended, as it allows normal feeding behavior. Adequate 
privacy and hiding places should be provided. 


FEEDING 


Marine diets typically consist of fish or invertebrates. Captive diets 
may consist of these items or may also include commercial diets such 
as those prepared for birds of prey or flamingos. Following proper 


fish handling and storage guidelines is essential. Most shorebirds 
have a carnivorous nutritional feeding strategy referred to as fauni- 
vora. Faunivora is the digestive ability to separate digestible soft 
issues from relatively indigestible components in prey items such as 
insects and invertebrates.'* The gizzard in these shorebirds is adapt- 
able, with a large proventriculus for protein breakdown.'* Depending 
on the species of shorebird, the diet may consist of marine worms, 
fly larva, beetles, crustaceans, mollusks, small fish, seeds, and occa- 
sionally berries. 


RESTRAINT AND HANDLING 


Manual restraint is appropriate for most Charadriiformes species. If 
possible, the target individual should be restricted to a small area 
rather than caught in a large enclosure. The smaller the area and the 
fewer the birds in the area, the easier it is to catch the targeted bird. 
A net may be used to catch quick birds. A light towel or gloves may 
be helpful for restraint, particularly in alcids. If necessary, the pool 
should be drained or dropped. Alcids should be restrained by using 
one hand to secure the head and the other to secure the wings and 
by holding the bird against the body. In larger charadrii, the wings 
should be secured by holding the body tucked under one arm to 
help prevent causing any damage to the bird. A finger should be 
placed between the birds legs for better control and to ensure that 
he legs do not rub together. The head should be restrained with the 
other hand. Care should be taken with the beak, as it may cause 
injury to the handler; however, covering of the nares should be 
avoided. In some cases, a second person may be helpful to restrain 
he head. In the case of small charadrii, the bird may be held upright 
against the handlers body with one hand to secure the wings and 
one hand to secure the beak (Figure 15-1). In even smaller species 
such as plovers, the restrainer may hold the bird in one hand with 
the back of the bird against the palm of the hand and the head 
between the index and middle fingers. 

The most common anesthetic agents used in Charadriiformes are 
isoflurane and sevoflurane. These may be administered via a face 
mask after manual restraint. Face masks may be fabricated from 
empty syringe cases with part of a disposable glove placed over the 
end to better fit long-beaked birds. Intubation should be performed 
when control of the airway is desired, as in prolonged procedures or 
if the bird is not ventilating well on its own. Breath holding may be 
seen in diving species. 

Anesthetic monitoring is similar to that in other birds. Use 
of a thermometer, electrocardiography, Doppler, pulse oximetry, 


such as plovers. The restrainer may hold the bird in one hand, with 
the back of the bird against the palm of the hand and the head 
between the index and middle fingers. 


CHAPTER 15 “ Charadriiformes 113 


capnography, and blood gas analysis may all be useful. Birds should 
be restrained during recovery and not allowed to recover in a crate, 
as they tend to flap as they recover and may injure themselves. The 
same restraint methods should be used, as described above, making 
sure that keel movement is not restricted. 


SURGERY 


The most common surgical procedures include fracture repair, treat- 
ment of pododermatitis, and pinioning for flight restriction. The long 
egs of many Charadriiformes species are susceptible to trauma, 
especially during restraint. Treatment of pododermatitis is similar to 
hat used in other avian species. The main methods of restricting 
light include pinioning chicks, regular wing trimming, and the use 
of covered enclosures. Pinioning is more invasive, but regular clip- 
ping, which is the alternative, requires frequent restraint, which may 
result in injury. The pros and cons should be discussed at each 
institution. (Also see Chapter 65). 


OTHER PHARMACEUTICALS 


Pharmacologic data are lacking in Charadriiformes, and dosages for 
most drugs are extrapolated from other avian species. Because of the 
susceptibility of alcids to aspergillosis, many institutions prophylacti- 
cally treat these birds with antifungals (e.g., itraconazole) beginning 
a few days prior to shipment. 

Endoparasites may be treated with pyrantel, fenbendazole, or 
ivermectin, as appropriate. Capillaria is a relatively common parasitic 
disease of Charadriiformes and may be difficult to get rid of. Infesta- 
tion with ectoparasites may be treated with ivermectin. 


PHYSICAL EXAMINATION 
AND DIAGNOSTICS 


Physical examination is easily completed during manual restraint. 
Blood samples may be collected under manual restraint or general 
anesthesia. The jugular vein, ulnar vein, and metatarsal vein are all 
commonly used sites. Care must be taken to provide adequate hemo- 
stasis when using the ulnar or metatarsal vein, as these sites are prone 
to hemorrhage for a longer period compared with the jugular vein. 
A wrap may be applied to the leg for a brief period, if necessary. 
Reference values for hematologic and biochemical parameters of 
selected species are listed in Tables 15-1 and 15-2." 


DISEASES 
Infectious Diseases 


Bacterial infections may be primary or secondary. Salmonella spp., 
Erysipelothrix spp., Campylobacter spp., Chlamydophila spp., and Yer- 
sinia spp. have been reported in Charadriiformes and have zoonotic 
potential.” Mycoplasma spp. are also occasionally encountered. Myco- 
plasma spp. have been isolated from stone curlews, with most birds 
having no associated pathologic findings.”” Mycobacterium avium 
infection is uncommon but should be considered with any radio- 
graphic evidence of bony lesions, particularly when other diagnostics 
support an infectious cause.* Laughing gulls are considered highly 
susceptible to avian mycobacteriosis.'' Wounds and pododermatitis 
esions may become infected with a variety of bacteria, which may 
ead to osteomyelitis. Klebsiella pneumoniae often is implicated in 
cases of respiratory tract disease in captive Charadriiformes and was 
implicated in mortality of black stilt chicks.*! 

Avian influenza is not rare in Charadriiformes. Typically, it causes 
an inapparent or subclinical infection. A mortality event occurred in 
wild common terns in South Africa in 1961, but this is not typical. ° 
In shorebirds, 10 of the 15 hemagglutination type and 8 of the 9 
neuraminidase type have been identified, and many of the combina- 
tions are unique to Charadriiformes. The H9 and H13 types pre- 
dominate. The avian influenza type H5N1 has been identified in 
shorebirds. 
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TABLE 15-1 —— s 


Tufted puffin Black-necked stilt Cape thick-knee 

(Fratercula (Himantopus (Burhinus Inca tern (Larosterna Masked lapwing (Vanellus 
Parameter cirrhata) (N) mexicanus) (N) capensis) (N) inca) (N) miles) (N) 
Leukocytes (x10°/uL) 1.57-18.37 (111) 0.68-11.69 (59) 4.37-27.53 (65) 1.97-21.17 (275) 1.03-14.36 (72) 
Hematocrit (%) 34.7-58.8 (118) 37.5-63.6 (68) 39.3-54.4 (66) 40.3-58.6 (285) 31.3-55.5 (70) 
MCHC (g/dL) 23.9-40.0 (74) 
Heterophils (x105/uL) 1.06-10.67 (108) 0.00-6.61 (59) 1.46-19.14 (65) 0.67-8.91 (270) 0.42-8.23 (71) 
Lymphocytes (x10%uL) 0.15-8.05 (110) 0.00-6.12 (59) 0.50-10.52 (65) 0.54-12.10 (275) 0.19-7.51 (70) 
Monocytes (x10°/uL) 0-0.79 (71) 0-0.62 (43) 0-1.68 (58) 0.04-—1.34 (242) 0-325 (50) 
Eosinophils (x10°/uL) 0-0.86 (45) 0-2.93 (55) 0.02-0.47 (183) 0-1027 (52) 
Basophils (x10°/uL) 0-0.99 (59) 0-0.43 (44) 0-1.05 (48) 0.06-2.15 (670) 0-531 (48) 


MCH, Mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume. 

From Teare JA, ed: 2013, “Tuffed Puffin; Black-necked Stilt; Cape Thick Knee; Inca Tern; Masked Lapwig;_No_selection_by_gender__All_ages 
_combined_Conventional American Units and Values__2013_CD.htmI” in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., 
International Species Information System, Bloomington, MN. 


TABLE 15-2 i cote 


Tufted puffin Black-necked stilt Cape thick-knee 

(Fratercula (Himantopus (Burhinus Inca tern (Larosterna Masked lapwing (Vanellus 
Parameter cirrhata) (N) mexicanus) (N) capensis) (N) inca) (N) miles) (N) 
Glucose (mg/dL) 239-471 (102) 156-367 (54) 147-420 (64) 192-448 (241) 197-415 (69) 
Blood Urea Nitrogen 1-5 (48) 1-10 (103) 

(mg/dL) 

Creatinine (mg/dL) 0.0-0.5 (44) 0.0-0.7 (29) 0.1-1.1 (116) 
Uric Acid (mg/dL) 3.5-27.3 (103) 0.0-13.8 (52) 1.5-19.6 (64) 2.6—25.0 (239) 1.4—20.8 (71) 
Calcium (mg/dL) 8.4—11.7 (103) 7.0-10.9 (52) 7.8-10.9 (61) 7.5-11.1 (220) 6.4—11.5 (68) 
Phosphorous (mg/dL) 0.0-6.2 (56) 0.0-6.6 (41) 0.0-6.4 (49) 0.4-6.7 (191) 0.0-7.0 (67) 
Sodium (mEq/L) 140-176 (53) 137-175 (33) 143-163 (58) 139-166 (194) 143-167 (53) 
Potassium (mEq/L) 0.5-3.9 (52) 0.0-8.9 (31) 0.3-3.9 (55) 1.0-6.8 (191) 0.0-6.9 (52) 
Chloride (mEq/L) 108-127 (43) 108-126 (43) 98-127 (166) 112-132 (39) 
Cholesterol (mg/dL) 144-583 (92) 106-395 (39) 146-429 (39) 204-462 (178) 113-304 (50) 
Triglycerides (mg/dL) 19-74 (42) 
Total Protein (g/dL) 2.9-5.7 (114) 2.3-4.7 (52) 2.4—5.0 (61) 2.6—5.2 (235) 2.2-4.6 (70) 
Albumin (g/dL) 0.9-2.9 (87) 0.5-2.0 (36) 0.5-2.2 (50) 0.7-2.2 (184) 0.0-2.8 (58) 
Globulin (g/dL) 0.3-3.7 (87) 1.1-3.3 (37) 0.8-3.8 (50) 0.5-3.4 (193) 0.2-3.6 (58) 
AST (IU/L) 65-331 (102) 51-336 (52) 84-605 (62) 78-412 (219) 131-422 (67) 
ALT (IU/L) 6-79 (41) 0-150 (30) 8-66 (135) 
Total bilirubin (mg/dL) 0.0-0.7 (37) 0.0-0.7 (33) 0.0-1.3 (130) 
Amylase (U/L) 209-1417 (64) 
ALP (IU/L) 0-60 (29) 0-413 (37) 4-59 (35) 64-410 (163) 0-118 (38) 
LDH (IU/L) 0-1011 (37) 0-4260 (30) 114-782 (121) 0-2209 (27) 
CPK (IU/L) 145-1431 (96) 0-1157 (47) 0-796 (50) 72-720 (190) 218-2318 (66) 


15——  — o .o...o.— ————————————————— _ st 
AST, Aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phoshatase; LDH, lactate dehydrogenase; CPK, creatine 
phosphokinase. 

From Teare JA, ed: 2013, “Tuffed Puffin; Black-necked Stilt; Cape Thick Knee; Inca Tern; Masked Lapvvig, No, selection by. gender. All ages 
_combined_Conventional American Units and Values 2013 CD.html” in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., 
İnternational Species Information System, Bloomington, MN. 


Paramyxovirus type 1 has been isolated from tufted puffins,” and 

Newcastle disease virus and infectious bursal disease virus have been 
detected serologically in wild Charadriiformes.* The significance of 
these diseases is unknown. A mortality event has been associated 
with a reovirus in American woodcock,’ and avian pox has been 
diagnosed in a royal tern,’’ sanderlings, ° and stone curlews.'° Puf- 
finosis is a serious viral disease of unknown cause.” It is associated 
with annual mortality in Manx shearwaters (Puffinus puffinus) and is 
thought to be spread by the trombiculid mite (Neotrombiculus 
autumnalis). 
Aspergillosis is not uncommon in captive Charadriiformes, 
although it is rare in free-ranging populations. Aspergillus fumigates 
is the most common causative agent. Stress and subsequent immu- 
nosuppression likely play a role in the pathogenesis of the disease 
in birds in captivity. The fungus is generally acquired through the 
respiratory tract, causing lesions in the air sacs, lungs, and even the 
central nervous system and eyes. Significant changes with animal 
management (e.g., newly introduced birds and exhibit construction), 
and inherent social or physiologic stressors such as breeding, 
molting, and interspecies competition for territory and food, are 
major factors that enhance the birds’ susceptibility to fungal disease. 
Auks undergo annual molt of flight feathers, and this period may be 
associated with reduced appetite and increased susceptibility to 
disease, including aspergillosis.’ Poor air turnover, excessive humid- 
ity, and certain types of substrates may increase fungal growth and 
sporulation within the exhibit. Diagnosis and treatment of aspergil- 
losis are discussed elsewhere.*”'” 


Parasitic Diseases 


A variety of endoparasites and ectoparasites have been seen in Cha- 
radriiformes. 71571 The most common reports include cestodes and 
capillaria.” Cestodes are more common in wild-caught birds than in 
the captive born because of the lack of a suitable intermediate host. 
Capillaria has a direct life cycle and is easily transmitted between 
birds. Several species of ticks have been identified on wild birds and, 
although are not considered significant themselves, may carry hemo- 
parasites and viruses. 7027 Cyclocoelum sp. trematodes have been 
seen in shorebirds and may be associated with respiratory infection, 
airway obstruction, and acute death. Lice do not generally affect 
feather quality; however, they may cause pruritus. 


Noninfectious Diseases 


The most common noninfectious diseases in captive Charadriiformes 
include trauma, pododermatitis, and circumferential foreign body 
entanglement of the digits. 
Trauma, either from accidents or from interspecies aggression, is 
not uncommon. Treatment of fractures or ligament repair should 
follow standard avian techniques and must allow the bird to be 
functional. Some instances may require limiting access to water. In 
cases of beak trauma, it is important to restore the functionality of 
he beak. Birds may require nutritional support during treatment or 
repair. 
Pododermatitis may occur in nearly all Charadriiformes species 
and may be seen at any age. Although a number of predisposing 
factors such as stress and nutrition may play a role in the occurrence 
of pododermatitis, other factors such as substrate quality, character, 
and cleanliness seem to predominate in the development of clinical 
disease. Prevention is key to management. Sand substrate has been 
used successfully and should be cleaned of debris and feces at least 
daily. Sand depth must be adequate to ensure proper drainage. Pine 
shavings should be used with caution, as they have been associated 
with pododermatitis in shorebirds. Adequate space for exercise is 
important in prevention as well.’ Treatment of pododermatitis 
depends on the severity of the lesion and may include anti- 
inflammatories, antibiotics, bandaging, or surgical intervention. 

Foreign objects such as thread, hair, and other stringlike material 
may wrap around the digits and cause avascular necrosis. If identi- 
fied quickly, damage may be minimized; however, the need for 
partial amputation is not uncommon. Walk-through exhibits 
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should be monitored closely to prevent problems caused by foreign 
objects. 

Metabolic bone disease has been seen in American avocets and 
black-winged stilts. Scissor bill and curly toe may result from inap- 
propriate incubation and are seen in avocets and stilts.” Corrective 
trimming may be attempted to realign the bill, although some devia- 
tion may persist. It is important to ensure adequate nutritional intake 
during this time. Curly toe may often be corrected with splints and 
appropriate substrate. 

Neoplasms have not been commonly reported. A report of a 
suspected teratoma in a black-headed gull has been published." 

Chicks are susceptible to such problems as yolk sac infection or 
retention, sepsis, dehydration, hypothermia, weakness, splayed leg, 
constipation, trauma, poor feeding reflex or appetite, and poor 
weight gain. Early recognition and treatment are often necessary to 
prevent long-term complications or mortality. Thermoregulatory, 
hydration, and nutritional support of chicks are all critical. 


Toxicities 

Conditions caused by environmental contaminants such as pesti- 
cides, heavy metals, industrial chemicals, and petroleum products 
are common in free-ranging shorebirds but are not typically seen in 
captive settings. 


REPRODUCTION 


Most shorebird species are monogamous, at least for a particular 
season. Black oystercatchers, long-billed dowitchers, marbled 
godwits, and long-billed curlews are thought to be strictly monoga- 
mous. Most nests are simple scrapes on bare earth or in short vegeta- 
ion. Egg clutches usually contain two to four mottled, speckled eggs. 
The eggs are pear shaped so that they pack snugly into the nests and 
may be easily incubated. The background color ranges from cream 
or gray to pale green or brown. Development of the embryo is rapid; 
eggs hatch in 3 to 4 weeks after fertilization. Time to hatching may 
be as short as 17 days in the smaller species or as long as 30 days 
in larger species. Most shorebirds incubate the eggs for 22 to 24 days. 
Hatchlings of most species are precocial, being able to run about and 
feed themselves soon after birth. Most species leave the nest within 
24 hours after hatching 

Most alcid species breed in colonies on islands and cliffs, and 
hey are usually monogamous through their entire breeding life. 
Most reach sexual maturity around 4 to 5 years of age. They have 
ow reproductive rates, usually producing a single egg, although 
Cepphus guillemots and Synthliboramphus murrelets usually lay two 
eggs. The incubation period ranges from 27 to 29 days in Alle to 41 
o 46 days in puffins.° Most alcids are semi-precocial and are fed by 
both parents. 


PREVENTIVE MEDICINE 


Routine health inspections by a veterinarian are recommended, at 
east annually, and should include a complete physical examination, 
including body vveight, blood collection for complete blood cell 
count, and biochemical panel, protein electrophoresis, and radiog- 
raphy. Fecal parasite screening should be performed twice yearly. It 
may be appropriate to take a representative group sample when a 
number of birds are housed together. 

No specific vaccinations are recommended at this time, although 
Charadriiformes species have been shown to be competent reservoirs 
for West Nile virus, so vaccination may have to be considered.” 
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CHAPTER 1 6 


Anseriformes 


Kay A. Backues 


TAXONOMY AND BIOLOGY 


Until recently, the order Anseriformes (“vvaterfovvl,”) has contained 
two families: (1) Anatidae, which includes the familiar ducks, geese, 
and swans and (2) Anhimidae, which includes the three species of 
very “un-duck-like” screamers native to South America. Recently, the 
Australian magpie goose, Anseranas semipalmata has been elevated 
to its own unique familial status on the basis of genetic studies, and 
the family Anseranatidae has increased the number of families under 
Anseriformes to three’! (Figure 16-1). 


UNIQUE ANATOMY 


The anatomic features of Anatidae and Anseranatidae are familiar to 
most veterinary practitioners—webbed feet, soft sensitive bills, 


relatively long necks with short legs, strong wings, and plumage that 
often includes heavy down feathers. The family of screamers is a bit 
more unusual. Aptly named for their loud raucous territorial calls, 
screamers lack the webbed feet and the soft, skin-covered bill of 
other Anseriformes. In addition, screamers possess complex systems 
of subcutaneous air sacs that may be contracted rapidly, an action 
that reportedly may produce a crackling sound!’ Additionally, they 
have extensive pneumatization of their bones, and even their pha- 
langes may be pneumatized. They do not have distinct pterylae, or 
feather tracts; instead, their feathers are evenly distributed all over 
their bodies. Wild screamers are strong flyers and tend to form 
monogamous pairs, although large seasonal congregations occur, 
too. These birds are entirely herbivorous, and their tongues are 
keratinized and not fleshy as those of other Anseriformes species.’ 


FIGURE 16-1 The Australian magpie goose at Tidbinbilla Nature 
Reserve, Australia. This species has recently been assigned its own 
genus, Anseranatidae. (Courtesy of Leo Berzins.) 


Screamers are most often encountered in zoologic collections and 
have bred well in captivity. 

The Anatidae family contains the majority of species in this 
order, comprising approximately 150 species of ducks, geese, and 
swans.® Referred to as waterfowl, they are important agricultural 
production animals, common zoo and private collection species, as 
well as frequently encountered wild bird species worldwide. Anati- 
dae species range in size from a mere 275 grams (g) to 12 kilograms 
(kg) and include the heaviest birds capable of true flapping flight— 
the svvans. ” Species such as the bar-headed goose (Anser indicus), 
which migrates over the Himalayas, represent some of the most 
remarkable vertebrate athletes in existence.” The extensive seasonal 
migrations and the social nature of most species, both wild and 
domestic, expose these birds to many environments as well as to 
potential toxins and infectious diseases. In urban and suburban set- 
tings, the endemic wild species have adapted to human-dominated 
environments and mingle with domestic species. The opportunity 
for disease transmission, to the detriment of wild, captive, and 
domestic populations, has occurred repeatedly and continues to be 
a major concern for the agricultural industry and with regard to 
conservation efforts.” 


HOUSING REQUIREMENTS 


Waterfowl, as their name implies, do best with constant access to 
clean water. Large, outdoor, planted enclosures with ponds, pools, 
or lakes are preferred. High stocking rates of waterfowl will lead to 
oss of turf and compaction of soil around lakes and ponds and 
promote unsanitary conditions associated with infectious diseases.’ 
For domestic and captive species, ensuring a place of refuge from 
predators (e.g., an island) and shelter from adverse weather is recom- 
mended. When artificial pools are provided, gently sloped sides to 
he pool are recommended to reduce abrasions to the plantar surface 
of the feet. Hospitalized waterfowl should have access to soft matted 
areas to cushion their feet and prevent abrasions that may lead to 
pododermatitis. 


FEEDING 


The National Research Council (NRC) requirements for commer- 
cially raised ducks and geese are well established and provide a 
general reference for waterfowl diets.”” However, the overall protein 
and energy levels of commercially available waterfowl feeds are 
designed for maximum growth rates and should not constitute the 
sole diet of captive nonproduction animals. Herbivorous and 
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granivorous, Anseriformes species do well when fed commercially 
available duck and/or poultry diets designed for maintenance as a 
base diet, with the addition of leafy greens and live insects, access 
to pasture and grazing, or both. The more carnivorous or piscivorous 
species require diets based on chopped fish or other specific dietary 
items. Table 16-1" lists selected nutritional deficiencies documented 
in Anseriformes. 


REPRODUCTION AND NEONATAL CARE 


In the family Anseriformes, males have an intromittent copulatory 
organ attached to the ventral wall of the cloaca. This spiral-shaped 
phallus may be extruded manually from the first day of life by apply- 
ing pressure to both sides of the cloaca; thus many species may be 
sexed at an early age. ” Sex determination by this method in adult 
nonsexually dimorphic Anseriformes species may be challenging, 
even with the use of sedation, with or without anesthesia, to relax 
the cloaca. Swans and geese form a lifetime pair-bond and may not 
form another bond if one member of the pair dies. Male ducks gener- 
ally are not involved in egg incubation and may or may not breed 
with the same female in subsequent breeding seasons. Anseriformes 
young are precocial and leave the nest within hours of hatching, 
follow their mother, and are known for their strong imprinting 
instincts. Care of artificially brooded ducklings is similar to that of 
poultry chicks, by providing a round basin with central heat source. 
A round pen or basin of 0.5 to 1.0 square feet (ft? per duckling is 
recommended for raising domestic ducklings, with a brooder tem- 
perature maintained at 85°F to 90°F for the first 2 to 3 weeks.° An 
infra-red heat lamp positioned approximately 2 feet from the floor 
of the center of the pen provides warmth, and the ducklings may 
move closer to or away from it, as needed. Brooders should provide 
a soft but nonslip substrate to prevent spraddle or splay-leg in young 
ducklings, and the depth of substrate will depend on the species 
raised. Newspaper is not recommended unless it is shredded or pel- 
leted to prevent it from becoming slippery; hay and straw beddings 
have been associated with aspergillosis.'’ Most exotic species of 
ducks and geese that are similar to their domestic counterparts may 
be initially reared on a chick starter crumble that contains approxi- 
mately 20% protein. The crumble may be wetted into a mash and 
the mash supplemented with grazing opportunities, whenever pos- 
sible, to provide exercise as well as a diet of fresh greens. If grazing 
is initially not available, chopped fresh greens and live insects are 
both well accepted by neonatal waterfowl of most species. Food and 
water containers should have low sides to prevent very young duck- 
lings from becoming wet. Neonatal ducklings are susceptible to 
chilling as their down is not waterproof. Chilled ducklings are poorly 
responsive and do not feed well.° Ducklings may also become 
exhausted and drown if unable to exit the water container. Once they 
are no longer reliant on an external heat source, young waterfowl 
may be transitioned into larger holding facilities with pools or ponds 
that allow easy exit from the water. Predation from raptors, mammals, 
and reptilian carnivores, especially aquatic turtles in well-established 
ponds, are significant risks for young waterfowl that are housed 
outdoors. 


RESTRAINT 


Restraint of captive waterfowl includes netting and herding for the 
catch-up, culminating in manual restraint. Some Anatidae species 
undergo a postbreeding molt, during which all the remiges, or flight 
feathers, are lost en masse in a very short period (hours to days) 
rendering them flightless for several weeks.” In both wild and 
captive environments, this flightless period may be used opportunis- 
tically to herd and capture large numbers of waterfowl in some 
settings. When manually restraining waterfowl, handlers should take 
special precaution to avoid painful bites and scratches. Larger species 
may inflict strong and painful blows from their wings. 

Once captured, smaller species may be held single-handedly by 
restraining the animal with the wings folded or with fingers of one 
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Selected Nutritional Diseases of Anseriformes 


Clinical Signs 


Comments 


Disease Cause 
Perosis Manganese, choline deficiency Deformities of tarsometatarsal Occurs mainly in captive ducklings and 
may be seen at hatching, or bone, medial luxation of goslings 
in first few weeks of life Achilles tendon, and Prevent by supplementing hen’s diet with 
May also have genetic non-vveight-bearing on manganese 
component in some affected limb Surgical correction, including stabilization of 
domestic breeds the tendon is sometimes successful 
Angel wing Excess dietary protein Lateral rotation of distal Occurs mainly in tropical and temperate 
suspected to contribute carpometacarpal bone; species; occurs in captivity and in the wild 
Manganese deficiency or inability to fly; twisted May be corrected with taping the wing in 
excess dietary energy also appearance to distal wing normal position if caught early 
may be factors Prevent by restricting dietary protein 
Rickets Vitamin D deficiency Poor growth and lameness Occurs mainly in captive ducklings 


Hypovitaminosis A 


Vitamin A deficiency 


Ducklings show ataxia, poor 


Correct by feeding balanced diet 
Occurs in captive and free-ranging waterfowl 


grow 


h, paresis, paralysis, 
and death; adults have white 
nodules in esophageal 
mucosa, and cachexia 


feeding strictly on grains throughout winter 
Need to balance diet 
Correct or prevent by feeding fresh leafy 
greens or allowing access to grazing 


Stargazi 
duckli 


Thiamin (B,) deficiency 


ng and weight loss in 


ngs 


Disease of captivity; treat with supplemental 
thiamin at 100 ug/L in drinking water 


Niacin (vitamin Be) 
deficiency 


Ducklings have a higher 
requirement for niacin than 
the young of other avian 
species 


grow 


Leg deformities such as bowed 
legs; weakness and poor 


h 


Disease of captivity; prevent by 
supplementation of feed with niacin or 
7.5% brewer's yeast. 

Ducklings have higher requirement for niacin 
compared with other species 


FIGURE 16-2 Restraint of an adult trumpeter swan. the bird should 
be held facing away from the restrainer to protect the face and eyes, 
but the bird is still capable of biting. 


hand under each wing supporting the proximal humerus and the 
other hand supporting the bird’s abdomen. Supporting even smal 
species only by the wings may lead to musculoskeletal injury, espe- 
cially if the bird struggles. In one incident, a mallard-sized bird 
restrained only by the wings fractured a coracoid bone while strug- 
gling. Neurologic damage from such restraint has also been reported.” 

In the case of larger species such as geese and swans, it is typica 
to hold the bird, wings folded and facing backward, under the 
arm of the handler (Figure 16-2). Large, relatively calm species 
may also be straddled on the ground to be restrained for ora 


may be useful for collection of blood, administration of oral medica- 
tions, and other procedures. 


administration of medications, gavage feeding, and minor proce- 
dures such as blood collection. Handlers must take special care not 
to put their body weight on the bird, but use their legs to keep the 
wings restrained and their hands to control the bird’s head and neck 
(Figure 16-3). 


SURGERY AND ANESTHESIA 


Anesthesia should be administered to waterlowl for all but minor 
nonpainful procedures. Anesthesia or sedation is also often used as 
a method of safe restraint for nonpainful diagnostics such as radiog- 
raphy where manual restraint would be unsuccessful or contraindi- 
cated. Fasting for several hours is recommended prior to anesthesia. 
Prior to anesthesia, the crop should be palpated and its size and 
fullness assessed. If large amounts of food have been stored in the 
crop, non-emergency anesthetic procedures should be delayed. Inha- 
ation anesthesia with isoflurane or sevoflurane is the most common 
in-hospital method for anesthetizing waterfowl. Induction is typi- 
cally via a face mask. Intubation with a noncuffed endotracheal tube 
is recommended for all anesthetic procedures of more than 10- to 
15-minute duration. Dose-dependent respiratory depression is seen 
in most anesthetized waterfowl, so occasional positive pressure ven- 
ilation is recommended. Waterfowl anesthetized with inhalant 
agents have been noted to present what is described as “rollercoaster- 
ing” while anesthetized. The birds appear to be deeply anesthetized 
with slowing heart rate and respiratory rate but then suddenly 
ighten in their anesthetic depth, arouse, and move. This phenom- 
enon may be associated with partial pressure of carbon dioxide 
(PCO,) chemoreceptors in the lung that influence respiratory 
drive.” The addition of sedatives such as butorphanol and mid- 
azolam to the anesthesia regimen appears to lessen the degree of this 
fluctuating anesthetic depth in many waterfowl. Another complica- 
tion in waterfowl is the development of thick mucus in the trachea 
or glottis during anesthesia. Mucus may completely plug the endo- 
tracheal tube or glottis during anesthesia or recovery and, if not 
removed, will lead to death of the bird. Thus, airway patency should 
be regularly checked during anesthetic episodes, the endotracheal 
tubes cleared, and the airway monitored until the bird has com- 
pletely recovered. The most important piece of anesthetic equipment 
to ensure successful anesthesia of waterfowl is an attentive and 
experienced attendant whose sole responsibility should be the moni- 
toring of anesthetic delivery, depth, and the patients vital signs 
during the entire anesthesia and recovery periods. An in depth 
review of anesthesia techniques and respiratory physiology of water- 
fowl as it pertains to anesthesia is published in detail elsevvhere.”” 
Preparation of Anseriformes patients for surgery should take into 
account the individual species’ need for waterproofing and insula- 
ion. The feathers of Anseriformes species do not typically epilate 
easily, and most have small, tightly-packed contour and down feath- 
ers to provide waterproofing and insulation, respectively. The 
minimum amount of feathers should be plucked at the surgical site 
o provide a sterile field, and special care should be taken to avoid 
or decrease skin damage from plucking these tightly adherent feath- 
ers. Presurgically, only one feather or a few feathers at a time should 
be plucked and pulled in the direction that the feather lies to prevent 
earing or bruising the skin. In addition, most waterfowl species do 
not have large apteria, and down feathers are evenly distributed over 
he entire body. ” Postsurgical care must take into account the loss 
of waterproofing and insulating properties caused by feather pluck 
ing. Following major surgical procedures, the bird may need to be 
withheld from access to water or swimming, depending on ambien 
and water temperatures, until significant feather regrowth occurs. 
The most common surgical procedure performed on captive water- 
fowl is pinioning. Done at | to 6 days of age, it is a relatively minor 
procedure that typically does not require plucking or general anes- 
hesia, although a small amount of local anesthetic may be injected 
at the site prior to the procedure. The surgical site should be lightly 
prepped with a suitable topical disinfectant. The distal wing tip may 
hen be clamped with a small hemostat, and the wing tip may be 
sharply removed distal to the clamp or directly amputated with a 
sharp pair of tissue scissors. Several minutes of moderate digital 
pressure at the amputation site is recommended to ensure hemosta- 
sis. It is common to apply a drop of skin glue at the site. The site of 
amputation is typically at the middle or proximal metaphyseal region 
of the metacarpal bones. The alula is often used as an external marker 
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he soft, cartilaginous major and 
ength of the pinioned wing shou 
and the collections preferences. 

effects, whereas pinioning an adu 
hat requires careful tissue hand 
operative bandaging for at least 1 


for the appropriate length at whic 


h to set the clamp and cut through 
minor metacarpal bones, but the 


İd be individualized for the species 


eonatal pinioning has few adverse 
bird is a major surgical procedure 


ing, attention to hemostasis, post- 


to 3 days, and postoperative pain 


relief. Adult pinioned birds are highly prone to repeated trauma to 
he pinioned site and often develop large fibromatous nodules that 
may be unaesthetic and prone to hemorrhage. The options of surgical 
feather follicle extirpation or laser ablation have been investigated as 
an alternative to the surgical pinioning of adult birds.” In a study 
of two species of Anseriformes, the primary feathers were cut, a 
diode laser tip placed into the cut calamus of the treated primary 
flight feathers, and the follicle ablated with a total dose of 20 Joules 
of energy.” Postoperatively, the treated wings showed swelling, 
edema, ulceration, and serosanguineous oozing. These side effects 
were deemed minor and completely resolved in all treated birds 
within 12 weeks. The laser treatment resulted in successful preven- 
tion of feather regrowth in 65% of treated follicles.” The options of 
surgical follicle extirpation or nonsurgical follicle destruction in lieu 
of surgical pinioning should be considered for limiting flight in adult 
Anseriformes and warrant further study. For further information, see 
Chapter 65. 


ANALGESIA 


The use of analgesics is necessary to provide humane care for 
painful injuries and procedures. Many publications have shown that 
different classifications of analgesics such as nonsteroidal anti- 
inflammatory drugs (NSAIDs) and opiates may have measureable 
effects in birds” However, the proof of analgesic efficacy, safety, 
proper dosage, and duration of analgesia for these drugs in many 
avian species, including Anseriformes, needs further study. Existing 
data demonstrating that analgesics administered to waterfowl do 
have some benefit via inhalant-anesthetic sparing effect are corrobo- 
rated by the authors experience.””” Both NSAIDs and opiates have 
been tested at various dosages in birds and some waterfowl species 
with varying results.” ” However, NSAIDs such as flunixin meglu- 
mine and ketoprofen have been shown to have side effects in many 
species of birds, including waterfowl. Flunixin meglumine was 
shown to reduce the production of cyclooxygenase (COX) enzyme-2, 
COX-2, but its use was associated with muscle necrosis at the site 
of injection in mallard ducks.” Ketoprofen was associated with mor- 
tality in one study of eider ducks but has been used in studies of 
other vvaterfovvl.”” Use of analgesics for painful procedures or injuries 
is considered part of humane care and best practice in modern vet- 
erinary medicine but is not without risk because of the lack of data 
on safety and efficacy in individual species. The extreme sensitivity 
of some Old World vultures to the NSAID diclofenac is an example 
of the variability of safety in different species to different drugs.” 
The selection of an analgesic for use in any species should be based 
on a combination of the practitioner's experience and a review of 
studies that show, at a minimum, the safe use of the selected drug 
in a particular species or a closely related species. 


DIAGNOSTICS 


The majority of diagnostic procedures for Anseriformes do not differ 
from those performed on other avian species. The long neck of many 
waterfowl species makes jugular venipuncture the preferred site for 
blood collection; other sites include the medial metatarsal or brachial 
veins. As in other birds, the right jugular is larger than the left and 
is the preferred site for obtaining larger quantities of blood. The 
venipuncturist holds the birds head and palpates the vein or at least 
he jugular groove cranial to the epaxial musculature and lateral to 
he trachea. This procedure works best if the neck is extended fully 
and the bird is adequately restrained. The medial metatarsal vein is 
found on the medial side of the tarsometatarsus; as in other birds, 


120 PART Ill © AVIAN GROUPS 


the site is an alternative for obtaining small quantities of blood. The 
brachial vein courses across the wing near the elbow and is easily 
found on most waterfowl species, but because of the limited soft 
tissue around the vein, venipuncture from this site is more likely to 
result in hematoma formation. Once obtained, blood may be placed 
in heparinized blood tubes or microtainers for a complete blood cell 
count or chemistry panel analysis. Some hematologic and plasma 
biochemistry reference ranges for selected Anseriformes species may 
be found in reference 5. 


INFECTIOUS DISEASE 


The classic infectious diseases of waterfowl, for example, avian 
cholera and duck viral enteritis, have not significantly changed in 


their epizootiology, clinical signs, diagnosis, and management. An 
excellent review of the basic biology of these diseases is still sound.” 
Current outbreaks, locations, and ongoing research about mortality 
in free-living waterfowl is monitored in the United States by the 
United States Geological Service (USGS). The National Wildlife 
Health Center (NWHC) of the USGS produces quarterly mortality 
reports and actively continuing mortality event surveillance for 
many infectious as well as noninfectious diseases seen in free-ranging 
waterfowl and other animal species. These wildlife mortality events 
are compiled from local, state, and regional authorities and made 
available for easy reference at the NWHC website (www.nwhc 
-usgs.gov). A chart of selected infectious diseases of waterfowl are 
listed in Table 16-2.71775 A list of selected antibiotics used in water- 
fowl are listed in Table 16-3117" 


TABLE 16-2 


Disease, Agent 


Epizootiology 


Signs 


Gross Lesions or Diagnosis 


Management 


Aspergillosis 
Aspergillus fumigatus 


Avian cholera 
Pasturella multocida 


Ubiquitous airborne 
spores, poor 
ventilation, moldy feed 

Aerosolized excrement 
and respiratory 
secretions, fecal oral 
transmission, carrier 
state in recovered 
birds 


Respiratory signs, 
dramatic weight loss or 
acute death 

Peracute death with birds 
in good body condition, 
neurologic signs 


Clinical suspicion; radiology 
and serology 


Gross petechiae on heart, 
serosal membranes, focal 
hepatic necrosis 

Culture of blood, liver, or 
bone marrow 


Itraconazole, terbinafine, 
amphotericin-B, 
supportive care 

Individual birds may 
respond to antibiotics, 
isolate affected birds 

Carcasses should be 
collected and buried 


Avian bornavirus 

Mononegavirus 

(See text in this 
chapter for detailed 
discussion) 


Fecal-oral transmission, 
vertical through egg 
suspected 

Carrier state common, 
intermittent shedding 


Few signs in carrier 

Bird appears "sick," weak, 
unable to fly 

Neurologic signs 


Grossly maybe in poor 
condition, gastrointestinal 
impaction or dysfunction 

RT-PCR of cloaca 

Oropharyngeal swabs may 

underestimate 

RT-PCR of brain tissue 

Serologic tests, IFA, and 
serology available 

Histologic examination of 
nonsuppurative 
encephalomyelitis and 
ganglioneuritis 


No known treatment 
available 

Affected birds should be 
eliminated from 
collections 


Chlamydiosis 
Chlamydophila psittaci 


Duck plaque 
Duck viral enteritis 
Herpesvirus 


Respiratory secretions 
and fecal material; 
asymptomatic carrier 
state 


Fecal-oral transmission, 
horizontal transmission 
via contact with 
infected birds 

Carrier state common 


Sinusitis, conjunctivitis, 
diarrhea, ataxia, and 
neurologic signs 


Seasonal occurrence. 
Some bodies of water 
known for repeated 
outbreaks 

Peracute death, with birds 
in good body condition 
or with depression, 
hematochezia, epiphora, 
ulcer under tongue in 
carrier 


Hepatomegaly, 
splenomegaly, 
pneumonia and 
airsacculitis 

Paired antibody titers, 
culture, or antigen-based 
tests for PCR from fecal, 
cloacal, tracheal, or 
choanal svvabs 


Grossly characteristic 
annular bands of necrotic 
intestinal mucosa with 
overlying hemorrhagic 
bands typical in domestic 
ducks and mallards 

Myocardial petechiation 

Virus isolation from liver, 
spleen 

Characteristic histologic 
appearance of lymphoid 
aggregates 


Zoonotic disease 

Caretakers should wear 
appropriate PPE 

Isolate affected birds and 
use chlamydiocidal 
disinfectants 

Chlortetracycline and 
doxycycline orally 

Reportable disease in some 
states 


Isolate carrier birds or 
prevent access of 
unaffected birds to 
potentially affected 
environments, particularly 
affected bodies of water 

Depopulation and 
attenuated live-virus 
vaccine 

Carcasses should be 
collected and buried 
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Epizootiology 


Signs 
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Management 


HPAI 

-H5N1-Asian strain 

type A orthomyxovirus 

(See text for detailed 
discussion) 


Fecal-oral transmission, 
and respiratory 
secretions 

Carrier state is poorly 
documented 
compared with LPAI 


Acute death, dullness, 
paresis, paralysis, 
tremors, torticollis, 
nasal discharge, 
diarrhea 

May resemble other acute 
bacterial and viral 
diseases in a multibird 
mortality event 


Marked congestion of 
lungs, and brain 
airsacculitis, congestion 
of various organs, 
hemorrhagic intestines, 
focal necrosis, and friable 
liver 


Cloacal or choanal swabs 
of living birds 

If suspected, state and 
federal regulatory 
agencies should be 
contacted 


Salmonellosis 
S. typhimurium 
S. paratyphi 


Fecal-oral transmission 

Environmental 
contamination with 
feces of numerous 
other animals 

Transovarian vertical 
transmission and 
fecal contamination 
of eggs 


Primarily seen in 
ducklings and captive 
waterfowl 

Peracute death, lethargy, 
diarrhea, ataxia, and 
conjunctivitis 


Hepatosplenomegaly, 
multifocal necrosis of 
liver, no lesions in acute 
cases 

Culture of the organism 
from parenchymous 
organs 


Removal of carrier adults 
from breeding flocks 


Tuberculosis 
Mycobacterium avium 


Fecal-oral transmission, 
ingestion of high 


numbers of organisms 


Environmental 
persistence of 
organisms may last 
years 


Progressive weight loss, 
cachexia, leukocytosis, 
characteristic osteolytic 
bone lesions on 
radiographs 

Death 


Emaciated carcass, 
multifocal granuloma in 
liver, GIT and other 
organs, secondary 
amyloidosis from chronic 
inflammation 

Acid-fast staining of 
affected organs at 
necropsy or biopsy 


Euthanasia of infected 
birds, increased 
surveillance of birds in 
contaminated 
environments 

Disinfection of exhibit with 
tuberculocidal 
disinfectants and removal 
of top 6-7 inches of soil 
substrate 


Was a—aosmrc a sn x ñ 
GIT, Gastrointestinal tract; HPAI, highly pathogenic avian influenza; LPAI, low pathogenic avian influenza; RT-PCR, real-time polymerase chain reaction. 


TABLE 16-3 
Generic Name Trade Name Dosage Route of Administration İnterval 
Ampicillin Amp-Equine 100 mg/kg IM Every 4 hours 
Amoxicillin trihydrate Amoxi-Tabs 300 mg/L İn drinking vvater Provide every other day for 

Amoxi-drops 3 treatments 
Ceftiofur Naxcel 2—4 mg/kg SQ Every 24 hours 
Ceftiofur Excede 10 mg/kg IM Every 72 hours 
crystalline-free acid (CCFA) 
Cefquinome 5 mg/kg IM Every 24 hours 
Chlortetracycline Aureomycin 300-1000 mg/kg of feed PO Daily 
Doxycycline Vibramycin 25-50 mg/kg PO Every 12 hours 
Enrofloxacin Baytril 10-15 mg/kg PO or IM Every 12 hours, Avoid 

repeated injection 
Oxytetracycline Liquamycin, LA-200 200 mg/kg IM Every 24 hours for 
5-7 days 
Trimethoprim-sulfamethoxazole Septra 75 mg/kg PO or IM Every 12 hours 
0.04% feed PO Daily 
Tylosin Tylan 20-30 mg/kg IM Every 8 hours for 3-7 days 
500 mg/L in water PO in drinking water 3-28 days 

Marbofloxacin Zeniquin 2 mg/kg PO or IM Every 24 hours 


|= == s T F —.—  —  —— — — = à. =. ¿2 R n. 
IM, Intramuscular; mg/kg, milligram per kilogram; mg/L, milligram per liter; PO, oral; SO, subcutaneous. 
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Two major diseases are relatively new in their appearance and 
importance in Anseriformes health and are more thoroughly dis- 
cussed below. 


Avian Bornavirus 


The discovery of avian bornavirus (ABV) and its recognition as the 
agent of avian disease has been relatively recent. Bornavirus is a 
non-enveloped negative strand ribonucleic acid (RNA) virus. It is a 
member of the Order Mononegavirales. Because it uniquely repli- 
cates in the cell nucleus, it has been classified in its own family, 
Bornaviridae. In 2008, ABV was identified as the causative agent 
of proventricular dilatation disease (PDD) in psittacines, but the 
primary reservoir for ABV appears to be waterfowl.'’ The first ABV 
was isolated from a wild bird species, a Canada goose (Branta 
canadensis), and free-living waterfowl, and subsequent surveys for 
ABV have been primarily conducted in North America. A number 
of wild waterfowl species that have been found to be infected with 
ABV include B. canadensis, mute and trumpeter swans (Cygnus olor, 
C. buccinator), pintails (Anas acuta), gadwalls (A. strepera), mallards 
(A. platyrhynchos), redheads (Aythya americana), American widgeon 
(A. americana), and northern shoveler (A. clypeata). ABV appears to 
be of low pathogenicity to most waterfowl, and long-term intermit- 
tent shedding in apparently healthy birds has been documented. 
Viral shedding has been confirmed with real-time polymerase chain 
reaction (RT-PCR) samples of fecal, cloacal, and oropharnygeal swabs 
of surveyed wild waterfowl species. Prevalence rates vary for tested 
waterfowl species tested using fecal swabs, at less than or equal to 
10%, but fecal swabs may underestimate ABV infection rates. Survey 
reports using RT-PCR on brain tissue samples from sacrificed or 
hunter-killed waterfowl showed much higher prevalence rates, 
varying from 22% to as high as 50%.°° The difference in prevalence 
rates is likely related to intermittent fecal shedding by infected birds. 
Transmission appears to be the fecal—oral route, and vertical trans- 
mission has been suggested in one study of hatching eggs of domestic 
ducks.” The percentage of wild waterfowl infected appears to vary 
by geographic location sampled and may be associated with habitat 
factors that promote transmission of the virus. ABV infects the 
central and enteric neurologic tissues of birds, inducing an inflam- 
matory response, which then leads to neuronal and glial cell loss. 
The histologic characteristics of a nonsuppurative encephalomyelitis 
and ganglioneuritis similar to that seen in psittacine PDD is also 
commonly found in clinically ill waterfowl. An inapparent carrier 
state is likely the most common form of disease in waterfowl, and 
carriers should be considered a source of infection to other birds. 
Clinically affected waterfowl present as sick, weak, unable to fly, and 
neurologically impaired and potentially have an impacted upper 
gastrointestinal tract. Antemortem detection of ABV may be per- 
formed using RT-PCR on freshly plucked contour feathers that 
include the calamus, or crop biopsies, and reverse enzyme-linked 
immunosorbent assay (rELISA) on serum at avian specialty labora- 
tories. Indirect fluorescent antibody (IFA) and Western blot are addi- 
tional antemortem serologic tests. Unfortunately, currently available 
antemortem tests cannot differentiate diseased birds from unappar- 
ent carriers Neither cloacal or vent swabs nor fecal samples are 
recommended for routine screening because of intermittent viral 
shedding. Postmortem detection of ABV RNA using RI-PCR is best 
performed on brain tissue samples, proventricular tissue samples, or 
both. Most commercially available tests for ABV have been developed 
or the psittacines, so contacting the laboratory for estimates of the 
est efficacy in a particular waterfowl species is recommended. The 
identification of new ABVs will likely continue, as their distribution 
is predicted to be worldwide in waterfowl, although few studies have 
been conducted outside of North America. 


Avian Influenza 


The family Orthomyxovirus, genus Influenza A, contains the highly 
variable enveloped RNA virus of avian influenza virus (ATV). Histori- 
cally, these viruses were of little consequence causing disease in 
their normal Anseriformes and Charadriiformes hosts. The recent 


emergence of new, highly pathogenic strains of avian influenza virus 
has elevated their importance in agricultural, wildlife disease surveil- 
lance and conservation, as well as in human health protection. The 
influenza virus types are named for their combinations of surface 
glycoproteins, hemagglutinin (H, 16 subtypes), and neuraminidase 
(N, 9 subtypes). These combinations also determine their virulence. 
he hemagglutinin subtypes of Hö and H7 are associated with 
increased pathogenicity in birds. ” The virus’ designation as either 
low pathogenic avian influenza (LPAI) or high pathogenic avian 
influenza (HPAI) is based on the particular virus’s pathogenicity to 
domestic chickens. LPAI in waterfowl is transmitted via the fecal— 
oral route, and its prevalence has been shown to peak in A. platy- 
rhynchos in late summer and early fall associated with premigration 
staging areas. ” Other free-living species of waterfowl and shore birds 
routinely are found positive for LPAI throughout the world. The 
epidemiology varies with regard to species and with regard to 
species population differences such as age, environment, and 
season.” Although HPAI-H5N1 infections have been detected in 
asymptomatic wild waterfowl, the virus is more likely to be detected 
in clinically affected birds, and early detection strategies have focused 
heavily on morbidity and mortality events.” Like LPAI, HPAIS 
transmission is by the fecal—oral route through contaminated water 
sources and fomites, but it additionally has a respiratory component 
and may be spread by direct contact and via respiratory secre- 
tions. 015 HPAI-H5N1 has caused numerous wild waterfowl deaths, 
has a mortality rate approaching 100% in domestic chickens, and 
has caused infection and death in numerous other atypical species, 
including canids, felids, mustelids, viverids, suids, lagomorphs, and 
primates.” Cases of human HPAI-H5N1 infection have been 
reported, with an alarmingly high mortality rate of almost 60%. In 
a report of 499 known infected individuals from 15 countries from 
2003 to June 2010, the disease was reported to have been fatal in 
295 cases.’ Since its first appearance in China in a domestic goose 
in 1996 and the first verified outbreak in wild migratory waterfowl 
in 2005, HPAI-H5N1 has emerged as an endemic virus in Eurasia 
and North Africa. It is now believed to have been continuously 
circulating in Asia, Europe, and Africa since 2003.” Human activity, 
agricultural environments, and specific farming practices (e.g., free- 
grazing of domestic waterfowl) consistently play key roles in the 
occurrence, maintenance, and spread of HPAI-H5N1.”* To date, the 
virulent Asian subtype of HPAIV-H5N1 has not been isolated in 
the United States, Canada, South America, or Australia. Numerous 
U.S. agencies have tested thousands of wild and domestic birds, and 
to date, only LPAI versions of H5N1 have been found (mostly in 
wild birds) and have been genetically confirmed as North American 
LPAI strains with no lineage or similarities to the HSN1-HPAI Asian 
strain. Readers are referred to the World Animal Health Interface 
Database for the most current information regarding HPAI outbreaks. 
At this website (www.oie.int), member countries of the World Orga- 
nization for Animal Health (OIE) report various disease outbreaks 
by country and year. 

Clinical signs of HPAI in poultry range from decreased egg pro- 
duction to peracute death, but clinical signs such as diarrhea and 
neurologic signs reflect the virus’ target organs: the gastrointestinal 
tract and the nervous system. Neurologic signs include depression, 
paresis, and paralysis (with or without tremors), and an intermittent 
head shake or head tilt. Characteristic respiratory rales, sinusitis, 
epiphora, edema of the head, and cyanosis and hemorrhage of the 
wattles and comb are also seen in poultry. Anseriformes species may 
present with clinical signs such as inactivity, dullness, weakness, 
staggering, and acute death. In some birds, only a clear nasal dis- 
charge, lacrimation, or mild diarrhea has been noticed before death.” 
The clinical signs of HPAI in waterfowl are nonspecific and resemble 
hose of other highly pathogenic infectious diseases. Differential 
diagnoses in waterfowl should include other flock mortality events, 
including septicemic diseases such as avian cholera, viral diseases 
such as duck viral enteritis, or exotic Newcastle disease, and acute 
poisonings such as botulism. ” Gross pathology of waterfowl dying 
of HPAI has included congestion and edema of various organs, 


x 


pericardial effusions, thickened air sacs, red-brown mottling of the 
pancreas, hemorrhage in the duodenum, and a friable liver with foci 
of necrosis. Histopathologic lesions consisted of congestion and mul- 
tifocal necrosis in multiple organs, including the spleen, the liver, 
and the gastrointestinal tract. Marked congestion and edema in the 
lungs, cerebral congestion, with or without multiple small foci of 
necrosis, and mild gliosis or multifocal nonsuppurative meningoen- 
cephalitis are also significant.” 

Diagnostic testing for avian influenza in the United States is 
generally performed by specialized county, state, regional, or national 
laboratories such as the U.S. Department of Agriculture (USDA)- 
approved laboratories in the National Animal Health Laboratory 
Network (NAHLN). Wild bird samples are tested at the USGS 
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National Wildlife Health Center (NWHC) laboratory in Madison, 
Wisconsin. Current NWHC surveillance testing is passive and con- 
fined to mortality events that involve 500 or more birds, character- 
istics of AIV, or ongoing mortality. The samples are screened for 
influenza A viruses by virus isolation or RI-PCR performed on 
cloacal or pharyngeal swab specimens. The U.S. Interagency Strate- 
gic Plan recommends obtaining both cloacal and pharyngeal swab 
specimens from wild birds. Currently, any H5 or H7 avian influenza 
subtypes, regardless of pathotype, are immediately notifiable to 
authorities in all states, federally notifiable to USDA-APHIS-VS, and 
internationally notifiable to OIE. In the United States, the USDA has 
jurisdiction over matters relating to avian influenza. The federal 
government is the regulatory authority for matters relating to HPAI 


TABLE 16-4 
Location in Host 
Disease Etiology Adult Immature Diagnosis Management 
Leeches Theromyzon spp. Nasal cavity, — Examination of trachea, Manual removal; drain 
pharynx, and nasal cavity, and eyes and disinfect pond 
conjunctiva 
Coccidiosis, renal Eimeria truncate Kidney Kidney Fecal flotation, intestinal Use of amprolium and 


E. boschadis 
E. somateriae 


lesions, and oocysts 
in renal impression 
smears 


sulfonamides; 
segregation of young 
birds to minimize 
their exposure 


Coccidiosis, 
intestinal 


Eimeria spp. 
Tyzzeria spp. 
Isospora spp. 
Wenyonella spp. 


Intestinal mucosa 


Intestinal mucosa 


Fecal flotation and 
intestinal lesions 
containing merozoites 


Amprolium and 
sulfonamides 


Sarcosporidiosis 


Nematodiasis, 
tracheal (gape 
worm) 


Sarcocystis rileyi 


Cyathostoma 
bronchialis 


Intestinal tract of 
opossums and 
skunks 


Tracheal mucosa 


Muscle tissue of 
waterfowl 


Characteristic 
macroscopic 
appearance of white 
cysts in striated 
muscle on muscle 
biopsy 

Fecal flotation; adults in 
tracheal mucus 


Not pathogenic 


Fenbendazole and 
ivermectin 


Nematodiasis, 


Sacronema eurycerca 


Heart 


Microfilaria in 


Microfilaria on blood 


Louse control with 


myocardial biting lice and smear pyrethrins; treatment 
blood of bird for Sacronema sp. 
unknown 
Nematodiasis, Echinuria uncinata Proventricular Water fleas Recovery of adults from Increase water flow to 
proventricular mucosa and (Daphnia spp.) proventricular nodular decrease Daphnia 
submucosa lesions spp.; use of 


ivermectin and 
fenbendazole 


Nematodiasis, 
ventricular 


Amidostomum sp. 


Epimidiostomum sp. 


Ventriculus and 
subepithelial 


Feces and water 
(direct life cycle) 


Fecal flotation 


Ivermectin and 
fenbendazole 


Cestodiasis 


Numerous species 


Intestinal tract lumen 


Aquatic crustacean 


Fecal flotation 


Praziquantel 


Trematodiasis 


Numerous species, 

Non-native genuses: 
Cyathocotyle, 
Leyogonimus, and 
Sphaeridiotrema 
may cause fatal 
disease in lesser 
scaup duck, 
American coot 


Intestinal tract, bile 
duct, and 
respiratory tract 


Mollusks are 
intermediate 
hosts 


Fecal flotation 


Difficult to control; use 
of levamisole and 
praziquante 
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viruses and their eradication, whereas the state governments regulate 
matters relating to LPAI viruses in domestic poultry. The legal author- 
ity to conduct an emergency eradication program is shared by the 
state and federal governments, and the specifics are determined by 
both on a case-by-case basis. Any suspect cases should be reported 
immediately to the appropriate state veterinarian and to the USDA. 
Authorities should be consulted regarding regulations for sending 
samples to authorized diagnostic laboratories. 

The potential for the spread of HPAI-H5N1 from Eurasia to North 
America is logistically possible via human activities or wild waterfowl 
migratory flyway overlaps across the Bering Sea. Prevention of cross- 
contamination is extremely difficult in public parks where wild and 
domestic waterfowl intermingle but may also be challenging in zoos 
and private collections with outdoor bird enclosures. In the some- 
what more controlled environment of a zoologic or private collec- 
tion, captive waterfowl and other ATV-susceptible species may be 
afforded some protection from disease with a good veterinary medical 
preventive health program and preplanning. Regardless of pathoge- 
nicity, prevention of AIV transmission between wild birds and captive 
waterfowl must focus on the exclusion of wild birds and their feces 
from collection birds.” Effective general sanitation and hygiene mea- 
sures will help prevent fomite transmission between areas inside and 
outside the facility. An established veterinary medical preventive 
health plan that includes quarantining and screening of incoming 
animals, routine medical care of collection animals, postmortem 
examinations and appropriate testing on collection animal deaths are 
all useful strategies in preventing the introduction of any contagious 
disease into an animal collection and will provide the foundation for 
surveillance, prevention, and control in a collection should HPAI 
enter the country or region. The Association of Zoo and Aquariums 
(AZA), in conjunction with the American Association of Zoo Veteri- 
narians (AAZV), compiled an extensive document to help U.S. facili- 
ties plan and prepare for the protection of animal care staff and 
valuable and endangered animal collections should HPAI occur in 
the United States and in the region of a facility.’ Use of this docu- 
ment, in conjunction with a cooperative working relationship with 
local and federal agencies involved in animal disease outbreaks, is 
recommended as a foundation for an individualized preparedness 
policy for waterfowl and zoologic collections. 


PARASITIC DISEASE 


Selected parasitic diseases are listed in Table 16-4'>'’ and selected 
antiparasitic medications are listed in Table 16-5. 


NONINFECTIOUS DISEASE 

Toxicity 

The aquatic habitat of waterfowl and their feeding behavior may 
expose waterfowl to environmental toxins. Lead exposure from the 
ingestion of lead shotgun pellets and fishing tackle is still a major 
cause of waterfowl mortality in the United States despite the outlaw- 
ing of lead shot use in waterways since 1991. Overall, the number 
of lead toxicity cases verified by the NWHC has continued to 
decrease. Eagles have become the predominant species affected. 
However, large quantities of lead are still present in the silt and mud 
bottoms of ponds, lakes, and waterways where waterfowl hunting 
has continued through most of the 20th century.” Annual variation 
in rainfall and drought conditions may lead to increased access and 
ingestion in both free-ranging and captive waterfowl.’ Lead toxicity 
and other selected toxicities seen in waterfowl are listed in Table 
16-6, 712-16 


Pododermatitis 


Pododermatitis, also known as bumblefoot, is a chronic infection, 
with abscess development on the plantar surface of the feet. It is a 
common condition of waterfowl and other shore and water birds 
typically associated with captive environments. Husbandry and 
sanitation are considered crucial to bumblefoot prevention. Treat- 
ment of pododermatitis may be frustrating, and resolution is unlikely 
without improvement of husbandry-related issues. Depending on 
the severity and duration of lesions, treatment includes thorough 
debridement and cleaning of lesions, padded bandaging of the feet, 
and long-term antibiotic therapy. Severe chronic pododermatitis may 
lead to osteomyelitis of the bones of the affected foot, tenosynovitis 
of its tendons and ligaments, or both and these sequelae carry a grave 
prognosis for the affected bird. The chronic inflammation of podo- 
dermatitis has been linked to amyloidosis of the organs of affected 
waterfowl. 


Amyloid Deposition 

Waterfowl are well documented to form amyloid deposits second- 
arily to chronic inflammatory conditions. Swans appear to be espe- 
cially sensitive to the development of amyloid deposits and have 
been mentioned as possible research candidates for the study of 
amyloidogenesis in humans. ° In two separate pathology reviews of 
waterfowl, both the trumpeter swan and mute swan were noted to 
have high incidences of amyloid deposition in parenchymous organs 
at necropsy, particularly in the spleen and liver, and to a lesser degree 


TABLE 16-5 
Generic Name Trade Name Dosage Route of Administration Comments 
Amprolium Corid 0.5-1.0 mL/L of 9.6% solution PO in drinking water for 5 days Coccidia 
Fenbendazole Panacur 5-15 mg/kg PO every 24 hours for 5 days Nematodes 
Ivermectin lvomec 0.2 mg/kg PO, SQ, or IM once Nematodes 
Levamisole Tramisol 20-50 mg/kg once PO Nematodes and trematodes 
(low therapeutic index) 

Praziquantel Droncit 10-20 mg/kg SO or IM; repeat in 10 days Cestodes 

10 mg/kg PO, SQ, or IM every 24 hours for Trematodes 

14 days 

Pyrantel pamoate Strongid, Nemex 7 mg/kg PO repeat in 14 days Nematodes 
Sulfadiazine- trimethoprim 60 mg/kg PO every 12 hours for 3 days, Coccidia 


then off 2 days, and then on 3 
days 


IM, Intramuscular; mg/kg, milligram per kilogram; mL/L, milliliter per liter; PO, oral; SC, subcutaneous. 
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in other organs.”””” In both studies, diseases that caused significant 
chronic inflammation, such as aspergillosis and pododermatitis, 
were highly associated with the presence of amyloid deposition. 
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CHAPTER 1 / 


Falconiformes (Falcons, Hawks, 
Eagles, Kites, Harriers, Buzzards, 
Ospreys, Caracaras, Secretary Birds, 
Old World and New World Vultures) 


Claude Lacasse 


The taxonomy of the order Falconiformes has been the subject of 
debate but the order usually includes five families: (1) Cathartidae 
(New World vultures), (2) Accipitridae (hawks, eagles, kites, harri- 
ers, buzzards, and Old World vultures), (3) Falconidae (falcons, 
falconets, kestrels, merlins, hobbies, and caracaras), (4) Pandionidae 
(ospreys), and (5) Sagittariidae (secretary birds).”"" 

Because of the endangered status of several species, recent 
decades have seen an increase in environmental awareness and con- 
servation efforts involving raptors. Some examples are the captive 
breeding and management of the Mauritius kestrel (Falco punctatus); 
the European Bearded Vulture (Gypaetus barbatus) Reintroduction 
Project; and the conservation breeding and release program of the 
California condor (Gymnogyps californianus).””” The Spanish impe- 
rial eagle (Aquila adalberti) is one of the most endangered species of 
birds of prey in the world. 


UNIQUE ASPECTS OF BIOLOGY 
AND ANATOMY 


The anatomy and biology of raptors is very similar to those of other 
avian species except for some modifications that give them great 
hunting capabilities. A table of maximum recorded life spans for 
selected raptor species has been published.” 


Special Senses 


Falconiformes are generally diurnal and rely heavily on sight to 
locate food."' They may perceive ultraviolet light and have a visual 
field of about 250 degrees, 50 degrees of which is binocular.'* Each 
eye has two foveae, enabling two planes of vision (the temporal fovea 
for binocular vision and the central fovea for monocular vision). The 
exceptions are Andean condors (Vultur gryphus) and black vultures 
(Coragyps atratus), which have only a nasal fovea.”’ The pecten is 
plicated in most raptors.” 

About 10 to 18 ossicles overlap to form a ring encircling the 
sclera. The sphincter and dilator muscles of the pupil are striated; 
herefore, unlike mammals, voluntary control may be possible, and 
atropine has no effect.’' Raptors lack consensual pupillary light 
reflexes. A slight degree of anisocoria is normal. The pupils of birds 
that are stressed, especially Accipiter species, become dilated and less 
responsive to light, and the menace reflex might be absent.” 

In most raptors, the sense of smell is poorly developed, except 
in vultures.’’ Most Falconiformes do not have a sense of hearing that 
is as developed as in Strigiformes; the exception are the harriers, 
which have a similar facial disk, which directs sounds toward the 


acoustic meatus. ” Taste buds are located on the base of the tongue.”! 


Beak 


A feature unique to raptors and fundamental to their carnivorous 
lifestyle is their stout, sharply hooked beak. Falcons have a notch on 


their maxilla, behind the tip of the upper beak, which forms the 
tomial tooth that is believed to enable them to easily sever the neck 
of vertebrate prey. It is important to preserve the tomial tooth when 
performing any repairs or trimming of the beak.” If cracks appear 
in the beak, these should be filed back above the start of the crack.° 
Overgrowth of the upper beak is seen in raptors on a diet exclusively 
of day-old chicks.” 


Feathers, Skin, and Glands 


With the exception of the northern harrier (Circus cyaneus), 
American kestrel (Falco sparverius), and merlin (Falco columbarus), 
the plumage of North American raptors is not sexually 
dimorphic.”' 

The integrity of the primary remiges and tail rectrices is of the 
utmost importance for flight performance in species destined for 
release.’ Tail feathers of hospitalized raptors should be protected 
from breakage and soiling by using a tail guard made from an enve- 
lope of heavy paper or file folders placed over the tail feathers and 
affixed to the covert feathers with adhesive tape (Figure 17-1). The 
technique of feather repair (or imping), involving total or partial 
feather replacement or splinting may be very beneficial in hastening 
the return of flight after feather damage.”! 

Most raptors molt their feathers in symmetrical pairs, one from 
the right and one from the left, once per year in the early summer, 
usually after breeding. This graduated symmetrical molt means that 
only a slight flying handicap exists during the 6 months required for 
molting.”’ The steppe buzzard (Buteo buteo vulpinus) exhibits bizarre 
chaotic molt pattern.'* Molting in Old World vultures may extend 
up to 2 to 3 years.” Some species such as goshawks and eagles molt 
only partially each year, which permits some degree of distinguishing 
second- and third-year birds. Once adult plumage is obtained, age 
cannot be determined by plumage characteristics.” 

Induction of molting has been achieved by manipulating the 
photoperiod or by oral administration of exogenous thyroid hormone. 
The photoperiod is advanced to 18 to 20 hours of light per day after 
a period of 4 to 6 weeks of less than 10 hours of light per day. Molting 
will start within a few weeks and may be completed over 4 to 5 
months. The onset and rate of molt with thyroxine administration 
tends to be very rapid, some birds losing most of their flight feathers 
nearly simultaneously. Quality of regrown feathers from a forced 
molt often is less than natural molts.’' Increased ambient tempera- 
ure may speed up molting, and corticosteroids may retard the 
progression of a molt.” 

As in other avian species, stress marks appear as lines across one 
or more feathers because of an interruption in the normal flow of 
nutrients during its growth. Cystine deficiency may lead to weak and 
broken feathers.*” 

The “pinching off” syndrome is described as follows: normal 
growth of a feather occurs for one-half to two thirds of its normal 
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FIGURE 17-1 Tail guard made from an envelope of heavy paper 
placed over the tail feathers and affixed to the covert feathers with 
adhesive tape. 


growth, after which blood supply withdraws and the feather pinches 
off in a characteristic hour-glass presentation. The cause of the syn- 
drome has been attributed to quill mites and to viral or genetic 
etiology. ! 

Skin sweat glands are absent. Infection of the uropygial gland is 
rare in raptors, but adenocarcinoma and blockage may occur.” The 
adrenal glands are paired structures except in a few species such as 
the bald eagle (Haliaetus leucocephalus) that has fused glands.°! 

In the Savanna hawk (Buteogallus meridionalis), the supraorbital 
or salt gland, a paired glandular structure with ducts opening in the 
nasal cavity, contributes to water and electrolyte homeostasis.” 

The Harris’ hawk (Parabuteo unicinctus) is the only species of 
raptors that shows psychological feather plucking, and a temporary 
beak modification technique to prevent self-mutilation in this species 
has been described.””" 

Seborrhea sicca (dry skin) is encountered in eagles, especially on 
the feet of captive birds.” Large pealike subcutaneous abscesses 
caused by staphylococci are frequently seen in raptors.” Other skin 
infections are relatively uncommon in birds of prey. Papillomatosis 
is occasionally seen on the feet and eyelids of raptors. ” 


Feet 


Raptors use their feet to capture their prey. They have thick scales 
to protect their feet from injury and strong toes that terminate in 
strongly curved triangular talons.”” Hard papillae on the plantar 
surface assist in grasping. ” Vultures do not need to capture live 
animals, so their talons are blunt." 

The digital flexor tendons have unidirectional, interlocking ratch- 
eting mechanisms that resist digital extension when the toes are 
clenched, a mechanism that makes it difficult to pry open the feet 
of a restrained raptor.” 

Ospreys (Pandion haliaetus) have enlarged, highly curved talons, 
with specialized little spines (spicules) on the ventral surface of the 
foot, which enable them to grab and hold slippery fish. Ospreys also 
have the ability to swivel their fourth digit to the rear, making them 
semi-zygodactylous. All the other Falconiformes species are aniso- 
dactyl and perch with three digits forward and one backvvard.” 

The talon of the third digit has a specialized sharp edge on the 
medial side, used for feather grooming, which should be preserved 
during any trimming and reshaping.”' To trim the talons and beak, 
guillotine-type nail clippers, utility knife, flat and round metal files, 
or hand-held Dremel hand drill may be used. 

Talons may be accidentally torn off. Treatment is accomplished 
by quickly controlling bleeding, painting the surface with a 


protective material (e.g., fingernail polish), and affixing a protective 
cover such as plastic syringe case, vinyl nail caps, or multiple layers 
of cyanoacrylate glue, with either antibiotic powder and talcum 
powder or fine sodium bicarbonate powder.°'”' Regrowth of a talon 
will take up to 6 months." 


Nares 


ares of falcons, Buteo species, and eagles have a bony baffle, or 
operculum, thought to facilitate air flow in the nostrils during high- 
speed flight.” 


Gastrointestinal Tract 


All Falconiformes species, except the bearded vulture, have a crop 
for the storage of food.” The stomach of raptors is simple. The pH 
of the stomach is approximately 1.0 in diurnal raptors prior to eating 
(1.7 in hawks), and they are capable of digesting bones.'* The ceca 
is absent or vestigial."' The gall bladder is usually present.” The small 
pancreas is located within the duodenal loop. The cloaca is similar 
to other avian species.” 

Escherichia coli, Proteus spp., coagulase-negative Staphylococcus 
sp., Micrococcus sp., Corynebacterium sp., Bacillus sp., Streptococcus 
sp., and Salmonella sp. have been isolated from the lower intestines, 
cloaca, and fecal samples of healthy raptors. ””” 


Respiratory System 


The epiglottis is absent, and the trachea contains complete cartilagi- 
nous rings.’ Normal flora of the choana should be predominantly 
gram positive, including coagulase-negative Staphylococcus sp., 
Micrococcus sp., Corynebacterium sp., and Pasteurella sp." 


Urogenital System 


In contrast to other birds, many Falconiformes of the families Cathar- 
tidae, Accipitridae, and Falconidae have two ovaries and two ovi- 
ducts. It seems unlikely that both ovaries are fully functional.” No 
phallus is present." 


Musculoskeletal Anatomy 


Many good diagrams of the anatomy of the wing and pelvic limb of 
raptors are available.” The femur and humerus are usually pneu- 
matized.” In the genus Falco, two sesamoid bones are present in the 
metacarpophalangeal joint and one sesamoid bone in the interpha- 
angeal joint of the major digit. Two intratendinous ossifications are 
present in the region of the carpometacarpus and the major digit.” 
An os prominens is present at the cranial margin of the carpus in Buteo 
and Accipiter, articulating with the distal radius.” In falcons, the 
arsometatarsus has a medullary cavity running the whole length of 
he bone. In hawks and eagles, the medullary cavity is absent from 
he proximal third of the tarsometatarsus.” 


HOUSING 


Both indoor facilities (called mews) and outdoor facilities should be 
provided. Minimum dimensions for a typical 1-kilogram (kg) raptor 
housed singly are 2 x 3 x 2.5 meters (m) high.” Shade is important. 
Some species, including highly migratory species, small-sized Accipi- 
ter species, and southern temperate zone species (e.g., Harris’ hawk), 
cannot tolerate cold and must have supplemental heat when the 
ambient temperature drops below 0° C. Eagles, red-tailed hawks, 
goshawks, and most falcons may tolerate extreme cold, as long as 
they are protected from wind.” Temperature tolerance guidelines 
and minimum size requirements have been established for many 
species.” Water must be provided at all times for drinking and 
bathing. 
Accipiter cannot be housed with other species, and the sexes of 
merlins and Northern goshawks (Accipiter gentilis) should be housed 
separately, since the larger female may kill her mate. A table of com- 
patible species has been published." ' 
Perches must be considered carefully with regard to size, shape, 
covering materials, and placement to maintain foot health and 


comfort. Falcons require broad, flat perches, covered with artificial 
turf, whereas buteos and goshawks are maintained on perches ellipti- 
cal in cross-section, sized proportionately to their feet, and wrapped 
with sisal rope.”" Multiple perches may be detrimental if the birds 
hop with hard landing, rather than flying, subjecting their feet to 
bruising.” 


FEEDING AND NUTRITIONAL DISORDERS 


All raptors are carnivores. Most Falconiformes obtain a lot of their 
total daily fluid intake with their food, but they should have access 
to fresh drinking water daily.” 

The smaller raptors eat approximately 20% of their body weight 
daily, the medium-sized birds eat approximately 10% to 15% of their 
body weight, and the large birds eat 6% to 8% of their body weight. 
Regular weighing of birds is important to ensure adequate dietary 
intake.’' When assist-feeding or force-feeding, the stomach capacity 
of raptors is 40 milliliters per kilogram (mL/kg).” Hills A/D (Topeka, 
KS) or Oxbow Carnivore care (Murdock, NE) may be tube-fed in 
anorectic birds. 
A reduction in food intake is observed in warm weather. A 
bird that is stressed or has additional energy requirements (e.g., 
during breeding or molting) will benefit from additional essential 
amino acids and vitamins. Breeding females should receive calcium 
and vitamin D; supplement. Raptor chicks are born with little 
or no gut flora, and enteritis with bacterial overgrowth is common. 
The use of probiotics in the first 14 days will reduce such 
imfections.” 

Several raptor species egest (regurgitate) castings composed of the 
undigested remains of the bones and fur of their prey. The casting 
material is usually regurgitated 12 to 18 hours after ingestion, but 
havvks may eat more than one meal before casting. ”” 

Raptors need a diet consisting of the whole bodies of prey species 
such as domestic quails, chicks, mice, rabbits, and other small birds 
and rodents. Pigeons are a special risk to raptors because of their 
high prevalence of trichomoniasis and should be frozen and thavved 
before feeding.” 


Buzzards have a nonspecialized diet and 
Vultures are obligatory scavengers that may € 
of food deprivation between feedings.” Most 


may be scavengers.” 
ncounter long periods 
vultures tend to have 


a calcium-deficient diet because they usually ingest meat and viscera. 


They depend on large predators to provide 
ments. 


hem with bone frag- 


Ospreys require fish. If frozen fish are to be used for food, 


thiamine needs to be supplemented at 1 to 3 mg/kg. ” 

A fatty liver-kidney syndrome of merlins, possibly from excessive 
feeding of day-old chicks and inbreeding, has been recognized./” 

Small raptors, particularly Accipiter, are prone to neurologic signs 
and collapse from hypoglycemia if deprived of food or flown too 
light in weight on a cold or windy day.” 

Bird presenting with neurologic signs that have been fed an all- 
meat diet should be given glucose, B vitamins (particularly thia- 
mine), vitamin A, and calcium supplementation.” 

Young secretary birds (Sagittarius serpentarius) fed on standard 
raptor diets may suffer a calcium-to-phosphorus imbalance because 
their principal food in the wild is snakes, which are high in calcium 
phosphate. 
Secondary nutritional hyperparathyroidism (metabolic bone 
disease) occurs in raptors, and clinical signs are similar to those seen 
in other avian speci es. Raptors need vitamin Ds, and they cannot 
utilize vitamin Də. ” The calcium-to-phosphorus ratio should be 2:1. 
This disease, vvhich is problematic in captive raptors, has also been 
encountered among free-flying vultures in regions where other large 
predators that vvould normally erush the bones in carcasses have 
been eliminated or vvhen parents select pieces of china or plastic 
instead of bone to supplement the diet of their chicks.””" 

Thiamine deficiency is associated with loss of appetite, “star 
gazing,” muscle weakness, tremors, opisthotonus, seizures, and 
death. Thiamine deficiency is most commonly observed in juveniles 
consuming all-meat diets or piscivorous birds fed thawed fish.” 
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Treatment includes thiamine by intramuscular injection and diet 
supplementation. The derangement may become permanent and 
unresponsive to therapy if not dealt with immediately.” 

Vitamin A deficiency causes similar signs as in other species, 
including white pustules along the mouth, esophagus, crop, and 
nasal passages; caseous nodules blocking salivary glands, syrinx, or 
he area under the eyelids; xerophthalmia; polyuria or polydipsia; 
gout; reduced egg and sperm production; hyperkeratosis of plantar 
surface of feet, which predisposes to bumblefoot; and reduced 
immune response leading to diseases such as aspergillosis.”! 

Signs of vitamin E deficiency include poor muscle function, mus- 
cular dystrophy, spastic leg paralysis, degeneration of pipping muscle 
in neonates with poor hatchability, spraddle legs, muscle twitching, 
encephalomalacia, incoordination, torticollis, testicular degenera- 
ion, infertility, and steatitis. / 


RESTRAINT AND HANDLING 


Falconry hoods block visual stimuli and have a calming effect, result- 
ing in slower heart rate.” Alternatively, the birds head may be 
covered with a lightweight towel or cloth. 

The feet of raptors must be the first concern for restraint. 
However, falcons and vultures bite fiercely, as do some eagles.» Once 
restrained, the index finger of the handler should always be placed 
between the birds legs to prevent injuries to the legs and provide a 
good grip. 

Methods to restrain hooded raptors from the fist or wild raptors 
in a box or from a perch have been described.*°' Condors, large 
vultures, and eagles should be captured and restrained by two 
persons. The use of protective gloves is recommended. One person 
approaches the bird from behind and above with a large blanket 
and covers the bird, finding the upper legs through the blanket and 
quickly restraining one leg in each hand. The bird is then lifted 
and the wings tucked between each arms into the handlers 
body. The second person may restrain the head as soon as possible 
(Figure 17-2). Vultures may regurgitate food from their crop when 
handled.” 

Capture myopathy has been reported in secretary birds. Clinical 
signs include depression, limb paresia or paralysis, hock-sitting, 
lateral or sternal recumbency, and death.°! 


FIGURE 17-2 Two-person manual restraint of an eagle. 
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Some kites and hawks will lie in sternal recumbency and feign 
death when approached. 


ANESTHESIA 


It is difficult—if not impossible—to conduct an adequate physical 
examination on a struggling raptor. Raptors should be fasted for 6 
o 8 hours before anesthesia.°' Isoflurane is administered as in other 
avian species, via a facemask, intubation, an air sac cannula, or a 
chamber. Arrhythmias with the use of isoflurane have been reported 
in bald eagles.” Sevoflurane may also be used. 

Injectable anesthetics are unreliable and should only be used if 
gaseous anesthesia is not available. Ketamine with xylazine has been 
reported as effective in raptors but has also caused deaths attributed 
to severe sinus bradycardia.°' Intravenous (IV) ketamine may cause 
convulsions, prolonged apnea, or immediate cardiac arrest in a 
number of raptors.°' When using xylazine alone, raptors may show 
a hypersensitivity to external stimuli.’ Tiletamine zolazepam 
(Telazol) is suitable to produce anesthesia via parenteral injection.” 
Death with the use of alphaxalone has been reported in red-tailed 
hawks, with high prevalence of sinus arrest and tachycardia.” 
Use of continuous rate infusion (CRI) propofol has been studied in 
red-tailed hawks; it had minimal effects on blood pressure, but 
effective ventilation was reduced. Prolonged recovery periods with 
moderate-to-severe excitatory central nervous system (CNS) signs 
may occur in this species with propofol.”” Ketamine or tiletamine 
zolazepam have been used orally in bait.””” Buprenorphine does 
not appear to be effective in birds of prey. The author of this 
chapter prefers to use butorphanol as an analgesic, but the frequent 
administration needed sometimes negates the benefits in highly 
stressed birds. 


SURGERY 


Surgical conditions in raptors are similar to those in other avian 
species. Some details of orthopedic surgical techniques are covered 
later in this chapter. Whole limb amputation usually causes bumble- 
foot on the remaining foot.” A scale has been established to serve as 
a guide to surgeons for digit amputation. If the bird is missing both 
second digits, one or both halluxes, or all of these parts, it is con- 
sidered not releasable.'° In male raptors, loss of a wing may be 
problematic, as the male bird uses its wings to maintain its position 
on the female during mating.” 


DIAGNOSTICS 


The hematologic assessment may be accomplished by drawing blood 
rom the basilic, metatarsal, ulnar, or right jugular veins. Packed cell 
volume (PCV) and total plasma solids may be determined, and a 
blood smear is used for differential counts as well as for detecting 
parasites and cellular abnormalities. 2” Many publications have 
described the reference values for hematology and biochemistry in 
many species of Falconiformes.””" 
Raptors show a predominantly heterophilic leukogram with leu- 
kocytes similar to other avian species. Falconiformes species have 
relatively large erythrocytes (up to 16 x8 micrometers [um]). Mild 
heterophilia without severe toxic changes, lymphopenia, or both 
might indicate stress in raptors. ” California condors demonstrate a 
unique stress leukogram, with white blood cell (WBC) counts 
ranging between 25 and 30 x10’, thus masking leukocytosis associ- 
ated with infection. 

Since elevated plasma uric acid concentrations occur postprandi- 
ally in healthy raptors, blood for uric acid analysis should not be 
taken until 24 hours after the last meal.” Increased plasma urea 
concentration is observed in dehydrated individuals. In prerenal 
function disorders the ratio between urea and uric acid is high (>6.5 
in peregrine falcon).” 

Protein electrophoresis has been shown to play an important role 
in the diagnosis of chlamydophilosis and aspergillosis in raptors and 


species-specific reference values are available. Falcons with 
confirmed aspergillosis possibly show lower serum prealbumin 
values compared with healthy falcons. ” 

Radiography is an important diagnostic tool. The caudoplantar 
view of the foot is particularly useful in assessing chronic bumble- 
foot.”) Gastrointestinal (GI) tract contrast study using fluoroscopy 
may be performed with the bird standing on a perch or in a card- 
board box. Barium sulfate is administered orally at 0.025 to 0.05 
milliliter per gram (mL/g) bodyweight. Falcons and hawks have an 
empty tract after 8 hours.” In raptors, a recent meal would fill the 
proventriculus and gizzard and spread the liver shadow, making the 
liver appear larger, and this must be differentiated from pathologic 
changes.” Cardiac size during radiographic examination has been 
studied in some Falconiformes.' IV iohexol increases the contrast of 
the kidneys.” 

Reference values for B-mode (two-dimensional) echocardiogra- 
phy have been reported for some diurnal raptors.°' Electrocardio- 
graphic (ECG) reference values have been published for conscious 
golden eagles (Aquila chrysaetos) and buzzards (Buteo buteo) anesthe- 
tized with isoflurane.'°”" 

Microbiologic examination may consist of cultures taken from the 
oral pharynx and trachea and from freshly voided feces.°' Castings 
may be used for parasitologic or microbiologic investigations as well 
as be radiographed to detect metallic objects.'” 

Comprehensive urinalysis data from healthy falcons have been 
published.” Most raptors are positive for blood in urine because of 
their meat diet. Severe liver disease (e.g., falcon herpes virus) or 
inanition may increase the secretion of biliverdin, which results in 
lime-green urine and urates.'*°! Screening for intestinal parasites is 
done through fecal examination—both direct smear as well as 
flotation. 

In falcons, the “stress or endurance test” may be performed for 
the assessment of air sacculitis. After 5 to 10 minutes of rest, the 
falcon is allowed to fly suspended from a leash for an average of 30 
seconds. If the bird requires longer than 2 to 3 minutes to return to 
normal, radiology or endoscopy is indicated.”" 

Endoscopic examination or biopsy is best performed by a lateral 
approach through the caudal thoracic air sac into the abdominal air 
sac,” 

Mydriasis for ophthalmic examination may be performed with 
the use of anesthesia with isoflurane.” Topical application of the 
neuromuscular blocking agent rocuronium bromide (0.12 mg per 
eye) induces mydriasis without adverse effects in European kestrels 
(Falco tinnunculus).’ Mean intraocular pressure values have been 
published for some Falconiformes species.” 

Computed tomography (CT) may be used to demonstrate the 
lesions of aspergillosis and the structures of the head.'’ Magnetic 
resonance imaging (MRI) has been shown to be superior to radiog- 
raphy in evaluating spinal cord trauma in bald eagles.° 


THERAPEUTICS 


Only a few pharmacokinetic studies, including those for terbinafine, 
marbofloxacin, enrofloxacin, itraconazole, piperacillin, and trama- 
dol, have been performed in raptors. 7777770565 A formulary for 
Falconiformes, with information collated from personal experiences 
and many textbooks and journals, is provided in Table 17-1. Drug 
toxicities are covered later in this chapter. Maintenance fluid require- 
ment is 40 to 60 mL/kg/day. A maximal fluid administration rate of 
80 to 90 mL/kg/hr may be used for shock therapy. Boluses of fluids 
at 10 mL/kg/min are well tolerated and usually yield satisfactory 
results. 


INFECTIOUS DISEASES 


The most common bacterial, fungal, and viral infections of Falconi- 
formes are summarized in Table 17-2. Aspergillosis is covered under 
management-related diseases. 


Text continued on p. 136 
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TABLE 17-1 
Drug (Generic) Dose (mg/kg) Frequency Route Comments 
ANTIBIOTICS 
Amikacin 15 BID 
Amoxicillin 150 BID /PO 
Amoxicillin/clavulanic acid 150 BID PO 
Amoxicillin-LA 150 SID 
Ampicillin 15 BID 
Carbenicillin 100-200 TID 
Cefazolin 50-100 BID /PO 
Cefotaxime 75-100 BID 
Cephalexin 40-100 TID/QID /PO 
Cephalothin 100 BID 
Chloramphenicol 50 TID 
Ciprofloxacin 50 BID PO 
Clindamycin 50-100 SID-BID PO 
Clofazimine Tib SID PO For tuberculosis 
Cloxacillin 250 BID PO 
Cycloserine 5 BID PO For tuberculosis 
Doxycycline 50 BID PO 
Enrofloxacin 15 SID-BID /PO Can cause emesis/anorexia 
Erythromycin 60 BID PO 
Ethambutol 20 BID PO For tuberculosis 
Gentamicin 2.5 TID 
Lincomycin 50-75 BID /PO Intra-articular 0.25-0.5 ml 
Marbofloxacin 10 SID PO In Eurasian buzzards 
Metronidazole 50 SID PO 
Oxytetracycline 25-50 TID /PO 
Long-acting injection 50-200 Every 3-5 days 
Piperacillin 100 OlD İn red-tailed havvks 
Ticarcillin 200 BID 
Tobramycin 5-10 BID 
Trimethoprim-sulfadiazine 20-30 BID Sc 
60 BID PO 
Tylosin 30 BID 
ANTIPROTOZOALS/ANTIHELMINTICS 
Amprolium 30 SID PO Thiamine deficiency (merlins) 
Carnidazole 20-25 Once PO 
Chloroquine 20-25 Once PO Use with primaquine 
10-15 At 12, 24, 48 hours 
Chlorsulon 20 Every 2 weeks x 3 doses PO 
Clazuril 5-10 Every 3 days x3 doses PO 
or SID x 2 days 
Doramectin 1 SC/IM 
Fenbendazole 20-25 SID PO 
100, Once 
Ivermectin 0.2-1.0 Every 14 days x 2-3 SC/IM/PO 
Levamisole 20-40 Once PO 
10-20 Once SC 
Mebendazole 20 SID PO 
Mefloquine 30 At 0, 12, 24, 48, 72 PO 


hours, then weekly 
Continued 
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TABLE 17-1 
Drug (Generic) Dose (mg/kg) Frequency Route Comments 
Metronidazole 50-100 SID PO 
Moxidectin 0.5 Once PO 
Praziquantel 5-10 or 50 SID; repeat in 14 days PO/SC/IM 
Primaquine 0.75-1.0 Once or SID x2 PO Use with chloroquine 
Pyrantel 20 Once PO 
Pyrimethamine 0.25-0.5 BID PO 
Quinacrine 5-10 SID PO/IM 
Toltrazuril (Baycox) 15-25 SID x2 days or every PO Repeat in 2 weeks 
other day x3 doses 
LEAD TREATMENT 
Calcium-EDTA 50-100 BID IV/IM 
Dimercaptosuccinic acid 30 BID PO 5 days on/2 days off (3-5 
weeks) 
D-Penicillamine 55 BID PO 
Vitamin C 250 SID PO 
Zinc 25 SID PO 
ANTIFUNGALS 
Amphotericin B 1.5 TID IV (slow) With 10-15 mL/kg fluids 
Fluconazole 5 SID-BID PO 
Flucytosine 20-30 QID PO 
40-50 TID 
Itraconazole Prophylaxis: 10 BID for 5 days; PO Gyrfalcons only 8 mg/kg; 
Therapeutic: 10-15 then SID for 3 weeks anorexia or regurgitation 
Ketoconazole 60 BID PO 
25 BID IM 
Nystatin 300,000 Units/kg BID-TID PO 
Terbinafine 22 SID PO İn red-tailed hawks 
Voriconazole 10-15 BID PO 
SEDATIVES/ANESTHETICS/ANALGESICS 
Alphaxalone 5-10 V Deaths in red-tailed hawks 
Atropine 0.1 Every 3-4 hours V/IM 
Butorphanol 1-4 TID-QID 
Diazepam 0.5-1.5 As needed V/IM 
Ketamine 5-30 May cause cardiac arrest or 
May be given vvith medetomidine apnea or convulsions; 
at low end of dose 100 mg/kg in a piece of meat 
Medetomidine 0.15-0.35 (with ketamine) Atipamezole to reverse 
Midazolam 0.5-1.0 TID V/IM 
Propofol 1.33 V 1 mg/kg/min CRI 
Tiletamine/Zolazepam 5-30 80 mg/kg in an oral bait 
Tramadol 5 BID PO In bald eagles 
Xylazine 1.0-2.2 (with ketamine) V/IM Yohimbine to reverse 
ANTI-INFLAMMATORIES AND STEROIDS 
Carprofen 1-2 SID-BID PO/IM 
Dexamethasone 0.5-2.0 One dose V/IM 
Flunixin meglumine 1-10 SID 
Ketoprofen 1-5 SID 
Meloxicam 0.5 BID /PO 
Methylprednisolone 0.5-1.0 Once 
acetate 
Prednisolone sodium 10-20 Once /\V 
succinate 
Triamcinolone 0.1-0.2 Once 
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TABLE 17-1 
Drug (Generic) Dose (mg/kg) Frequency Route Comments 
NEBULIZATION 
Amphotericin B 100 mg in 15 mL saline 
Clotrimazole 7%-10% solution With 5% DMSO in 
polyethylene glycol 

Enrofloxacin 100 mg in 10 mL saline 
Enilconazole 1 mL in 9 mL saline 
Gentamicin 50 mg in 10 mL saline 
Terbinafine 1 mg in 1 mL saline 
MISCELLANE0US 
Acyclovir 333 BID PO 

80 TID PO 
Aminoloid 0.25-0.75 Once, repeat in 14 days M Induction of molt 
Biotin 0.05 SID (30-60 days) PO Aid in beak or claw regrowth 
Calcium glubionate 25-150 BID PO 
Calcium gluconate/ 1-5 mL/kg Once V/SC 

borogluconate 10% 
Cisapride 0.25 TID PO 
Dextrose 50% 1-2 mL/kg As needed V slowly 
Doxapram 10 Once V 
Dinoprost 0.02-0.1 Once Topical On cloaca; for egg binding 
Furosemide 0.5-2.0 As needed - OID V/IM 
Imidocarb dipropionate 5 Once, repeat in 1 week To treat Babesia shortii 
Iron dextran 10 Weekly (deep) 
Isoxsuprine 5-10 SID PO For wing tip edema 
Lactulose 0.5 mL As needeq PO 
Leuprolide acetate 250 ug/kg Every 14-21 days 
Mannitol 0.25-2.0 V slovviy 
Metoclopramide 2 TID V/IM/PO 
Oxytocin 3-5 IU/kg 
Pralidoxime chloride 100 Repeat after 6 hours 
Propentofylline 5 BID PO For wing tip edema 
Ranitidine 0.2-0.5 BID 
Sucralfate 25 TID PO 
Thiamine 10-50 SID PO 
Thyroxine 100-800 ug/kg Daily PO 
Vitamin A <20000 IU/kg Weekly IM 
Vitamin B complex 10-30 (of thiamine) Every other day-weekly IM 
Vitamin E/selenium 0.05 mg selenium and 3.4 IU Repeat at 72 hours SC 
vitamin E 

Vitamin K, 0.2-2.2 TID, then SID IM 


———.,.N,“,.....m.m.-OoO5£—.,.,.,.,.,.n..x.LxX.oA..,.Ln..o,nK,A.,.K..,A.A.n-€—,7”UUUUUUUUUı 
From references 7, 8, 12, 14, 22, 26, 28, 29, 32, 34, 39, 52, 56, 61, 65, and 71. 
BID, Twice daily; DMSO, dimethyl sulfoxide; EDTA, ethylenediaminetetraacetic acid; IM, intramuscularly; /U/kg, international units per kilogram; IV, intra- 
venously; ug/kg, microgram per kilogram; mL/kg, milliliter per kilogram; PO, by mouth; Q/D, four times daily; SC, subcutaneously; SID, once daily. 
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Parasitic Diseases 


Ectoparasites 

Most ectoparasites are commensal on raptors. With debilitation or 
stress, their numbers may increase resulting in immunosuppression 
and anemia. Pyrethrin and fipronil sprays effectively kill most ecto- 
parasites.’ Multiple lice species have been reported in Falconi- 
ormes, including Crasperdorrhynchus, Laemobothrion, Colpocephalum, 
Degeeriella, and Falcolipeurus.'’*’°' Flea infestations are generally 
rare in raptors, but a number of species are sometimes found in the 
nests of Falconiformes. The stickfast flea Echidnophaga gallinacea 
actually attaches itself to the skin of the host.'* Ticks are occasionally 
ound on raptors, on the less feathered parts of the head and under 
the thighs. Subcutaneous hemorrhage and edema of the head have 
been reported with Ixodes ricinus in captive birds of prey. ” Blow-fly 
arvae infestation (myiasis) may be found in the external auditory 
canals of nestling raptors, especially hawks, but usually they do not 
cause permanent damage. They should be mechanically removed 
with forceps by placing a drop of mineral oil or saline in the ear, 
forcing the worms to get their spiracles out into the open air for 
breathing. Wounds may also be affected by myasis.'*’' The mite 
Knemidokoptes may affect the scales of feet and create the typica 
honey-combed skin. It should be treated with liquid paraffin and 
ivermectin.” ”” The red mite Dermanyssus gallinae may be found on 
birds housed in wooden mews or in aviaries and may cause feather 
loss or broken feathers, mainly in juveniles. The preferred treatment 
is with ivermectin, and the premises should be sprayed with an 
insecticide.” A comprehensive checklist of parasitic mites of Falco- 
niformes has been published.” Hippoboscidae (flat flies) such as 
Ornithomyia avicularia are commonly found on birds of prey and may 
cause significant blood loss in very young birds They may be 
removed manually or the raptor dusted with pyrethrin (0.5% to 2%), 
malathion (5%), or carbaryl (0.596)./” 


Endoparasites 

A review of endoparasites of raptors has been published.” The main 
endoparasites and blood parasites of Falconiformes are reviewed in 
Tables 17-3 and 17-4. 


MANAGEMENT-RELATED DISEASES 


Management failure is the main cause of bumblefoot and fungal 
infections such as aspergillosis. 


Aspergillosis 


One of the most devastating diseases of captive raptors is fungal 
infection of the respiratory system caused by Aspergillus fumigatus. 
Among North American raptors, goshawks, gyrfalcons, immature 
red-tailed hawks, and golden eagles are more likely to develop the 
disease. Raptors originating from arctic or subarctic climates, as well 
as ospreys and rough-legged buzzards (Buteo lagopus) are also 
reported as being particularly at risk. Aspergillosis is one of the 
most important mortality causes in captive bearded vultures in the 
European Bearded Vulture Project.” Aspergillosis in gyrfalcons is a 
serious problem for falconers and becomes apparent when the birds 
are approximately 10 weeks of age.”" 

Aspergillosis is not transmissible among birds.” Infection occurs 
by inhalation of the ubiquitous spores. Acute aspergillosis is the 
product of inhalation of overwhelming numbers of spores from the 
environment, whereas the chronic forms usually develop as a result 
of low-level exposure coupled with compromised immune function 
caused by recent capture, change of ownership, poor ventilation, 
neonatal and geriatric conditions, corticosteroids, respiratory irri- 
tants, or lead poisoning.®'”' Localized forms involve granuloma for- 
mation in the syrinx or the sinuses.” 

The respiratory tract is most often affected, but the spores may 
migrate to other organs. Ocular and skin infections have been 
reported. The interclavicular air sac is more often affected in gyrfal- 
cons than in other raptors. When respiratory signs or weight loss 


become apparent, the disease usually has developed extensively.’ An 
alteration or loss of voice is pathognomonic for the syringeal form 
of aspergillosis, and complete obstruction of the respiratory tract 
may occur.” 

A diagnosis is made by observing elevated total WBC count 
(heterophilia and monocytosis), radiography, and deep tracheal or 
air sac cultures. Indirect enzyme-linked immunosorbent assay 
(ELISA) for Buteo species is available, but specific conjugates must 
be made for use in falcons and Accipiter species. A polymerase chain 
reaction (PCR)—based test is available in the United States. Protein 
electrophoresis may demonstrate an increase in B- and y-globulins.”” 
Endoscopic examination of the trachea and air sacs is invaluable in 
confirming the diagnosis and establishing the prognosis."! 

One recommended treatment consists of oral itraconazole twice 
a day for 5 days and then once daily for 1 to 3 months; nebulization 
with clotrimazole, two 1-hour sessions per day for 4 to 8 weeks; and 
amphotericin B given intratracheally or injected into posterior tho- 
racic air sacs (percutaneous puncture—approximately 1 mg/kg 
diluted to 1-3 mL in water—or applied directly to air sac lesions via 
endoscope). Amphotericin B may also be administered intrave- 
nously."’ Voriconazole may be given orally, 1 hour before or after 
feeding, twice a day for 4 days, followed by once-a-day administra- 
tion.'* A liquid form may also be concurrently nebulized.”” Flucon- 
azole appears to be ineffective.” A 1:250 dilution of F10 has been 
used to nebulize raptors with aspergillosis, alone or in combination 
with oral itraconazole.’ Birds with severe respiratory signs have a 
poor prognosis, and surgical removal of localized lesions is needed.” 

Prophylaxis using itraconazole for 3 to + weeks is recommended 
for captive-held raptors undergoing a change in management and 
for injured raptors after admission to a rehabilitation center. For 
young gyrfalcons 40 to 45 days of age, daily administration of itra- 
conazole or terbinafine is initiated and continued until the onset of 
cooler weather.’?"! 


Bumblefoot 


Bumblefoot is a degenerative, inflammatory foot condition most 
often found in Falconidae. The condition is initiated by abnormal 
pressures placed on the birds feet by improperly shaped perches or 
inappropriate perching substrate and housing arrangements. In rare 
instances, the condition may result from trauma. Inactivity, lack of 
exercise, and hypovitaminosis A may play a role in the occurrence 
of bumblefoot.’' Infection is usually secondary. The bacterium most 
commonly isolated is Staphylococcus aureus. Other agents such as 
Streptococcus sp., E. coli, Proteus sp., Pasteurella spp., Pseudomonas 
aeruginosa, Klebsiella sp., Clostridium sp., Corynebacterium sp., Nocar- 
dia sp., Actinomyces sp., Candida sp. and Aspergillus sp. have also 


been isolated.*”*! Bumblefoot has 
into three stages or five stages.’ 


been classified by different authors 
737 Severely swollen feet should 


always be examined radiographically.”" 


The treatment of bumblefoot i 


nvolves removal of the underlying 


causes and management of the wound. In early type 1 cases, applica- 


ion of skin tougheners (campho 
along with alteration of perch size 
It appears that bumblefoot types 


r spirits and tincture of benzoin) 
or covering material will suffice.” 
and 2 may heal spontaneously if 


he bird is released or given freedom of a large aviary. ” When ulcer- 
ation, swelling, and inflammation have occurred, treatment involves 
surgical debridement, irrigation with sterile saline or 0.5% chlorhexi- 
dine, and protective ball bandaging or application of a custom-made 
polypropylene foam shoe. Culture and determination of antibiotic 
sensitivity is essential for systemic antibiotic selection. Cephalospo- 
rins, fluoroquinolones, lincomycin, and clindamycin typically yield 
he best results.°'’’ Swelling may be reduced 1 to 2 days prior to 
surgical debridement by the application of a cocktail of 0.5 mL 
dimethylsulfoxide, 0.2 mL dexamethasone, and 0.3 mL of enroflox- 
acin 100 mg/mL.” The use of slow-release antibiotic-impregnated 
methylmethacrylate beads in conjunction with surgical debridement 
and a course of systemic antibiotic therapy have improved the 
outcome of bumblefoot and reduced recurrence. Antibiotics that 
may be incorporated in the beads include piperacillin, rifampicin, 


TABLE 17-3 


Parasites 


Hosts 


Clinical Signs 
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Treatment 


Trichomonas gallinae 
(flagellate) (Frounce) 


Wild pigeons; wild/captive 
raptors; wild peregrine 
falcons appear to have 
innate resistance 


Yellow caseous plaques 
on tongue, pharynx, 
esophagus, crop (Figure 
17-3); may invade sinuses, 
ear, trachea; liver necrosis; 
secondary Pseudomonas 
aeruginosa 


Direct ingestion of 
infected pigeons; 
also direct contact 
or ingestion of 
contaminated food/ 
water 


Metronidazole; 
carnidazole (some 
resistance reported); 
Surgery; Freeze 
pigeons for 24 hours 


Caryospora spp. 


C. neofalconis in juvenile 
merlins (UK) 


Lethargy, weight loss, 
anorexia, green/bloody 
diarrhea; acute death 


Direct and indirect; 
rodents are 
intermediate hosts 


Clazuril; toltrazuril 
Prophylaxis: Clazuril at 
17-20 days and 6 
weeks of age 


Sarcocystis spp. 
Sarcocystis calchasi sp. 
nova 


All raptors; mortality in 
free-ranging bald and 
golden eagles 
(S. falcatula) 

Northern goshawk/ 
European sparrowhawk 


Neurologic signs in Northern 
goshawk and golden 
eagle; usually inapparent; 
tissue cysts in muscles 

Fatal in pigeons; 
asymptomatic in raptors 


Indirect; raptors are 
definitive or 
intermediate hosts; 
rodents are 
intermediate hosts 

Domestic pigeons are 
intermediate hosts 


Toxoplasma gondii 


Usually resistant 


Intermediate hosts 
(no clinical signs) 


Feeding on other 
intermediate hosts 


Syngamus trachea 
Cyathostoma spp. 


All 


Obstruction of trachea, 
dyspnea, coughing, head 
shaking; C. lari in 
conjunctival sac and nasal 
or orbital cavities 


Direct or via paratenic 
hosts (earthworms, 
snails, invertebrates) 


Fenbendazole; 
mebendazole; 
thiabendazole; 
ivermectin; physical 
removal 


Serratospiculum spp. or 
Serrato-spiculoides 
spp. (Filarid 
nematodes) 


Falcons (S. seurati in 
tropical countries; 
S. amaculata in North 
America) 


Found in air sacs; usually not 
pathogenic but can cause 
air sacculitis, peritonitis 
and death 


Indirect; intermediate 
hosts: grasshoppers 
and beetles 


Ivermectin; fenbendazole 
Removal of dead 
worms endoscopically 
is controversial 


Capillaria spp. 


All 


White diphtheritic 
membranes in esophagus, 
crop, oral cavity, pharynx 

Mortalities in gyrfalcons 


Direct or ingestion of 
paratenic hosts 
(mollusks, 
earthworms) 


Mebendazole; 
fenbendazole; 
moxidectin; levamisole 


Eucoleus aerophilus 


Peregrine falcon 


Fatal pneumonia 


Trichinella 
pseudospiralis 


Ascarids 


All raptors—rare 


Pathogenic only in young 
raptors 


Adult worms in intestines; 
decreased reproduction in 
American kestrels; 
paralysis in Cooper's hawk 


Weight loss, ileus, intestinal 
impaction and rupture 


Direct (eating infected 
prey) 


Fenbendazole 


Ivermectin; fenbendazole 


Contracaecum spp. 
Porrocaecum spp. 


May affect juvenile raptors 


Usually in stomach; weight 
loss, intestinal obstruction 


Insectivores are 
paratenic hosts 


Ivermectin; fenbendazole 


Cyrnea spp. All Incidental finding in Intermediate hosts are Fenbendazole 
Synhimantus spp. proventriculus; heavy flies and beetles 
(spirurid nematodes) infection with S. laticeps 
caused ulcers in a buzzard 
Tapeworms: All Usually not pathogenic; Intermediate hosts are Praziquantel 


Ligula spp., Cladotaenia 
spp., Paradilepis spp. 


heavy infestation of C. 
globifera caused ileus in 
buzzards 


rodents and fish 


Acanthocephalids: 
Centrorhynchus kunizi, 
C. spinosus 


Raptors are definitive 
hosts, may be 
pathogenic in juveniles 


Asymptomatic; adults in 
small intestine; larvae in 
esophagus of kestrel and 
red-shouldered hawk 


Intermediate hosts are 
rodents 


Flukes (Trematodes): 
Strigea spp., 
Neodiplostomum spp., 
Nematostrigea spp. 


Mainly fish-eating birds; 
N. serpens is specific 
to osprey 


Cholangitis, hepatitis; adults 
may be found in bile and 
pancreatic ducts; intestinal 
intussusception in kestrel 


Indirect: two 
intermediate hosts 
(snail and vertebrate) 


Praziquantel 


From references 8, 12, 18, 38, 42, 43, 48, 53, 58, 66, 74. 
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amoxicillin, clindamycin, enrofloxacin, pefloxacin, and gentamicin. 
The beads may be left in place indefinitely and have caused no clini- 
cal problems for periods up to 1 year.” Meloxicam and carprofen 
are both useful for analgesia.°' Some practitioners administer vitamin 
A routinely for bumblefoot.'’ Five elements are key for the 


FIGURE 17-3 Trichomonas gallinae in the oral cavity of a goshawk. 


prevention of bumblefoot: (1) providing a nutritious, balanced diet 
and preventing obesity; (2) providing perches of appropriate size, 
shape, and appropriate cover (e.g., Astroturf); (3) providing ade- 
quate maneuvering space for free-lofted birds so that they can land 
normally; (4) keeping the talons at appropriate lengths and blunting 
the talon tips of captive birds not used for hunting; and (5) providing 
exercise and observing the feet regularly to recognize the condition 
early.°!7! 


NONINFECTIOUS DISEASES 

Toxicities 

The use of organochlorines has been greatly restricted since the early 
1970s because of their known negative effect on populations of 
raptors, including the peregrine falcons, European sparrow-hawks, 
and California condors.” The main toxicities in Falconiformes are 
summarized in Table 17-5. 


Neoplasms 

The reader is directed to a survey that reported 122 neoplasms of 
39 types in 44 species of Falconiformes and Strigiformes.” Raptors 
may present with any type of neoplasia. 


Trauma 

Trauma is usually the most common cause of presentation of raptors 
in rehabilitation centers. Clinical signs associated with spinal trauma 
include flaccid paralysis of the pelvic limbs, inability to manipulate 
tail feathers, and loss of cloacal tone. Radiology is generally not 
useful initially, but increased areas of density may be seen 2 to 3 
weeks after the injury.’' MRI defines spinal damage more effectively.°° 
Treatment consists of supportive care, including manual voiding of 
the cloaca at least once a day and short-acting steroids, which are 


TABLE 17-4 
Parasites Hosts Target Cells Clinical Signs Vectors Treatment 
Leucocytozoon spp. All raptors Leukocytes and Non-pathogenic (adults) Black flies Usually ineffective; 


(L. toddi is the 
most common) 


erythrocytes; 
cell-distorting 
(nucleus forming 
a crescent) 


central nervous 
system disease or 
blindness in wild 
juvenile nankeen 
kestrels 


(Simulium spp.) quinacrine and 
trimethoprim or 


sulfamethoxazole 


Hemoproteus spp. 
(H. tinnunculus, 
H. brachiatus, H. 
elani, H. nisi, H. 


All raptors; usually 
non-pathogenic 


Erythrocytes; 
encircles the 
nuclei producing 
halter-shaped 


Severe anemia in Harris’ 
hawks; prolonged 
rehabilitation time and 
higher mortality rate; 


Chloroquine and 
primaquine, followed 
by chloroquine every 
24 hours for 1 week 


Culicoides spp. 


Janovyi) appearance reduced reproductive (to reduce parasitemia) 
rate in kestrels 
Plasmodium All, but mainly Erythrocytes; Depression and anorexia Mosquitoes Mefloquine; chloroquine/ 
relictum (avian gyrfalcons and displace the to severe dyspnea (Culicidae) primaquine, then 
malaria) hybrids nucleus with sudden death; chloroquine at 12, 24, 
anemia, biliverdinuria, and 48 hours; 
hepatomegaly, prophylaxis with 
splenomegaly mefloquine or 
chloroquine or 
primaquine weekly 
Hemogregarines or Nonpathogenic 
Trypanosomes 
Babesia shortii All prairie falcons Blindness or mortality in Ixodid ticks Imidocarb dipropionate 
prairie falcon nestlings 
Hepatozoon Black or Egyptian Large monocytes Ticks 
neophrontis vultures, osprey, 


Accipiter 


From references 12, 39, 50, 53, 61, 71. 
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TABLE 17-5 
Toxicity Species Sources Clinical Signs Diagnostic Treatment 
Lead All; common in Consumption of Similar to other avian Whole blood lead Ca EDTA; dimer- 
California shot preys species; pathognomonic levels (blood levels captosuccinic acid, 
condors and “holding hands” (rest >0.4 ppm/40 ug/dL); vitamin C, zinc; 
eagles on hocks with one foot Radiography removal of lead 
grasping the other); (gastric lavage or 
proventricular dilatation, endoscopy) 
crop stasis 
Organophosphates UK: common Cholinesterase- Bradycardia, ataxia, Plasma B esterases Atropine, supportive 
or carbamates buzzard, red kites inhibiting weakness, salivation, care, diazepam, 
North America: compounds paralysis, head tremors pralidoxime 
bald eagle; 
Mississippi kites 
Alphachloralose Eagles, buzzards, Pigeon bait Incoordination, lethargy, Recover without 
harriers death treatment (24-36 
hours) 
Ammonium Falconry birds To improve Vomit immediately after 
chloride around Persian appetite and oral administration; if 


Gulf hunting ability 


unable to vomit, death 


occurs from 
hyperammonemia 


Fenbendazole African white- 


Fatal; profound 


backed and leukopenia; secondary 

lappet-faced septicemia 

vultures 
Anticoagulants All Ingestion Low packed cell Therapy for blood 

volume loss; vitamin K, 

Diclofenac Long-billed, Ingestion: tissues Decline in populations; 

slender-billed, of livestock severe visceral gout 

and Oriental 

white-backed 

vultures 
Mercury Bald eagles (Great Levels capable of causing 


Lakes) 


subclinical neurologic 
signs 


From references 3, 8, 9, 12, 15, 21, 39, 40, 46, 52, 55, 57, 59, 61, 71. 


Ca EDTA, Calcium ethylenediaminetetraacetic acid; g/dL, microgram per deciliter; ppm, parts per million. 


thought to be effective only if given within 12 to 24 hours of the 
traumatic event. A withdrawal response within the first 3 to 5 days 
of treatment is an indicator of a favorable outcome.” 

Some raptors, for example, sparrow hawks, have a tendency to 
fly into windows in the excitement of the chase. Concussed birds 
have reduced response to stimuli, slow pupillary reflexes, and 
depression. They should be kept at a lower temperature to prevent 
further intracranial vasodilation, and seizing birds may be treated 
with benzodiazepines.” 

Wounds involving loss of tissue on the head are frequently 
encountered in Accipiter species. A sliding pedicle graft technique 
(bilateral Z-plasty) to repair these deficits has been described. Useful 
reviews of wound management and the use of skin flaps and grafts 
in raptors have been published.'°°*"" 

Brachial plexus avulsion presents with paralysis of the affected 
wing.” Repeated wing tip injuries from crashing into the fences or 
walls of their enclosures may lead to ulcerative wounds, fibrosis, and 
ankylosis of the joint. Treatment consists of debriding the fibrous 
tissue, applying sutures, and placing bandage anchored to the 
feathers.”! 

“Blain” is a bursitis of the carpus with blister on the joint. It is 
often diagnosed in tethered birds of prey that incur repeated injury 


to the ventral aspect of the wing hitting the floor when attempting 
to escape from an approaching handler. Treatment is with drainage, 
topical and systemic antibiotics, and suitable bandages. ””" 

A syndrome of edema, avascular necrosis, and dry gangrene 
around the base of the distal primary feathers has been commonly 
diagnosed in birds of prey (wing tip edema). The exact etiology is 
unknown, but cold weather is probably responsible. Species origi- 
nating from warmer climates are more commonly affected when kept 
tethered and less active. Treatment includes attempts to restore ade- 
quate blood circulation by massaging, warming the bird, and admin- 
istration of antibiotics and corticosteroids. Prognosis is reserved, as 
in many birds the distal wing tip sloughs off and is lost. The bird 
should be encouraged to continue flying. Laser therapy may be used 
to assist tissue recovery. Use of oral vascular stimulants such as 
isoxoprine or propentofylline or topical vascular stimulants such as 
Preparation-H may be attempted ° 

Although elbow luxation carries a poor prognosis, moderate 
success has been reported with the surgical repair of closed cau- 
dodorsal elbow luxations, followed by immobilization for a few days 
with transarticular external skeletal fixator or “figure-of-eight” wing 
wrap.’ Luxations of the carpal joint are best treated with the use of 
external fixation devices.”" Stifle luxations may be repaired with a 
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transarticular external skeletal fixator. Luxations of the shoulder are 
typically managed with cage rest and bandaging of the wing to the 
body, but surgical repair may also be attempted.°' Metacarpophalan- 
geal joint luxation has been treated successfully with arthrodesis 
using a type 1 external skeletal fixator to stabilize the joint.” 

Tendons of the digits may be injured by ring constriction, trauma 
rom anklets, entanglement in jesses, bites from prey, infection, and 
collisions with cars. The key to successful surgical tendon repair is 
he use of a vascularized pedicle between the tendon and the tendon 
sheath. A waiting period of several weeks after the initial trauma is 
recommended to allow vascularization of the damaged tendon. 
Tendon autograft has been performed.” 

Although multiple other techniques have been reported in the 
iterature, the external skeletal fixator—intramedullary pin tie-in 
fixator (TIF) yields exceptional results in a variety of long bone 
ractures. It consists of the insertion of an intramedullary pin that 
fills approximately three quarters of the bone marrow cavity and 
wo to four external skeletal fixator (ESF) positive-profile threaded 
pins placed at the proximal and distal ends of the affected bone. 
The intramedullary pin is bent at a 90-degree angle at its exit 
point and rotated into the same plane as that of the ESF pins. Latex 
ubing filled with acrylic is placed onto the pins to hold everything 
ogether. Wing coaptation by figure-of-eight bandaging is usually 
not needed. Phased disassembly (dynamization) of the fixation is 
recommended.” 

Most forelimb fractures may be repaired with the TIF applied to 
he ulna and stabilization of the radius with retrograde placement of 
an intramedullary (IM) pin. The ulna must be pinned in a normo- 
grade fashion. If the radius is intact and the ulnar fracture is stable, 
a figure-of-eight bandage might be sufficient. With proximal radial 
ractures, the proximal fragment is usually too short for pinning, and 
coaptation for 3 to 4 weeks is most commonly used. Distal radial 
ractures are best managed by intramedullary pinning.”! 

When using bandages, passive range of motion physical therapy 
under anesthesia should be undertaken within the first week to 
prevent patagial contraction.®! Radio-ulnar synostosis (the bony 
bridge between the ulna and the radius) is a common complication 
of external coaptation. Surgical excision of the bony union with the 
application of a polypropylene mesh implant between the two bones 
has restored wing function in a Mississippi kite ° 
For tarsometatarsus fractures, coaptation with tape splint, com- 
bined with taping the hock in flexion so that the tarsometatarsus is 
splinted by the tibiotarsus, is effective in small birds. Type 2 ESF is 
plicable for larger birds. Fractures of the metacarpus and carpo- 
metacarpus are best corrected by immobilization using an external 
splint or bandage or type 1 ESE It is recommended that application 
of fixation be delayed by 5 to 7 days after the injury to allow soft 
issue to recover.” 

Fractures of the mandible respond well to the intramedullary 
fixation technique or an external fixation device.*'’ Coracoid frac- 
ure may be treated conservatively with cage rest or with IM pin or 
plate fixation.’ Fractures of the pelvis may heal without external 
support if the bird is kept restricted and no neurologic damage has 
occurred.” A review of fracture prevalence and healing rates has been 
published.” Fractures with devitalized, necrotic or infected bone 
close to joints, or with extensive soft tissue damage, are not likely to 
heal.® 
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Low Condition and Sour Crop 

Low condition may result from having been maintained at flying 
weight for too long, the inadequate daily provision of food, or an 
abrupt decrease in temperature. The affected bird is depressed, weak, 
profoundly anemic, hypoproteinemic, cachectic, dehydrated, and 
hypotensive. Once fed, GI stasis occurs, and the food in the crop 
begins to putrefy, leading to “sour crop,” toxemia, and rapid death. 
Treatment consists of aggressive fluid therapy, with blood transfusion 
if PCV is below 20%, keeping the bird warm, and antimicrobial 
therapy. If the crop has soured, the contents should be removed, 
under anesthesia, after intubation, by retrograde massage and 


irrigation of the crop with warmed saline. Injectable ranitidine stim- 
ulates crop motility. Liquid food items given by crop or stomach tube 
are introduced after a minimum of 12 hours of fluid therapy. Solid 
food, devoid of feathers, fur, or bone and well-moistened in saline, 
should be reintroduced slowly.” 


Ocular Disorders 

Wild raptors have a high prevalence of traumatic eye disorders. Vitre- 
ous hemorrhage, retinal detachment, and tearing may be seen after 
accidents or gunshot wounds.' Many traumatized birds show 
fundus disorders often without any changes in the anterior segment 
or other external signs of trauma. Intravitreal hemorrhages may take 
months for resorption, if they resorb at all.” Tears in the iris and 
uveitis are also seen commonly after trauma. Secondary cataract may 
occur with extensive damage of the iridial tissue, but small tears 
usually heal uneventfully following local corticosteroid and antibi- 
otic treatment.°' Corneal injuries and keratitis may also occur in 
raptors after accidental collisions.°'! A temporary tarsorrhaphy may 
be performed to address chronic keratitis, with the use of sterile 
rubber bands as stents to minimize pressure-induced necrosis of the 
lid margin.” 

Ocular conditions may be found with systemic infections with 
Salmonella, mycobacterial infections, paramyxovirus, herpesvirus, 
and Toxoplasma.” Causes of cataract formation may be congenital, 
inherited, senile, or a sequel to trauma or uveitis. Removal by phaco- 
emulsification or extracapsular extraction is effective.”” Microphthal- 
mos appears to be one of the most common congenital ocular 
lesions.”” 

Enucleation has been described in birds of prey.” The author 
prefers evisceration of the eye, removing all soft tissue structures and 
leaving the bony structures intact. The globe is then flushed until 
the socket is clean and the eyelid margins freshened and sutured 
together. The release of a one-eye raptor is controversial, and the 
ability to hunt live preys must be determined. 


Other Conditions 

Amyloidosis is seen in association with some chronic infections (e.g., 
aspergillosis, tuberculosis, bumblefoot, trichomoniasis) in Falconi- 
formes. In hunting falcons in the United Arab Emirates, it presents 
as a fatal syndrome of wasting, weight loss, and green mutes. Amyloid 
is usually found in most organs, including the liver, spleen, kidney, 
and adrenal glands. A semi-quantitative serum test for falcon serum 
amyloid A has been developed.” 

In Falconiformes, gout has recently been associated with Clos- 
tridium perfringens infection.°' Articular gout in raptors is rare. Allo- 
purinol treatment is controversial and has been reported to actually 
cause hyperuricemia.” Successful treatment of a red-tailed hawk 
with acute obstructive uric acid nephropathy has been documented 
with IV and subcutaneous (SC) saline and furosemide.” 

A syndrome of bilateral paralysis of the legs with clenched digits 
is sometimes seen in raptors, especially goshawks. Some cases 
respond to B-vitamin complex injections, but postmortem examina- 
tion of affected goshawks has revealed no specific lesions.'” 

Impaction of the crop may occur with casting material or indi- 
gestible, oversized items.” Crop rupture or ingluviotomy must be 
repaired in two layers, the crop being sutured separately from the 
skin.” Impaction of the ventriculus and intestinal tract of falcons 
with sand has been reported.°' Motion sickness has been reported 
in birds of prey, so they should not be transported with food in their 
upper alimentary tract..” Trash ingestion was the most important 
mortality factor in nestling California condors in the reintroduction 
program from 1992 to 2009.” 

Sinusitis is usually caused by mechanical obstruction vvith dust 
and sand in captive Falconiformes species.°' It should be treated with 
nasal flushing with saline and antibiotics.” Rhinoliths are typically 
related to bacterial, mycoplasmal, fungal, or viral infection.” 

Atherosclerosis may be a cause of sudden death in overfed aviary 
birds." Right-sided congestive heart failure with cardiomyopathy has 
been reported in a captive red-tailed hawk.” 


A condition resembling “stroke” is recognized in raptors, particu- 
larly old birds, when the birds suddenly collapse and show weakness 
and incoordination. They usually recover within a few hours but may 
remain partly paralyzed or become comatose and die acutely. 2 

Avian vacuolar myelinopathy, first recognized in 1994, is a neu- 
rologic disease affecting bald eagles, American coots (Fulica ameri- 
cana), and other birds in the southeastern United States. The disease 
is seasonal and appears to involve cyanobacteria in the order Stigo- 
nematales.”’ Birds of prey acquire the disease via ingestion of tissues 
from affected coots. 7 


REPRODUCTION 


Reproductive biologic data of some common raptors species have 
been published.” Male birds are generally sexually mature 1 to 2 
years before female birds.” 

In most species, female birds are approximately 30% heavier than 
males, but a considerable overlap exists between the sexes in some 
species. Vultures are conventionally dimorphic.” Endoscopic visu- 
alization of the gonads is used to determine the gender of raptors. 
Determination of gender may also be achieved by using the molecu- 
lar method.” A noninvasive intracloacal ultrasonography protocol 
has been described for sexing in birds of prey.” 

Because of the demands for conservation and to provide birds for 
falconry, many species of raptors have been bred successfully in 
captivity.’ Incubators are usually kept between 36.75 to 37.75° C 
with a relative humidity of 40% to 4596.” Incubation requirements 
for some commonly reared Falconiformes species have been 
described.”” Young are altricial.” 

Artificial insemination is used in some centers. Breeding activity 
is mainly stimulated, in temperate regions, by a decreasing day 
length prior to an increasing day length. Semen samples may be 
obtained by massage techniques. Handlers may train sexually 
imprinted males to copulate.” Sperm concentration of some falcons 
is low compared with that of domestic birds.'* 

Fatal malposition in the egg, yolk sac infection, and bacterial 
enteritis caused by Salmonella and Campylobacter have been observed 
in California condor chicks in breeding programs. ” 

Splay legs occur when the young bird attempts to stand but its 
leg muscles are not strong enough. Placing with other chicks to 
encourage huddling may prevent this condition.” Bilateral valgus 
deformity of the distal wings (angel wings) was reported in a 4-week- 
old northern goshawk. The condition resolved with bandage and 
physical therapy.” Cannibalism is well recognized among the nest- 
lings of free-living birds, particularly larger species such as eagles, 
and it may also occur in captivity. 

When a young raptor has been reared by hand, it grows up think- 
ing it is human (imprinting). It will scream for food at the human 
and present itself as a mate to the handler. To avoid this phenome- 
non, chicks should be reared with others or fed with gloved or 
puppet hand and prevented from seeing the handler. In species of a 
nervous disposition such as sparrow hawks, the period of sensitivity 
to imprinting decreases rapidly at around 18 days of age. In other 
species, this period of sensitivity declines more gradually up to 16 
weeks of age.” 

As in other avian species, egg binding may be associated with low 
dietary calcium or vitamin Ds, physical or psychological trauma, or 
other diseases. Treatment consists of administration of oxytocin, 
calcium gluconate, or calcium borogluconate. Dinoprost may be 
applied directly onto the cloacal mucosa." Oviductitis and egg peri- 
tonitis are usually associated with gram-negative bacteria. ” 
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Galliformes 


Teresa Y. Morishita 


Galliformes species are characterized as birds that are medium to 
large bodied, have rounded wings, have a well-developed keel bone, 
and have strong legs with four digits that are designed for their ter- 
restrial life.'’ Galliformes are one of the first bird orders to be associ- 
ated with humans and among the first domesticated.'’ They remain 
diverse with regard to their domestication, ranging from the common 
barnyard poultry species to the more exotic species found in zoologic 
settings and captive breeding programs. In a zoologic setting, aviary 
collections may include the more exotic members of Galliformes, 
whereas places such as children’s zoos may have the common domes- 
ticated chicken and turkeys. The more exotic Galliformes species are 
usually housed as breeding pairs, and collections of domesticated 
Galliformes species are housed in small flocks. It is important to 
consider disease transmission between domesticated species of Gal- 
liformes and that of the exotic Galliformes collection. Although 
diseases and their treatment and control are often extrapolated from 
those diseases well described in domestic Galliformes species,’ exotic 
ones seem to be fairly hardy under captive conditions. 

Within Galliformes, relatedness among the various species has 

been debated. Relatedness has been based on deoxyribonucleic acid 
(DNA), and more recent phylogenetic trees have been based on 
mitochondrial DNA.”” The major divisions of the Galliformes are 
found in Box 18-1. For a complete listing of genus and species 
worldwide, including natural histories, comprehensive pictorial 
atlases are readily available." 
The majority of exotic Galliformes species housed in zoologic 
parks are the guans, chalacas, currasows, pheasants, peafowl, and 
guinea fowl. In some captive conditions, guinea fowl are considered 
the “watch dogs” of Galliformes and have been used for rodent 
control and alerting other species to impending danger with their 
shrill calls.'° In some zoologic settings, guinea fowl are usually kept 
in mixed exhibits. Peafowls are often allowed free roam access in 
zoologic settings, and this may present problems if they have contact 
with both the exotic and domestic species of Galliformes kept on 
site. The same concern applies to free-roaming jungle fowl. 


CLINICAL SIGNIFICANCE OF UNIQUE 
ANATOMY AND PHYSIOLOGY 


Some Galliformes species have portions of their integumentary 
system that are unfeathered, including areas of the head. The most 
extreme elaborate unfeathered areas are found in turkeys, with their 
bare heads, ornamental caruncles, and the snood, a fleshy skin 
appendage found near the upper beak between the eyes.” For Gal- 
liformes, unfeathered areas of the head may be prone to frost bite in 
environments with extreme winter conditions.” 

Since the Galliformes species are terrestrial birds, their adaption 
to ground dwelling has been cryptically colored feathers in brown, 
black, and gray.'’ Some Phasianidae, especially the males, are brightly 
colored in red, yellow, and silver feathered patterns.'** The peacock, 
a member of the Phasianidae family, has elongated uppertail coverts 
with the characteristic eyespots that are used in mating displays.'’ 
Most young of the Galliformes species are covered in down when 
they hatch; however, members of the Megapodiidae family are fully 
feathered and capable of flight when they emerge from their mound 
nests.'’ Although many of the male of the Galliformes species are 
brightly colored compared with the more drab-colored females, both 
males and females of guinea fowl are similar in appearance, having 


the same plumage, markings, and colorations that make visual sexing 
guinea fowl difficult.” Guinea fowl also have a unique characteristic 
of having tiny white dots over their entire plumage.'” 

The beaks of the Galliformes species are short, stout, and gener- 
ally conical in shape, with an arched culmen and with the tip of the 
maxilla slightly overlapping the mandible.'’ The beak is used to pick 
up grains and small insects and does not have the crushing power 
as seen in other seed eaters.'’ In a captive setting, beaks will not 
overgrow and need not be trimmed unless malocclusion exists.” The 
main injury that has been associated with the beak is related to wire 
gauge size of the housing. If too large a gauge size is used and the 
birds beak may fit through the cage wiring, traumatic damage to the 
beak may occur if the bird becomes spooked and jerks its beak 
backward.” Lacerations of the beak may be prevented with appropri- 
ate cage gauge size.” 

Galliformes species have digits that are arranged in the anisodac- 
tyl position with three digits facing forward and one digit, often 
referred to as the hind toe, facing backward.'’ The hind toe is often 
reduced in size. In some species within Galliformes, differences exist. 
In Phasianidae and Numidadae, the hind toe is elevated and not in 
contact with the ground.'’ However, in the Megapodiidae and Cra- 
cidae families, the hind toe is on the same level as the ground.'’ 
Some members of the Phasianidae have spurs on the tarsus; and 
some members such as the grouse have feathered tarsi and digits.'” 
The spurs do not need to be medically managed but may cause 
injuries for zoo staff when the bird is captured, handled, or both. If 
spurs are to be removed, caution should be exercised during surgical 
removal.” 

All members of the order Galliformes are known as granivorous 
birds and have a well-developed muscular ventriculus (gizzard) 
because of the striated muscle layers.” In addition, Galliformes 
species have well-developed ceca.”1” Although domesticated Galli- 
formes species have been provided grit in their diets, it is not 
required for digestion.” Under natural exhibit conditions, exotic 
species may have small stones in their gizzards and observed as 
incidental findings during necropsy.”” In addition, it should be noted 
that Galliformes species are curious, and if exposed to environmental 
conditions they are not accustomed to, they may ingest excessive 
grass, flooring substrates, and even feathers to form an impaction 
(blockage) inthe gizzard that needs to be surgically removed.” 
This may be prevented by obtaining a history on the previous 
housing conditions provided to the birds. 


Radiographic Anatomy Considerations 


The general body-shape of Galliformes is rounded and the visceral 
organs are compact. Hence, it may be difficult to visualize individual 
visceral organs such as the heart, liver, and ventriculus.” The manus 
is shorter than or about the same length as the antebrachium or the 
brachium.” Radiographically, a sesamoid bone is seen proximal to 
the carpus, located within the tendon of the tensor propatagialis 
muscle.° Since the legs of Galliformes were developed for a terres- 
trial life style, the femur, tibiotarsus, and tarsometatarsus are all rela- 
tively long.” In some birds, the length of the femur may be two 
thirds the length of the tibiotarsus.”” 


Behavioral Aspects 


Galliformes species have ritualized feeding habits that are incorpo- 
rated in their courtship behavior and are especially noted in quails, 
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BOX 18-1 Bird Families within the Galliformes 


Order 


Family Examples of Species 

Phasianidae* Chickens, grouse, partridge, pheasant, quail, 
turkey 

Odontophoridae New World quail 

Numididae Guineafovvl 

Cracidae Chachalaca, guan, curassovv 


Megapodiidae Brush-turkey, mallee fowl 


*The family Phasianidae has often been subdivided into the families 
Meleagrididas and Tetraonidae as its own families. 

From del Hoyo J, Elliott A, Sargatal J, eds: Handbook of birds of the world, 
Vol 2, New World Vultures to Guineafowl, Barcelona, Spain, 1994, Lynx 
Edicions, pp 277-567. 


pheasants, and peacocks.'”'’ These ritualized feeding behaviors dis- 
played in courtship behavior is often referred to as tidbitting and 
involves the male bowing in front of the female with wings and tail 
outstretched to varying degrees, and beak pointing to the ground.'’ 
Guinea fowl are rather aggressive and may chase other Galliformes 
and bird species away, so care must be used if they are placed in 
mixed species avian exhibits. ” 


HUSBANDRY 


Husbandry and management requirements for Galliformes depend 
on the species and numbers. In general, a pair of pheasants would 
need a minimum of 200 square feet with tragopans needing closer 
to 400 square feet; for a basic enclosure.” For smaller Galliformes, 
100 to 150 square feet may be adequate.”” One of the most important 
considerations in facility design is to predator-proof the enclosures 
and to determine the size of the netting’ gauge and type.”””” If wire 
netting is used, it is necessary to extend the netting at least 12 inches 
into the ground to prevent predators from digging through and 
gaining access into the exhibit areas.”””” With regard to the netting 
gauge, a determination needs to be made if the exhibit is primarily 
designed to keep the Galliformes species in the enclosure or if the 
primary purpose is to prevent small birds such as house sparrows 
from entering the enclosures and having contact with the Galliformes 
species. With recent concerns of diseases such as avian influenza 
among free-living birds and Galliformes, prevention of pest avian 
contact is of utmost importance. However, in geographic regions 
with heavy snow, the concern with exhibit collapse exists if snow is 
not removed and allowed to accumulate on small-gauge wiring.” In 
addition, the smaller gauges will also hinder the publics clear view 
of the birds on exhibit. In terms of design, a long aviary with narrow 
frontage is preferred, as it would provide enough space for the birds 
to retreat to the back of the exhibit if they need to feel safe.””” An 
aviary with shallow depth and long frontage will provide better 
viewing but would not allow a retreat area for the birds.” With 
multiple adjacent aviaries housing Galliformes, it has been recom- 
mended to have a solid partition that is 18 to 24 inches in height to 
prevent aggression or to have small-gauge netting to prevent contact 
between adjacent exhibits.””” Exotic Galliformes species such as 
pheasants may be highly aggressive and, if crowded, may display 
intraspecies aggression and incur skin wounds that could result in 
gangrenous dermatis.” 

Perches should be placed in a sheltered area. Consideration 
should be given for birds that have long tail feathers. For these birds, 
perches should not be located close to exhibit walls and caging, as 
this could damage or break the feathers as the birds turn on their 
perches.*° 

Housing requirements are simple. Some species are fairly hardy, 
and all that is required is a simple A-frame structure.*°??**??® Those 
species from neotropical and tropical environments may need 


supplemental heat during inclement weather. For such species, 
indoor housing with supplemental heat may be needed, depending 
on environmental conditions. 

Since Galliformes tend to reside in flocks, single bird exhibits 
should be avoided. A breeding pair for exotic Galliformes is ideal. A 
single guinea fowl will tend to vocalize more than normally as they 
prefer to be in flocks, with a minimum of three birds. ” In the case 
of domestic species such as chickens in the children’s zoo or farm 
sections, the birds should be kept in all-hen groups. If roosters are 
o be included in the group, at least two males should be placed in 
a flock, with six to seven females per male.””” Caution should be 
used in dealing with single-rooster flocks, as these roosters tend to 
be more aggressive to both keepers and visitors.” Having two 
roosters in the flock will allow the roosters to establish a pecking 
order.” 


BIOSECURITY AND QUARANTINE 


It is of utmost importance to perform the necessary tests to fully 
evaluate the health and exposure of newly acquired exotic Gallifor- 
mes during the quarantine period.'*”” The quarantine period may 
start from a minimum of 2 weeks for commercial and backyard 
poultry species”; this period is insufficient for exotic Galliformes. 
For exotic Galliformes, or for domestic Galliformes destined for a 
children’s zoo, a minimum of 45 to 60 days would be more appropri- 
ate. The reason for this recommended time is the 2-week incubation 
time of most documented diseases in domestic Galliformes, and the 
time needed for diagnostic test result reporting also needs to be taken 
into account.” Although domestic poultry have a 2-week to 30-day 
quarantine period, their prior history is documented, and thus their 
disease exposure history may already be known.” In addition, if 
disease does occur, domestic Galliformes housing areas are more 
easily cleaned and disinfected. However, one of the challenges in 
housing exotic Galliformes in public displays that recreate their 
natural settings for enrichment is that they are extremely difficult to 
thoroughly clean and disinfect once a disease has been estab- 
lished. "27 This is why a complete disease assessment needs to be 
performed during the quarantine period. Moreover, for collections 
involving areas of public display, major renovations to the environ- 
ment may be limited for disease control purposes. For example, 
roundworms may survive in the soil for at least 7 years, and in heavy 
nematode infestations in Galliformes, it is recommended to turn over 
the top 3 to 5 inches of soil to reduce exposure of the birds to infec- 
tive ova and to top-dress (place new floor substrate) the top of the 
flooring to reduce exposure of birds to infected ova.” ”””” However, 
this would be impractical for areas of public display. Hence, the 
quarantine period is very important to determine the presence of 
diseases in new acquisitions to prevent and minimize the contamina- 
tion of the aviary environment. 

On arrival, shipping containers should be examined and feces 
present collected so that the first round of fecal examination may be 
performed to evaluate for the presence of endoparasites. This should 
be repeated at 2-week intervals for at least three successive collec- 
ions to ensure the detection of endoparasites. False-negative test 
results may occur if the birds were in an early stage of infection, so 
serial testing is necessary. Table 18-1 lists the recommended tests 
that should be performed in the quarantine period and the 
rationale. 

A physical examination and additional testing, including fecal 
examination (for internal parasites), serologic monitoring, and hema- 
tologic and biochemical monitoring, are highly recommended.” 
The time needed in the quarantine period is well worth the preven- 
tion of seeding the exhibit area with infectious agents and 
parasites.” 


Nutrition and Feeding 


Although specific diets may be created for each species, it is often 
difficult to find nutritionists and feed mills, and the feed may be cost 
prohibitive. The nutritional diets of pheasants most closely align with 
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TABLE 18-1 


Procedure/Test Rationale Ideal 


Physical examination Examine the birds for external parasites, especially Some species may be fractious to handling. Even 


lice and mites. Mites have a wide host range and 
live also in the environment. If detected while the 
birds are on exhibit, control may be difficult with 
restrictions on chemical exposure to species and 
environment. Early mite infections start near the 
vent and ventral abdomen region, so scrutinize 
these areas during physical examination. 


in the absence of parasite detection, treat with 
antiparasitic agent, and repeat in 2 weeks 
because of generalized 2-week life cycles of 
external parasites. For exotic Galliformes, have 
at minimum three successive 2-week 
treatment plan. 


Serologic testing 


Collect serum to determine exposure to Mycoplasma, 
a bacterium that may be spread via vertical and 
horizontal transmission and may impact captive 
breeding programs. If detected, clearing breeders 
of the infection may be attempted as described for 
commercial poultry. Although this disease may 
cause minimal clinical impact as a sole disease, it 
may impact the severity of other respiratory 
diseases. Other serologic tests to perform include 
those for Newcastle disease and avian influenza 
exposure. 


Test all birds on arrival. Allow at least 2 weeks 
for testing results to be completed. Establish 
collaborative relationship with state diagnostic 
laboratories that may perform such tests, as 
they are commonly used in the commercial 
poultry industry. Some states monitor for 
diseases within the state, so costs may be 
minimal. Collect serum 3 weeks after initial 
blood collection to detect early infections that 
may not have been previously detected, as 
antibody levels did not raise to detectable 
levels. 


Hematologic and 
biochemical values 


Parasite fecal examination 


When collecting blood, also make blood smears to 


evaluate for blood parasite presence. 


Minimal cost necessitates the need to perform such 
tests. Some infective ova of nematodes may 
survive in the soil for prolonged periods, so it is 
best to detect such infections before the exhibition 
area becomes “seeded” with parasites, which 
would necessitate lifelong treatment of the 


Because of the existence of a variety of exotic 
Galliformes species for which established 
values have not been determined, it would be 
helpful to collect “baseline” levels in birds 
whenever the opportunity arises. Since exotic 
Galliformes species are not usually handled 
once on exhibit, the quarantine period is a good 
opportunity to get species-specific data. 

Treat for nematodes, cestodes, and trematodes 
on arrival of the birds and 2 weeks thereafter 
to ensure detection of developing stages. For 
exotic species, have a minimum three 
successive, 2-week treatment plan. Check 
feces before releasing the birds into the exhibit 


collection. 


area. 


those of domesticated turkeys, and feeds produced for turkeys 
provide almost all the basic requirements of most pheasant species.” 
Starter diets for chicks usually contain 28% to 30% protein.” Diets 
for growing birds contain 20% to 24% protein, whereas protein 
evels needed for maintenance range from 13% to 15%.”° If breeding 
of pheasants is required, a 17% to 20% protein level is recom- 
mended. Guinea fowl starter diets should contain 24% protein for 
the first 4 weeks and 22% between 4 and 8 weeks of age.” Guinea 
fowl may then be maintained at 18% protein. ” 

Besides a balanced diet, fresh greens are also recommended.” 
Fresh grass clippings may be provided, but caution should be used 
to ensure that the birds do not gorge on grass as crop and gizzard 
impactions may occur.” More digestible green leafy lettuce, along 
with carrots and fruits such as apples, oranges, bananas, and grapes, 
is often popular. Mealworms as live insect food also provide enrich- 
ment and are recommended for captive birds.” Overexposure to new 
items may lead to curiosity and potential ingestion and impaction of 
indigestible materials. >° 

Since exotic Galliformes species are usually fed balanced rations, 
the occurrence o[ nutritional diseases is rare. Nutritional deficiencies 
may occur if feed storage conditions are inadequate. Food should be 
stored in a cool, dark, rodent-proof container, away from sun and 
moisture to avoid degradation of vitamins and mold development, 


respectively. Feed mixing errors that directly affect the birds or indi- 
rectly affect their offspring may occur.’ 

It is important that newly hatched young Galliformes be directed 
to water drinkers, and marbles must be placed in water troughs such 
that the water levels do not cover the marbles, as some young Gal- 
liformes, especially guinea fowl, have a tendency to explore the water 
and will often get their down wet. Having wet down will chill the 
young chick and may increase chick mortality.” 


RESTRAINT AND HANDLING 


In general, Galliformes species may be handled without chemical 
restraint. To restrain Galliformes, the bird should be grasped across 
the back to control its wings, since they may be easily broken if the 
bird flaps them to escape.” After gaining control of the bird, one 
hand should be quickly placed between the bird’s legs, with the legs 
controlled between the handler’ fingers. The legs should be grasped 
firmly but loosely and close to the body. The bird should then be 
gently flipped so that one side of its body is placed against a hard, 
nonmovable surface.” Once the bird feels secure, it will become 
calm. In the case of a fractious bird, it may be necessary to place a 
dark-colored cloth over its head to keep it calm.” 
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Although handler injuries are usually not serious, caution should 
be used when handling Galliformes species with tarsal spurs. ” 
Handler safety measures should include face and head protection 
during handling of birds that are nervous and unpredictable.” 

It is difficult to capture guinea fowl as they are fearful unless 
hey have experienced extensive handling as young chicks. Guinea 
owl should never be picked up by the wings as the feathers sur- 
rounding the wings are loosely attached and will result in their loss.” 
Unlike in other Galliformes, the legs of guinea fowl are extremely 
ragile and may be easily broken. To restrain a guinea fowl, one 
hand should be used to close the wings while pushing the bird’s body 
o the ground. At the same time, the other hand should be placed 
over the closed wing to pick the guinea fowl straight up. The key is 
o prevent the bird from flapping its wings and constantly kicking 
its legs. ” 
In a zoologic setting, it may be difficult to monitor the health of 
Galliformes species that are allowed free-roaming status, including 
peafowl, jungle fowl, and guinea fowl. Hence, accessing health status 
of these birds and other birds in the collection is necessary before 
hey are allowed free-roam access. 


SURGERY AND ANESTHESIA 
Flight Restriction 


While exotic species of Galliformes tend to be terrestrial species, they 
are capable of flight for short distances. Most captive Galliformes are 
housed in aviary situations where escape opportunities are limited 
and measures for flight control and restriction are unnecessary. 
However, flight restriction may be needed for those species that may 
have free access to the grounds. The most common species allowed 
free-roam access include jungle fowl, peafowl, and guinea fowl. The 
least invasive flight control method is wing clipping, but it is only a 
temporary measure. See Chapter 65 for more information on avian 
deflighting techniques. 


Spur Management 


In some Galliformes species such as pheasants, peafowl, and jungle 
fowl, a pointed spur (calcar) projects caudomedially from the medial 
surface of the tarsometatarsus. The spur is composed of the bony 
calcarial process that is ankylosed to the tarsusmetatarsus and 
covered by a sharp pointed horny covering.””” Removal of the 
spur, if deemed necessary, should be considered a surgical proce- 
dure. Spurs should never be removed with guillotine-type nail 
clippers. 


DIAGNOSTICS 


For the diagnosis of diseases in captive exotic Galliformes species, 
some of the well-developed tests used in the commercial poultry 
industry may be adapted. 


Serologic Monitoring 


Serologic monitoring is one of the most important tools for determin- 
ing disease exposure, chronicity of disease, effectiveness of vaccina- 
tion programs, and disease epidemiology.**”’”’ To minimize stress in 
captive species, every instance that calls for the capture of the birds 
should be used for collection of blood also if such procedures do 
not stress the birds too much. This will allow for the monitoring of 
disease and for the banking of serum for disease monitoring or for 
future disease investigation. ””””” Blood collection from Galliformes 
is fairly simple, and three main sites may be used: the right jugular 
vein along the neck, the wing (brachial) vein, and the leg (tarsal) 
vein! Depending on the size of the bird, each approach has its 
advantages. In smaller birds such as quails or in young chicks, the 
jugular vein is the preferred site. The wing vein is most often pre- 
ferred for adult birds. No more than 1% of a bird’s body weight 
should be collected (i.e., 1 mL/100 gm), and in general, for the 
total volume blood collected, a yield of 50% serum may be 
harvested 2! 1! 


Hematologic and Biochemical Evaluation 


Collection of blood to establish hematologic and biochemical values 
is important to assess the health of individual birds. It is recom- 
mended that a baseline value be established first for each individual 
species at the time of quarantine because it may be assumed that the 
bird would be healthy at that point in time. Tables 18-2 and 18-3 
provide hematologic and biochemical values for selected exotic Gal- 
liformes species as previously reported. 1016152565, 


Fecal Examination 


Fecal flotation and sedimentation examinations are olten considered 
first in fecal diagnostics; however, for Galliformes species, it is also 
important to evaluate the physical condition of feces. Galliformes 
have formed feces, composed of the fecal portion, which is dark 
green to brown in color, and a white uric acid portion, often referred 
to as the white cap, from the urinary system.” The color and con- 
sistency of the feces and the urate portion may provide some clues 
to the birds health.” In the case of Galliformes with a well-developed 
cecum, it is important to recognize the two physical forms of feces. 
As mentioned above, the normal droppings of Galliformes contain 
the fecal portion as well as a white urate portion. Birds on commer- 
cial diets have more well-formed feces.” The color of the fecal 
portion may indicate abnormalities. Normal coloration may range 
from brown to green and depends on the birds diet. Red coloration 
may indicate hemorrhage within the intestines if it is incorporated 
within the fecal material, and this should be distinguished from red 
coloration on the surface, which would indicate blood from the 
cloaca, from the reproductive tract, or both.” Other colors that 
may be observed include bright green, indicating lead poisoning, 
which is, however, rare in exotic Galliformes species unless they have 
been exposed to lead-based paints under captive conditions.” Yel- 
lowish colored feces, often referred to as sulfur color droppings, are 
characteristic findings in birds with histomoniasis.”” Watery diar- 
thea may indicate potential viral infections or parasitic infections 
such as coccidia, and it is often accompanied by blood in more severe 
infections. ””” The presence of tapeworm segments may also be visu- 
ally apparent in birds that are heavily infested. 

The second type of normal feces observed in Galliformes is the 
cecal dropping. These droppings occur usually at night, are dark 
brown to black in color, are loose and tenacious in consistency, and 
represent the contents of the cecum. It is important to recognize 
that sporadic cecal droppings are normal.” However, an increased 
number of cecal droppings may indicate stress.” 

Diagnostic tests for parasites are the same as those used to diag- 
nose parasites in other animal species. In exotic Galliformes, it is not 
sufficient to perform only a simple flotation examination, as exotic 
species may have parasites such as flukes and tapeworms that will 
be missed if only flotation exams are performed. 


Radiography 

Radiography has been frequently used in Galliformes to estimate 
obesity, organ enlargement, impaction and the presence of foreign 
bodies within the digestive system, crop distension, respiratory tract 
infections, and impacted oviducts. "° 


DISEASES 


Numerous species of exotic Galliformes exist, and many diseases in 
hese species have not been well documented or reported. To identify 
potential diseases that may occur within a collection, it is always 
important to remember family relationships. In general, many of the 
exotic Galliformes species housed in captivity, for example, peafowl, 
pheasants, and guinea fowl, are more closely related to the domestic 
urkey, and thus their susceptibility to diseases is more commonly 
related to the diseases reported in domestic turkeys.”””” Knowing 
these phylogenetic relationships among Galliformes is important, 
and a classic example is histomoniasis. Chickens may serve as inap- 
parent carriers of the parasite Histomonas meleagridis and may 
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TABLE 18-2 
Ring- 
Domestic Domestic Wild Necked Guinea Wattled 
Chicken Turkey Turkey Pheasant Fowl Peafowl Bobwhite Quail Chacalaca Curassow 
Family Phasiandae Phasiandae Phasiandae Phasiandae Numididae Phasiandae Odontophonidie Cracidoe Cracidoe 
Parameter 
Red blood 2.2-3.3 2.3-2.8 2.2-3.6 1.7-2.8 2.1 3.4-5.4 2.7 3.23 + 0.35 
cell (cells x 
105/mL) 
Packed cell 24-43 36-41 31-42 28-42 39-48 33-41 38 35-45 42 + 4.4 
volume 
(%) 
Hemoglobin 8.9-13.5 10.3-15.2 8.0-18.9 11.4-14.9 12.0 11.6-15.8 15.2 + 2.0 
(g/dL) 
MCV (fL) 120-137 129 104-150 131.9 + 13.1 
MCH (pg) 47.4 + 5.3 
MCHC (g/dL) 36.0 + 3.8 
White blood 19.8-32.6 235-268 10.3-46.5 15.5 20.9 + 14.3 
cell (cells x 
103/mL) 
Heterophils 19.8-32.6 43.4 39.1-59.4 48.0 43.5 25 
(96) 
Lymphocytes 54.0-75.0 50.6 40.7-73.7 34.0 36.2 60 
(%) 
Eosinophils 1.5-2.7 0.9 1.0 74 2 
(%) 
Monocytes 8.1-16.5 1.9 0-8.5 8.0 8.4 8 
(%) 
Basophils 1.7-4.3 sə 0-4.7 10.0 4.5 4.8 
(96) 


| I I —.—————-————— ——— ————— ————..—— — o—————————— ———————————— 
From references 1,4,16,18,25,68,69; as summarized by Drew (13) with modifications. 
fl, Femtoliter; g/dL, gram per deciliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular 


volume; mL, milliliter; pg, picogram. 


transmit this disease to turkeys and closely related Galliformes 
species such as peafowl and pheasants. For this reason, collections 
that allow jungle fowl to roam free may pose a risk to exotic pheasant 
collections. 

Box 18-2 features the Disease Risk Awareness Questionnaire 
(DRAQ), which allows facilities to assess the high risk of disease for 
an exotic Galliformes collection, depending on the type of exhibits. 
If disease does occur, it is important to have an accurate diagnosis 
so that an effective cleaning and disinfection program may be estab- 
lished on the basis of the causative agent identified. Various disin- 
fectants may then be used as in domestic Galliformes. Although 
vaccination has been used in domestic Galliformes,” its use in exotic 
Galliformes is limited. 


Disease Management 


A variety of diseases have been documented in domestic Galliformes 
species such as chickens and turkeys and game birds such as pheas- 
ants and quail, 7379097 and data on many of the diseases seen in 
these species may be extrapolated to exotic Galliformes species. 
The prevalence of disease depends on the exposure and potential 
risk factors of the collection. Infectious diseases tend to be more 
common under intensive commercial poultry production; however, 
exotic and free-living species are relatively free of infectious diseases 
unless exposed. In most Galliformes species housed in zoologic col- 
lections, noninfectious diseases and parasitic diseases appear to be 
of greater importance. The diagnosis of parasitic diseases is fairly 


simple with the use of standard parasitologic techniques, and treat- 
ment of such diseases is fairly simple with drug classes effective 
against specific parasites. It is highly recommended that veterinarians 
overseeing such collections of exotic Galliformes and pathologists 
performing necropsies on such species collect parasites to facilitate 
the expansion and documentation of parasite species in exotic 
Galliformes.” 

A multitude of diseases in domestic Galliformes has been docu- 
mented. For all practical purposes, the most important diseases that 
may be of concern in exotic Galliformes, as related to risk factors 
and captivity purpose, are presented in Tables 18-4, 18-5, and 18-6. 
The diseases discussed below are in terms of special consideration 
for exotic Galliformes collections. Further information on diseases 
may be acquired from more detailed reports on poultry 
diseases 2722137 4350545564 


Viral Diseases 


Avian encephalomyelitis is a viral disease that has been reported in 
coturnix quail and pheasant chicks and is characterized by tremors 
and incoordination of the head, neck, and limbs.°* The disease is 
spread from infected hens to chicks, so knowing the source of the 
birds is necessary if hatching eggs are obtained for aviary or captive 
breeding collections. No effective treatment exists, so knowing the 
disease status of parental sources and ensuring that hatching eggs 
are from immune parental sources are of utmost importance. This 
disease is more of concern for captive breeding programs. 
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TABLE 18-3 
Ring- 
Domestic Domestic Wild Necked Guinea Bobwhite Wattled 
Chicken Turkey Turkey Pheasant Fowl Peafowl Quail Chacalaca (urassovv 
Family Phasiandae Phasiandae Phasiandae Phasiandae Numididae Phasiandae Odontophonidie Cracidoe Cracidoe 
Parameter 
Total protein 3.3-5.5 4.9-7.6 3.6-5.5 6.9 3.5-4.4 4.0 + 0.7 
(g/dL) 
Albumin (g/ 1.3-2.8 3.0-5.9 1.1-2.1 5.2 
dL) 
Globulin (g/ 1.5-4.1 1.7-1.9 1.7 
dL) 
Calcium 13.2-23.7 11.7-38.7 11.4-14.6 14.1-15.4 11.841.2 
(mg/dL) 
Phosphorus 6.2-7.9 5.4—7.1 
(mg/dL) 
Sodium 131-171 149-155 164-172 149-157 154-162 158-164 1614+5 
(mEq/L) 
Potassium 3.0-7.3 6.0-6.4 4341.5 
(mEq/L) 
Chloride 
(mEq/L) 
Creatinine 0.9-1.8 0.8-0.9 0.34+0.1 
(mg/dL) 
Uric acid 2.5-8.1 3.4-5.2 3-17 2.3-3.7 2.9-5.1 1.8-3.7 3.7-7.9 10.0 + 3.6 
(mg/dL) 
Glucose 227-300 275-425 215-500 335-397 273-357 235-345 309+47 
(mg/dL) 
ALT (IU/L) 344+ 13.6 
AST (IU/L) 255-499 144+6. 
GGT (IU/L) 
LDH (IU/L) 420-1338 
Bilirubin 0.3+0.1 
(mg/dL) 


From references 1,4,16,18,25,68,69; as summarized by Drew (13) with modifications. 
ALT, Alanine aminotransferase; AST, aspartate aminotransferase; g/dL, gram per deciliter; GGT, gamma-glutamyl transpeptidase; /U/L, international unit 
per liter; LDH, lactate dehydrogenase; mEq/L, milliequivalent per liter; mg/dL, milligram per deciliter. 


Galliformes species are susceptible to avian influenza virus. In 
captive settings, exposure is primarily from infected free-living birds, 
especially free-living waterfowl that have access to zoologic collec- 
tions or from new avian acquisition from countries that have a high 
prevalence of avian influenza. Peafowl are less susceptible than other 
Galliformes species, but all Galliformes are considered susceptible.” 
Exposure to free-living birds places birds at a higher risk of a disease 
outbreak. 

Quail bronchitis has been reported in bobwhite quails.” Affected 
birds have respiratory distress and catarrhal tracheitis. In addition, 
some birds may have watery diarrhea. Chickens may be inapparent 
carriers of the disease, so a higher risk exists in facilities with chil- 
dren's zoo or barnyard exhibits and free-roaming jungle fowl on 
premises. Birds may be treated for secondary bacterial infection.” 

Disease caused by avian pox virus has been reported in Gallifor- 
mes species. It has been well documented in domestic chickens and 
turkeys, and quail have also been reported to be affected.“ The dry 
form of the disease involves scabbing on the unfeathered portions of 
the birds body, usually involving the head and feet. Lower rate of 
mortality is associated with the dry form. However, the wet form 
causes plaques within the oropharynx of birds, and occlusion of the 


trachea and oropharynx may interfere with eating and breathing. The 
wet form of avian pox is associated with higher mortality. Prevention 
of this disease is achieved by vaccination and effective mosquito 
control programs. t: 

Pheasants, chukars, and guinea fowl are susceptible to rotavi- 
ruses, and clinical signs of affected birds include diarrhea and stunt- 
ing.” Necropsy of affected birds reveal increased fluid and gas within 
the intestines. Electron microscopy and immunofluorescence stain- 
ing have been used to diagnose infections.”” A higher risk of this 
disease exists in facilities with children’s zoo or barnyard exhibits 
and free-roaming jungle fowl on the premises, as domestic chickens 
and turkeys may serve as sources of infection. 

Equine encephalitis is an acute disease that may affect pheasants 
and chukars. Affected pheasants have leg paralysis, torticolis, and 
tremors.*”** No gross lesions are seen on necropsy. A commercially 
available vaccine may be used to protect valuable species, but its 
efficacy has not been explored in more exotic species.°* Mosquito 
control is necessary. It is important to be informed about this disease 
if it has been reported in the vicinity of the zoologic park or captive 
breeding facility so that appropriate control strategies may be 
developed. 
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BOX 18-2 Disease Risk Awareness Questionnaire (DRAQ) for Captive Exotic Galliforme 


1. Do you have a barnyard facility that houses common domestic 
Galliformes such as chickens and turkeys and an aviary housing 
exotic Galliformes? 

a. Yes: Caution should be used because of the disease transmis- 

sion potential between domestic Galliformes and exotic 
Galliformes. 
Recommendation: Have separate caretakers for these sec- 
tions to prevent cross-transmission. Obtain health history and 
vaccination history of the domestic Galliformes, as they will 
be the likely source of infectious diseases to the exotic 
Galliformes. 

b. No: If only one of these types of Galliformes is present, less 
concer exists with disease transmission between these 
two groups. Proceed with routine avian health management 
programs. 

2. Do you have free-roaming Galliformes such as jungle fowl, 
peafowl, and guinea fowl on grounds? 

a. Yes: These free-roaming birds may serve to transmit diseases 
between domestic and exotic Galliformes, depending on the 
diseases present in the domestic and exotic Galliformes 
population. 

Recommendation: Depending on the species status 
(endangered, threatened, etc.) of the captive exotic Gallifor- 
mes, it may be recommended to remove free-roaming species 
from the grounds or minimize access between the domestic 
and exotic Galliformes groups. 

b. No: If you have both domestic and exotic Galliformes on site, 
ensure that no contact exists between groups by minimizing 
zookeeper duties between these two groups. 

3. For the housing of exotic Galliformes, do you have barriers 
between the separate species? 

a. Yes: This will provide some protection of cross-transmission 
for respiratory diseases, but do not have false sense of secu- 
rity that this will entirely prevent diseases. 


b. No: İt would be important to determine the presence of 
respiratory diseases to prevent cross-transmission of disease 
and to know what species present a risk to others in the 
collection. 

Recommendation: Perform serologic tests to establish a 
baseline. 
4. Do free-living bird species such as passerines have the ability to 
contact exhibit birds? 

a. Yes: An increased surveillance should be made for diseases 

such as Newcastle disease, avian influenza, mycoplasmosis, 
salmonellosis, and chlamydiosis. 
Recommendation: Try to limit wild bird access to food 
and water to avoid contamination at these sites. For exotic 
Galliformes, caging diameter may help to prevent contact. 
For domestic Galliformes, feeding may occur indoors prior to 
release in an outdoor exhibit or when birds are being cooped 
in the evening. Also, contact state diagnostic laboratories to 
determine disease prevalence in the region. 

b. No: Less risk potential for diseases exists. 

5. Does a history of mosquito-borne infections exist in the 
environment? 

a. Yes: Ensure that mosquito control methods are in place. 
Recommendation: Use of mosquito fish in aquatic exhibits 
may prevent mosquito larvae development. Avoid having 
standing pools of water. It may be necessary to vaccinate 
exotic Galliformes for arthropod-bone diseases. Long-term 
solutions may require indoor housing for Phasanidae species, 
which are susceptible to such diseases as those caused by 
equine encephalitis virus and West Nile virus. 

b. No: Less risk potential for these diseases exists. 
Recommendation: Keep abreast of mosquito-borne diseases 
though periodic contact with state diagnostic laboratories and 
public health departments; local mosquito control divisions will 
have information on diseases in the region. 


TABLE 18-4 


Viral Diseases That Should Be Considered for Captive Exotic Galliformes Depending on Risk Factor and 


Captivity Purposes 


Risk Factor/Captivity Purpose 


Facility Design and 


Captive Breeding Mosquito Free-Living Free-Living High Prevalence in Close Contact with 
Viral Disease Facility Exposure Waterfowl Passerine County of Acquisition Other Galliformes 
Avian encephalomyelitis v 
Avian influenza v v 
Nevvcastle disease v V 
Quail bronchitis v 
Avian pox v v 
Rotavirus infection v 
Equine encephalitis v 
Laryngotracheitis v 
Marble spleen disease v 


Laryngotracheitis, also known as infectious laryngotracheitis, was 
once only reported in chickens, hovvever, pheasants and peafovvl 
have also been reported to be affected. This upper respiratory 
disease is transmitted via aerosols from infected birds or by ingestion. 
Since it is a herpesvirus, affected birds carry this disease for life and 
may manifest signs when under stress.” In its most severe form, it 


may cause open mouth breathing and emesis of blood in affected 
birds. It would be difficult to see blood on colored feathers, but it 
is most noticeable on light-colored plumage. Vaccination is not an 
option in exotic species, as the vaccine is a live modified virus and 
vaccinated birds will remain carriers for life. It is unknown how 
exotic Galliformes will react to the vaccine strains. This disease 
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TABLE 18-5 


Risk Factor/Captivity Purpose 


Facility Design and 


Captive Breeding Mosquito Free-Living Free-living High Prevalence in Close Contact with 
Bacterial Disease Facility Exposure Waterfowl Passerine County of Acquisition Other Galliformes 
Avian tuberculosis v v v 
Bordetellosis v 
Avian cholera v v v 
Infectious coryza v 
Mycoplasma gallisepticum v v v 
Necrotic enteritis v 
Ulcerative enteritis V 
Salmonellosis v v v 


TABLE 18-6 


Risk Factor/Captivity Purpose 


Captive Breeding 
Facility 


Mosquito 


Parasitic Disease Exposure 


Protozoan 


Free-Living 
VVaterfovvl 


Facility Design and 
Close Contact vvith 
Other Galliformes 


Free-Living 
Passerine 


High Prevalence in 
County of Acquisition 


Coccidiosis 


Cryptosporidiosis 


Histomoniasis 


Blood parasites v 


sS SISI IS 


Nematodes 


Intestinal worms 


Crop worms 


Proventricular worms 


Gizzard worms 


Cecal worms 


SIN S IS IS 


Eye worms 


Tracheal worms 
Heart worms v 


Subcutaneous/Connective 


Coelomic cavity tissue vvorm 


Cestodes 
Trematodes 


sSINSISN S S S 
sSINSA ISIS IS 


External Parasites 


Fleas 


Mites 


Lice 


Scaly-leg mite 


sS IS IS 


should be considered if free-roaming domestic chickens and jungle 
fowl are kept on site. 

Marble spleen disease has been reported in ring-necked pheas- 
ants.”” It is caused by an adenovirus. Affected birds have a swollen, 
marbled, colored spleen and a swollen liver. Affected pheasants may 
have pulmonary edema and die suddenly. A commercial vaccine is 


recommended for pheasants in aviary collections if this disease is 
prevalent in the area.” 
Bacterial Diseases 


Avian tuberculosis is caused by the bacterium Mycobacterium avium. 
In zoologic settings, avian tuberculosis has been reported in other 


bird species in aviary collections. Galliformes species are susceptible 
to infection by M. avium. Avian tuberculosis tends to be a chronic 
condition, and affected birds often do not demonstrate any clinical 
signs until death.” On physical examination, emaciation and a 
prominent keel bone are seen. Transmission is via ingestion of con- 
taminated feed, water, and exposure to contaminated feces from 
infected birds. Wild birds such as sparrows, starlings, and pigeons 
may disseminate the bacteria to exotic Galliformes. Necropsy often 
reveals granulomatous lesions in the intestines, liver, and spleen. 
Treatment is not recommended unless endangered species are 
affected.’ 

Bordetellosis has been reported primarily in turkeys, but quails 
and partridges have also been reported to be affected. It is caused 
by the bacterium Bordetella avium. Transmission is primarily through 
inhalation of infectious aerosols. Affected birds have catarrhal rhini- 
tis. Sanitation of water systems may help prevent future outbreaks.”””” 
This should not be a problem in zoologic settings unless domestic 
turkeys are present; transmission may be from contaminated cloth- 
ing and footwear, so caretakers of a children’s zoo should not be 
assigned care of exotic Galliformes collections. 

Avian cholera affects a wide range of avian species, including 
many Galliformes species. Sulfadimethoxine is the drug of choice. 
Sulfaquinoxaline and sulfamethazine have been very effective in 
treating affected birds. Rodent control is an effective measure to 
reduce the incidence of avian cholera, as this disease has been associ- 
ated with rodents for other zoo-housed aviary species" This 
disease should be considered if free-ranging passerine and waterfowl 
are present and if facilities house children’s zoo or barnyard exhibits 
with domestic chickens. Chickens may serve as reservoirs and not 
demonstrate any clinical signs. However, turkeys, peafowl, and 
pheasants are often affected with unilateral or bilateral infraorbital 
sinusitis. 

Infectious coryza is caused by the bacterium Hemophilus paragal- 
linarium. This is a disease primarily reported in chickens, but pheas- 
ant, guinea fowl, and turkeys have also been reported to have this 
disease.’ It should be noted that recovered birds may serve as 
carriers. Transmission is from infected aerosols from direct contact 
of infected birds or by ingestion of contaminated water and feed. 
This bacterium may also be transferred from contaminated clothing 
and fomites. Affected birds have upper respiratory infection, often 
with swelling of the infraorbital sinuses. ””” This disease should be 
considered if domestic chickens are housed on site with exotic Gal- 
liformes. Sulfa drugs, tetracycline, and erythromycin have been 
effective.” 

The general terminology of mycoplasmosis refers to disease 
caused by species belonging to the Mycoplasma genus of bacteria. 
This disease is transmitted via horizontal as well as vertical transmis- 
sion. Free-living passerines have been reported with Mycoplasma.’ In 
exotic Galliformes, vertical transmission may disseminate this disease 
among aviary and zoologic collections. Birds infected with Myco- 
plasma often do not display any clinical signs of disease. This bacte- 
rium does not cause any problems unless a concurrent respiratory 
infection exists, in which case clinical signs could become more 
severe. This organism has been reported in pheasants, partridges, 
pea fowl, guinea fowl, and quail.”” In some aviary collections of 
exotic peafowl, up to 100% of the birds may be infected, with initial 
clinical signs reported as bilateral or unilateral swollen infraorbital 
sinuses (Morishita, unpublished data). Treatment of affected birds 
has been effective with tylosin, erythromycin, baytril, lincomycin, 
and spectinomycin.™ Tylosin in water has been effective in bringing 
the infection under control.” All incoming exotic Galliformes species 
entering zoologic facilities and in captive breeding facilities during 
the quarantine period should be monitored for this disease through 
serologic examinations. 

Necrotic enteritis is caused by the bacterium Clostridium perfrin- 
gens and is often associated with intestinal injury initiated by coc- 
cidia. Chukar partridges and pheasants have been known to be 
infected with this disease. Affected birds have mucoid and often 
bloody diarrhea. A number of antibiotics may be used to treat the 
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infection and include bacitracin, lincomycin, streptomycin, and tet- 
racycline.”” This is a soil-borne disease and is usually prevalent in 
high-density captive breeding conditions. It is usually not a problem 
in zoologic aviaries, but it may occur when birds are temporarily 
crowded during maintenance of pens. 

Ulcerative enteritis is also known as quail disease and is caused 
by the bacterium Clostridium colinum. It has been reported in quails 
and pheasants.” Affected quails have a white watery diarrhea that is 
characteristic of this disease. Affected birds become depressed and 
are often found dead. Typical lesions at necropsy include ulcers in 
the small intestines and cecum. The liver may have tan or yellow 
focal lesions. Neomycin may be provided in the water.” 

Paratyphoid Salmonella infections have been reported in exotic 
Galliformes species. Over 2000 species of Salmonella exist, and they 
have a wide host range. Many Galliformes species do not show any 
signs and yet shed the bacteria. Culture of feces when birds are in 
quarantine is recommended to determine prevalence, but this needs 
to occur for several successive collections, as shedding may be spo- 
radic.” Maintaining Salmonella-free conditions may be impractica- 
ble, as the large variety of host species would be difficult to control. 
Moreover, free-living waterfowl and passerines have been docu- 
mented to carry Salmonella species in their feces.'””’ 


Other Bacterial Diseases 


There are other bacterial diseases such as botulism that may affect 
exotic Galliformes, but this is probably seen in facilities with a 
known history of botulism on the premise, for example, those with 
wetland environments’ or high-density avian exhibits, which are not 
usually common in zoologic facilities but may be an issue in captive 
breeding facilities. 


Parasitic Infections 


Coccidiosis is caused by the parasite Eimeria which is highly host 
specific. Documented cases have been reported in pheasants, quails, 
chukars, guinea fowl, and peafowl.” Sulfadiomethoxine is the pre- 
ferred drug, as it is safer.”” Amprolium in water is a safe and effective 
drug for the treatment of coccidiosis.’ This disease is of concern in 
newly acquired birds, which should be evaluated during the quar- 
antine period to prevent future oocyst buildup in exhibits. Although 
it has been shown that coccidiosis tends to be host specific,” this 
disease in exotic Galliformes needs to be documented for host range 
species specificity. Since coccidiosis is host specific and exotic Gal- 
liformes are not housed in large numbers, disease outbreaks are 
minimal unless oocyst buildup occurs over time. 

Cryptosporidium has been reported in quails, pheasants, and 
peafowl and affects the respiratory and digestive systems.” Effective 
sanitation measures for prevention are important, as no effective 
treatment exists. Assessment for this parasite should be performed 
during the quarantine period to prevent seeding of spores in the 
facility. 

Guinea fowl are susceptible to the parasite Histomonas meleagri- 
dis.” Chukars, grouses, quails, partridges, pheasants, and peafowl 
have also been reported to be affected.“ Sudden death may occur, 
and affected birds may have sulfa colored droppings. Necropsy may 
reveal depressed, craterlike lesions in the liver and cecal cores. Cecal 
cores have also been reported in other diseases such as salmonellosis, 
coccidiosis, and colibacillosis” so it is necessary to confirm 
hertomoniasis with parasite identification from intestinal scrapings 
and other clinical signs. Metronidazole, dimetridazole, and iproni- 
dazole have been used for treatment.” This disease may be common 
in zoologic facilities. Domestic chickens may carry this parasite and 
not demonstrate any clinical signs; however, turkeys, peafowl, and 
pheasants are highly susceptible, and high mortality may be seen. 
Facilities with free-roaming peafowl and children’s zoo or barnyard 
areas are at higher risk (Morishita, unpublished data). 


Blood Parasites 
Hemoproteus has been reported in quails,°* Leucocytozoon neavel in 
guinea fowl,°* Plasmodium spp. in pheasants and guinea fowl.» 
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Guans, curassows, and chachalacas have also been documented to 
have Hemproteus.’ Assessments for blood parasites should be per- 
formed during the quarantine period. Mosquito control is important 
in areas with mosquitos. 


Roundworms 

Crop worms that have been found in the crop also invade the 
esophagus, since the crop is actually an outpocket of the esophagus. 
Capillaria species have also been reported in exotic Galliformes 
species, with earthworm as the intermediate host.” Capillaria con- 
torta has been reported in guinea fowl, partridges, pheasants, quails, 
and turkeys. ”” Capillaria annulata has been reported in grouses, 
guinea fowl, partridges, pheasants, quails, and turkeys. ””” Gongylo- 
nema species such as Gongylonema ingluvicola affect the crops of 
partridges, pheasants, quails, and turkeys. ””” Beetles and cock- 
roaches serve as intermediate hosts.” If these worms are detected on 
site, control of intermediate hosts is warranted. 

Worms in the proventriculus belong to the species Dispharynx, 
including Dispharynx nasuta, and have been reported in grouses, 
guinea fowl, partridges, pheasants, and quails.’ Pill bugs and sow 
bugs may serve as intermediate hosts for Dispharynx species.” 
Affected birds may appear emaciated. Thiabendazole has been effec- 
ive as treatment.” 

Other genera found in the proventriculus include Tetrameres. 
Cockroaches and grasshoppers serve as intermediate hosts. ””" 
Tetrameres americana has been reported in grouses, quails, and 
turkeys.’ In addition, T. fissispina has been reported in guinea 
fowl, quails, and turkeys; and T. pattersoni has been reported in 
quails.* Affected birds appear emaciated and may be anemic. 
Fenbendazole has been effective in the treatment of this parasitic 
infection. 

Cyrnea colini has been reported in grouses, prairie chickens, 
quails, and turkeys and use the cockroach as the intermediate 
host.” Cyrnea pileata has been reported in quails.””* Physaloptera 
acuticauda has been reported in prairie chickens and pheasants.” 

The “gizzard worms,” Cheilospirura spinosa, have been reported 
in grouses, partridges, pheasants, quails, and turkeys. ””” The species 
C. hamulosa has been reported in grouses, guinea fowl, and 
turkeys.’ Phenothiazine and fenbendazole have been effective.” 
Affected birds may have hemorrhagic and necrotic gizzard linings. 
Grasshoppers and beetles are intermediate hosts for this genera.” 
Another genus, Cyrnea eurycerea, has been reported in pheasants, 
quails, and turkeys.””” Epomidiostomum uncinatum and Streptocara 
crassicuada have been reported in prairie chickens.” 

Ascaridia galli has been reported in turkeys and in quails.” A. 
numidae has been reported in guinea fowl.’ A. bonasae has been 
reported in grouses; and A. compare has been reported in grouses, 
partridges, pheasants, and quails.”* Trichostrongylus, also found in 
the intestines of quails and guinea fowl, has a direct lifecycle.” Fen- 
bendazole is the drug of choice. 

Capillaria species are more commonly associated with the crop, 
and certain other species have also been reported in the small intes- 
tines. For example, C. anatis has been reported in partridges, quails, 
and turkeys; C. bursata has been reported in pheasants and turkeys; 
C. caudinflata in grouses, guinea fowl, partridges, pheasants, quails, 
and turkeys; and C. obsignata in guinea fowl, quails, and turkeys. ””” 
Most species use earthworms as the intermediate host.” C. phasua- 
nina, also reported in the cecum, has been reported in the partridge, 
pheasant, and guinea fowl.» C. tridens has been reported in wild 
turkeys.’ This disease is best prevented by evaluating its preva- 
lence during the quarantine period. 

In the cecum, Heterakis gallinarum may be found in many exotic 
Galliformes species, including grouses, guinea fowl, partridges, 
pheasants, and quails.””” This worm is unique in that it may also 
play a role in histomoniasis, an important disease in Galliformes. H. 
isolonche has been reported in the grouse, pheasant, prairie chicken, 
and quail.’ H. gallinarum and H. isolonche do not need an inter- 
mediate host to perpetuate their lifecycles.” 


Other genera of nematodes reported in the ceca include Sublura, 
including the species S. brumpti in the grouse, guinea fowl, partridge, 
pheasant, quail, and turkey, and S. strongylina in the guinea fowl and 
quail.””” Sublura genera use beetles, grasshoppers, and cockroaches 
as intermediate hosts.” The genera Aulonocephalus has also been 
reported in exotic Galliformes species, including A. lindaquisti and 
A. quaricensis in the quail and A. pennula in turkeys.” 

Two additional genera in exotic Galliformes species include Stron- 
gyloides avium in the grouse, quail, and turkey and Trichostrongylus 
tenuis in the guinea fowl, quail, and turkey.’ 

The eye parasite Oxyspirura mansoni, has been reported in the 
grouse, guinea fowl, peafowl, and quail.””” The cockroach serves as 
the intermediate host.” Affected birds may have conjunctivitis and 
protrusion of the third eyelid. Severe infections result in damage to the 
eye, as the bird tries to remove the irritation. Tramisol and ivermectin 
have been effective for the treatment of this parasite.” O. petrowi has 
been reported in the grouse, pheasant, and prairie chicken.”* 

The tracheal parasite, Syngamus trachea, has been reported to 
affect the guinea fowl, partridge, peafowl, pheasant, and quail.” 
Affected birds may have open mouth breathing and severe respira- 
tory distress. Increased mortality is seen in young birds. Earthworms 
may serve as intermediate hosts.” Splendidofilaria californiensis has 
been recovered from the heart of quails.””* 

In exotic Galliformes species, nematodes in the subcutaneous 
tissue are often underdiagnosed, as subcutaneous tissues may not be 
examined as thoroughly during necropsy. Examination of subcutane- 
ous tissues during a necropsy is warranted to establish prevalence. 
However, subcutaneous parasites cause minimal effects in Gallifor- 
mes. Singhfilaria hayesi has been reported in quails and turkeys; and 
Splendidofilaria pectoralis has been reported in the grouse. ”“””” Chan- 
dlerella chitwoodae has been reported in the connective tissue of the 
grouse.”?"* 

Nematodes in the body cavity have been more frequently reported 
in other bird orders such as Piciformes (woodpeckers) and herons, 
Aproctella stoddardi has been reported in quails and turkeys, and 
Cardiotilaria niles has been reported in prairie chickens. ””" 

Numerous tapeworm genera exist, including Amoebotaenia, 
Choanotaenia, Davainea, Drepanidotaenia, Hymenolepis, Imparmargo, 
Metroliasthes, and Raillietina has been reported in exotic Galliformes 
species (guinea fowl, peafowl, pheasants, quails, and turkeys). 
Weight loss has been noted in severely affected birds. 

Numerous genera of flukes have been reported in exotic Gallifor- 
mes species. ” They are often missed if only fecal flotation examina- 
tions are performed.” Necropsy may detect specimens as incidental 
findings. For example, a sudden death of two vulturine guinea fowl 
housed in a zoo was submitted for necropsy. No clinical signs were 
noted in the birds’ histories, but the two birds had numerous intes- 
tinal flukes identified as Morishitium.” Hence, examinations of intes- 
tinal contents is warranted for many exotic Galliformes species. 


External Parasites 
Sticktight fleas (Echidnophaga gallinacean) have been reported in 
pheasants and quails. 506? 

Ornithonyssus sylvarium is the northern fowl mite and has a wide 
host range, so physical examination of these birds should be per- 
formed. Since the host range is extensive, free-living passerine may 
disseminate this parasite in aviary collections.”””” Mites may live for 
some time away from live birds, so control of mites needs to includ 
disinfection of the housing, which may be difficult under zoologi 
conditions. 

Lice are highly host specific. Lice infestation may be prevented 
by examining birds during the quarantine period.” If lice cannot 
be detected on physical examination, bird feathers must be examined 
for evidence of nits. Nits may appear along the feathers but often 
occur at the base of the feather shaft. Examining for eggs is impor- 
tant, as sometimes birds are dusted at preshipping sites but may still 
carry nits that may hatch within 2 weeks. The entire lifecycle of lice 
occurs on live birds. 


e 
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Knemidocoptes mutans is known as the scaly leg mite and has a 
wide host range. The scales of the birds feet are upturned because 
of the burrowing mite. In severe infections, loss of digits has been 
reported in chickens. ”* Galliformes housed in facilities with exposure 
to free-living birds have a higher risk. 


REPRODUCTION 


The main reproductive diseases in Galliformes are impacted oviducts 
and an associated colibacellosis. ””" Galliformes have a functioning 
left ovary.” Frequently, the precursor to an incident of impacted 
oviducts is a prior respiratory disease. Hence, the birds health 
history should be evaluated. If breeding of Galliformes is desired, 
the enclosure should be set to contain nest boxes that are easily 
accessed by staff for egg collection for artificial incubation. Nest 
boxes should measure 18 inches in length and 12 inches in height 
and 12 inches in width with a 3- to 4-inch lip in the front to retain 
the nest material within the nest boxes.” A layer of straw is placed 
to line the box. The diet should also be transitioned from a mainte- 
nance diet to a breeding diet. Since most exotic Galliformes species 
such as pheasants are seasonal breeders, the diet should be transi- 
tioned in early February." 

Mating pairs occur among the guinea fowl.'” Good fertility may 
be achieved with a ratio of one male to 4 to 5 females.” Unlike in 
other Galliformes species, guinea fowl eggs are tear-drop shaped.” 
Other exotic Galliformes species should be maintained as breeding 
pairs.’ 


TABLE 18-7 


Incubation 
Family Common Name Clutch Size Period (Days) 
Megapodidae Australian brush 5-35 45-90 
turkey 
Cracidae Curassow 2 28-32 
Tetraonidae American 19-22 
woodcock 
Ruffed grouse 8-14 24-26 
Phasianidae Blood pheasant 5-12 27-29 
Tragopan 2-6 28 
Monal 5 27 
Jungle fowl 5-10 21 
Eared pheasants 5-8 26-27 
Crested 4-9 22-24 
pheasants 
Ring-necked 8-12 23 
pheasants 
Argas pheasants 2 25 
Peafovvl 2-8 26-28 
Quail 5-12 16-21 
Partridge 3-15 24-26 
Black francolin 8-12 18-19 
Erckel's francolin 5-10 21-23 
Greater prairie 12 23-26 
chicken 
Roul”roul 4-6 18-22 
Numididae Guinea fowl 6-20 26-28 
Meleagrididae Turkey 8-15 28 
Opistocomidae Hoatzin 2-3 Unknown 


As summarized by Drew ML: Galliformes (pheasants, grouse, quail, 
turkeys, chacalacas, currasows, hoatzins). In Fowler ME, Miller RE (ed): 
Zoo and wildlife medicine, 5th ed. St. Louis, MO, 2003, Saunders. 
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Ifa captive breeding program is desired, eggs should be collected 
once a day. In extremely hot weather, collection should be done twice 
a day. Eggs should be immediately incubated; if a synchronous hatch 
is desired, the eggs may be refrigerated until a clutch is obtained.” 
Hatchability decreases the longer eggs are refrigerated; and eggs 
should not be kept longer than 5-7 days as hatchability will 
decrease.” 

A large variation exists in the number of days needed for incuba- 
tion of the eggs of exotic Galliformes species. Table 18-7 provides 
common incubation times for exotic Galliformes species. Since 
artificial incubators are used in most zoologic and private aviary 
settings, once the eggs are collected, it is important to write the 
name of the species, the date of collection, and the potential hatch 
date on the egg so that these dates may be monitored.” Light 
colored eggs should be “candled” to observe if a chick is developing. 
Chick development may be best confirmed about 4 to 5 days after 
the start of incubation.” If no chick development is noted in any of 
the eggs, it is best to remove those eggs, as they may pose a risk for 
other incubating eggs. Infertile eggs or eggs in which the embryo 
has died early in incubation are excellent source of nutrients for 
bacteria such as Pseudomonas and may cause the egg to explode 
within the incubator.” These exploding eggs may spread infection 
to other eggs in the incubator and may cause egg mortality or early 
chick infections. 

Guinea fowl eggs have a thicker shell and require more humidity 
and a slightly higher temperature compared with the chicken egg. ” 
Hence, they are often incubated with waterfowl eggs. 

Eggs incubated under poor sanitation or those with poor shell 
quality may result in chicks with an increased incidence of ompha- 
litis caused by bacteria such as Escherichia coli, Staphylococcus aureus, 
Klebsiella spp., Streptococcus spp., and Proteus spp. °°“??? Although 
Enterococcus species may be isolated, it is rarely associated with 
omphalitis.” 

Artificial heaters have been used for large breeds after hatching, 
but caution should be exercised when using gas heaters because of 
the risk of toxic gas buildup.” 
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CHAPTER 1 9 


Gruiformes (Cranes, Limpkins, 
Rails, Gallinules, Coots, Bustards) 


Robert A. MacLean and Hugues Bedufrere 


BIOLOGY 


The order Gruiformes has historically been problematic to classify 
and does not seem to be a monophyletic group as at least four dif- 
ferent clades exist in it. It includes the families Gruidae (cranes, 15 
species), Psophiidae (trumpeters, 3 species), Rallidae (rails, crakes, 
soras, gallinules, swamphens, takahes, moorhens, and coots, 138 
species), Sarothruridae (flufftails, 7 species), Heliornithidae (sun- 
grebes, and finfoots, 3 species), and Aramidae (limpkins, 1 species). 
The orders Otididiformes (bustards, 26 species), Eurypygiformes 
(sunbitterns and Kagus, 2 species), Cariamiformes (seriemas, 2 
species), and Mesitornithiformes (mesites, 2 species, and monias, 
1 species) are traditionally included in the Gruiformes but are 
now largely separated because of morphologic and phylogenetic 
distinctions. '” 

This chapter presents information derived primarily from experi- 
ence with managing cranes, as more published data are available, 
with some additional information provided for bustards, coots, and 
rails. Sustained efforts are ongoing to maintain, breed, and rear many 
species of Gruiformes for captive management and for reintroduction 
efforts. Much of our scientific knowledge, captive management tech- 
niques, and veterinary experience derive from these programs. 
According to the International Union for Conservation of Nature 
(UCN) and Convention on International Trade in Endangered 
Species (CITES) (websites accessed November 16, 2012), of the 15 
extant species of cranes, 14 species and subspecies are vulnerable or 
endangered; in bustards, 6 species are vulnerable or endangered; and 
in rails, 35 species are vulnerable or endangered, and one, the Guam 
rail (Gallirallus owstoni), is extinct in the wild (reintroduction efforts 
are ongoing). 

Cranes are found throughout the world except in the neotropics 
and the Antarctic. They differ from herons and egrets in that many 


crane species have bright-red thick skin covering parts of the head 
and neck and have perforate nares. Cranes are long-lived, with a 
captive lifespan that may reach 50 years. Crane adults, with the 
exception of the African crowned cranes (Balearica spp.), have a long, 
convoluted trachea that is enclosed within the bones of the keel, 
which is thought to be an adaptation for producing their loud 
bugling call (Figure 19-1). Cranes share this tracheal characteristic 
only with swans (Cygninae). An extremely long and coiled trachea 
is also a characteristic of trumpeters (Psophiidae), but the tracheal 
elongation is subcutaneous. 


FEEDING 


Cranes are omnivorous and are known to eat a variety of foods, 
including grains, fish, amphibians, mollusks, rodents, and insects. 
For practical reasons, most captive cranes are fed commercially pro- 
duced pelleted diets that have been specifically developed for 
cranes, 75158 


RESTRAINT AND HANDLING 


Cranes may sustain leg and wing injuries during capture, and they 
are prone to skin lacerations from their sharp toenails when mis- 
handled. The recommended method of capture is to gently herd or 
push the bird into a corner or other confined space using raised 
arms, brooms, or both. The folded flight feathers (or bustle) may be 
grasped by the handler with one hand, maintaining the wings in a 
closed position, and the free arm may grasp around the body and 
wings while directing the head and neck behind them. The hand 
holding the bustle may then be used to restrain the legs at the hock 
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FIGURE 19-1 Lateral radiograph of a wild whooping crane (Grus 
canadensis), subsequently diagnosed with aspergillosis. Note the con- 
voluted trachea that penetrates and is enclosed within the bones of 
the sternum, a characteristic of most species of cranes. 


FIGURE 19-2 Technique for safely holding a crane (Grus canadensis 
pulla); one hand supports the body, and the other grasps the legs at 
the hocks. (Courtesy of Megan Savoie.) 


using one or two fingers between the hocks. The bird is picked up, 
and the legs are extended parallel to the ground (Figure 19-2). For 
he bird that insists on facing the handler prior to capture, handlers 
should gently grasp the neck and direct the head behind them to 
initiate the grab. ” Safety eyewear is highly recommended. Caution 
is advised, as aggressive cranes may cause serious injury, including 
punctures and lacerations. Other recommendations for restraint and 
handling have been outlined elsewhere.” 

Kori bustards (Ardeotis kori) are powerful birds with very strong 
egs capable of leaping high into the air and upon restraint may cause 
substantial injury to themselves and to the handlers. Experienced 
handlers are strongly recommended for bustards (see the AZA Gru- 
iformes TAG 2009 Kori Bustard [Ardeotis kori] Care Manual, Associa- 
ion of Zoos and Aquariums). 

Chemical restraint is appropriate for extensive handling or pro- 
onged procedures to reduce stress-related complications, including 
hyperthermia and capture myopathy. Inhalant anesthesia, using iso- 
lurane or sevoflurane administered via a mask; intubation, using an 
uncuffed endotracheal tube; and intermittent positive pressure 


ventilation (IPPV) are the preferred techniques for chemical restraint 
in captive Gruiformes. An appropriate facemask to accommodate the 
ong beak of the crane may be made using a 60-milliliter (mL) plastic 
syringe case. Appropriate assessment of vital signs is recommended 
and should include monitoring of heart rate via Doppler blood flow 
monitor, end-tidal carbon dioxide (CO) and respiratory rate with 
he use of a capnograph, and core body temperature (published 
recommended values for cranes are not available but seem compa- 
rable with those for birds of similar size). The minimum alveolar 
concentration (MAC) in Mississippi sandhill cranes is 1.34% + 
0.14%, and cranes are susceptible to dose-dependent, isoflurane- 
induced respiratory depression and hypotension, particularly under 
spontaneous ventilation.*’ Therefore, it is recommended that a mul- 
imodal approach to anesthesia and controlled ventilation be used 
in these species. In addition, cranes have larger tracheal dead space 
ompared with most birds, and inadequate ventilation and hyper- 
apnia are frequently accompanied by bradycardia. Moreover, the 
interval between respiratory arrest and cardiac arrest may be very 
short in birds, leaving little time to respond. To reduce the chance 
for injury during recovery, the bird should be manually restrained 
in a quiet place, hooded or in low light, until it is likely to stand on 
its own when released. 

Mild to moderate sedation with midazolam (0.5 to 1.5 milligrams 
per kilogram [mg/kg]) and butorphanol (0.5 to 1.5 mg/kg) intra- 
muscularly (IM) may be adequate for minor procedures and more 
prolonged handling such as bandaging or diagnostic imaging in 
cranes. Diazepam (0.5 to 1.0 mg/kg, orally [PO]) lasts 4 to 6 hours 
and is useful for tranquilization for procedures such as shipping 
agitated birds. Sedatives may be reversed for a rapid recovery, if 
necessary or desired. Local anesthetics (lidocaine 0.5 milliliters [mL], 
xylocaine 0.5 mL, or bupivacaine up to 2 mg/kg) may be infiltrated 
into areas for minor procedures such as wound suturing or implant- 
ing subcutaneous radio transmitters.”' 

For field work, cranes have been successfully anesthetized with 
ketamine and xylazine (10-15 mg/kg ketamine, 1 mg/kg xylazine, 
IM), ketamine and diazepam (10-15 mg ketamine, 0.2—0.5 mg/kg 
diazepam, IM) combinations, or with propofol (PropoFlo Injectable, 
Abbott Laboratories, North Chicago, IL) as a bolus intravenously (IV) 
or as a continuous rate infusion (CRI).’’ A mixture of alphaxolone 
and alphadolone has also been used successfully in cranes for short 
procedures (6.5-7.0 mg/kg, IV) Alpha-chloralose (0.39-0.48 gram 
per cup [g/cup], or 280 mL, of corn) has been used to capture wild 
cranes and cranes that have escaped from zoos or private collections; 
however, the ingested dosage is variable, and an increased risk of 
capture myopathy exists.”””” 


Cc 
° 


DIAGNOSTIC PROCEDURES 


Blood may be collected from the right jugular vein or from the medial 
metatarsal vein. Although very rare, jugular lacerations resulting in 
death have occurred in a struggling crane, so appropriate caution is 
advised. The basilic or ulnar veins may also be used but are not 
recommended in alert cranes. Normal blood values ol select cranes 
and bustards are listed in Table 19-1.1016242832355% Hemolysis 
induced by EDTA (ethylenediaminetetraacetic acid) has been 
reported in crowned cranes, so heparin is recommended in these 
species.” The looping trachea present in other crane species may lead 
o the buildup of mucus or fluids at certain points and result in 
severe dyspnea; because of this unique anatomy, any tracheal flushes 
should be used with extreme caution.’ 


MEDICAL TREATMENTS 


Most medical treatments, procedures, and therapeutic regimens 
appropriate for use in other avian species should be generally appli- 
cable to Gruiformes and Otididae. Drug selection, dosage, route and 
frequency of administration may vary. Refer to Tables 19-277101939.47.48 
and 19-3’*!°"® for antimicrobials and anthelmintics commonly used 
in cranes. 
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TABLE 19-2 


ir . 
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Antimicrobial Agents Commonly Used in Cranes _ 


Agent Dosage 

ANTIBIOTICS 

Amikacin 10 mg/kg, IM, every 12 hours 
Ampicillin 20 (to 100) mg/kg, IM, every 12 hours 
Carbenicillin 100 mg/kg, IM or IV, every 12 hours 


Cefazolin sodium 25-30 mg/kg, IM or IV, every 8 hours 
50-100 mg/kg, IM, every 8 hours 
35-50 mg/kg, PO, every 6 hours (PK) 
00 mg/kg, IM, SO, every 6 hours (PK) 
00 mg/kg, SO, every 8 hours 

8-15 mg/kg, PO or IM,* every 12 hours 


5 mg/kg, IM, every 8 hours (PK) 


Cefotaxime sodium 


Cephalexin 
Cephalothin 
Chloramphenicol 


Enrofloxacin 


Gentamicin 


Piperacillin 00 mg/kg, IM, every 4-6 hours? 
Trimethoprim— 


sulfamethoxazole 


6-24 mg/kg (based on trimethoprim) 
PO every 12 hours 


5 mg/kg, SO, every 8 hours (PK) 


Tylosin 
ANTIMYCOTICS 
Amphotericin B 


5-10 mg/15 mL water; nebulize 20 
minutes every 8 hours 


Clotrimazole 30 mg (3 mL) in glycerol glycolate; 


nebulize 20 minutes every 8 hours 
100 mg/kg, PO, every 8-12 hours 
5-10 mg/kg, PO, every 12 hours 
300,000 IU/kg, PO, every 12 hours 


Flucytosine 


Itraconazole 


Nystatin 


*Because these drugs have the potential to cause necrosis when admin- 
istered intramuscularly, oral administration is preferable or it should be 
diluted in subcutaneous fluids. 

tAccording to pharmacokinetics in parrots, hawks, and owls. 

IM, \Intramuscularly; /U/kg, international unit per kilogram; /V, intrave- 
nously; mg/kg, milligram per kilogram; mL, milliliter; PO, by mouth; PK, 
pharmacokinetic study; SQ, subcutaneously. 


INFECTIOUS DISEASE 
Bacterial Diseases 


Infectious diseases in cranes appear to be mainly bacterial in origin 
and sporadic in occurrence, and they are found primarily in birds 
hat may have been predisposed to infection by environmental or 
population stresses.” A wide variety of bacteria have been isolated 
from cranes, including Salmonella spp., Pasteurella multocida, Myco- 
bacterium avium and M. tuberculosis, Clostridium spp., Erysipelothrix, 
Campylobacter spp., Streptococcus spp., and numerous members of 
he Enterobacteriaceae (e.g., Escherichia coli, Proteus vulgaris, Pseudo- 
monas aeruginosa, and Bacillus spp.).'°?!°°* The significance of 
most of these organisms in cranes is incompletely understood, and 
normal flora is reported to vary with crane species.” 

Eye infections involving the cornea in crane chicks caused by 
Pseudomonas aeruginosa may be severe and lead to loss of vision in 
he affected eye; therefore, antibiotic treatment of corneal trauma is 
recommended in chicks.” Multiple subspecies of Salmonella have 
been cultured from wild and captive cranes, and the findings are 
requently incidental, with no apparent clinical signs being present. 
Salmonella, however, has also been associated with enteritis, septice- 
mia, and death. 

Mycobacterium avium has been isolated from captive cranes, wild 
whooping cranes, and wild sandhill cranes. M. avium and salmonel- 
osis are frequently associated with crowding, a contaminated envi- 
ronment, or both and should be recognized as potential dangers 


where birds congregate.” Signs of infection in birds are variable and 
may be nonexistent, making diagnosis in living birds difficult. One 
5-year-old wild whooping crane that was found debilitated by M. 
avium was successfully managed for over 2 years with antibiotic 
therapy.” 


Viral Diseases 


Viral diseases such as avian pox and Newcastle disease, which occur 
in most species of birds, also occur in cranes.’' Three viral diseases 
have been identified as potential problems in captive cranes main- 
tained in North America: (1) eastern equine encephalitis (EEE), (2) 
West Nile virus (VVNV) disease, and (3) inclusion body disease of 
cranes (IBDC), also known as gruid herpesvirus type 1 disease. 
Another viral disease, infectious bursal disease (IBD), has the poten- 
tial to cause morbidity and mortality in cranes.”! 

IBDC virus has been isolated from cranes in outbreaks in North 
America, Austria, France, Japan, and the former Union of Soviet 
Socialist Republics. Clinical signs were mostly nonspecific, and a 
herpesvirus was characterized. The antibody response noted in some 
surviving cranes lasts for several years, and these birds should be 
considered carrier animals of IBDC. A survey of wild sandhill cranes 
in Wisconsin and Indiana did not find any exposure to IBDC, indi- 
cating that positive, potentially subclinically infected captive birds 
should not come in contact with naive wild cranes.'° One study has 
demonstrated an absence of vertical transmission of the virus in a 
pair of seropositive black-necked cranes (Grus nigricollis) No 
known treatment or vaccine exists for IBDC at the present time.” 

EEE virus is an arbovirus (alphavirus, togaviridae) transmitted by 
the vector mosquito Culisetta melanura, which occurs sporadically in 
a sylvatic cycle. It infects a wide variety of indigenous bird species 
in the Americas, primarily in the eastern United States, and an epi- 
zootic of EEE was reported in captive whooping cranes in 1984./7 
Some birds died without any premonitory signs, and others showed 
signs of lethargy, ataxia, and paresis before death.” When the virus 
successfully invades the central nervous system, affected birds 
become depressed, lethargic, uncoordinated, and paralyzed, and 
they assume abnormal postures, especially of the head and neck.”” 
Whooping cranes exhibit mainly the viscerotropic form of the disease 
with minimal neural involvement but with coelomic gross lesions 
while Mississippi sandhill cranes have been diagnosed with the neu- 
rotropic form. “56” 

VVNV is another arbovirus belonging to flaviviruses, flaviviridae, 

and is transmitted by Culex spp. Significant mortality has occurred 
in Mississippi and Florida sandhill crane chicks.’ Adult birds, 
however, seemed to be relatively resistant to the virus, as experimen- 
tal infection failed to induce death in sandhill cranes despite 
viremia.”” Clinical signs include lethargy, weakness, ataxia, weight 
loss, and inappetence. Several other captive crane species have had 
VVNV antibodies detected in postmortem examinations. Mortalities 
are rare, even without implementation of routine WNV vaccination 
in some captive flocks, but still occur occasionally. WNV antigen has 
also been associated with mortalities in Aramidae and Rallidae in 
North America (WNV Affected Species List 2005, March 2005, 
National Wildlife Health Center, Madison, WI). 
IBD is a viral disease (avibirnavirus, birnaviridae) with an acute 
onset that targets the lymphoid tissue of the bursa, resulting in 
immunosuppression. Among young chickens, IBD is highly conta- 
gious. Seropositivity to IBD was associated with the deaths of captive- 
raised and released whooping cranes in Florida, and the virus was 
subsequently shown to be endemic in the region.° At this time, the 
course of IBD in cranes is not well documented, but it is thought to 
have been associated with fatal cases. Housing cranes in an exhibit 
with or near chickens or turkeys should be avoided to reduce expo- 
sure to IBD. 


Mycotic Diseases 


Oral candidiasis is treated in cranes using oral nystatin. " Aspergil- 
losis has been diagnosed in young and adult captive cranes and has 
caused the deaths of numerous crane chicks, some as young as 9 
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TABLE 19-3 

Agent Dosage Comments 

Albendazole 20 mg/kg, PO; repeat in 7 days Trematodes (some) 

Amprolium 0.0125 mg/kg of feed, continuous 0.025 mg/kg of feed Coccidiosis: Prophylactic Coccidiosis: 


for 14 days 0.006% in drinking water, continuous 


Therapeutic Coccidiosis 


Carbaryl powder (5%) 
Fenbendazole 


Topical, weekly or biweekly, prn 
50-100 mg/kg, PO; repeat in 14 days, prn 


Ectoparasites; use sparingly 
Intestinal strongyles, ascarids 


50 mg/kg, PO, for 5 days; repeat in 14 days 


Gapeworms and capillarids 


Ivermectin 0.2 mg/kg, SO; repeat in 14 days Nematodes and mites 
Levamisole 40 mg/kg (25 mg/kg in chicks), PO; repeat in 14 days, prn Intestinal strongyles, ascarids, and capillarids 
Monensin 90 g/ton of feed, 99 ppm (continuous or seasonally) Coccidiosis, recommended for the prevention 


of visceral coccidiosis 


Ormetoprim-sulfadimethoxine 


0.015% ormetoprim and 0.026% sulfadimethoxine in 
food continuously for 3 weeks 


Coccidiosis 


Praziquantel 


6 mg/kg, PO or IM; repeat in 10-14 days 


Cestodes and trematodes 


Pyrantel pamoate 


4.5 mg/kg, PO; repeat in 10-14 days 


Intestinal nematodes 


Pyrethrin powder (0.10%) 


Topical; repeat in 7-14 days, prn 


Ectoparasites; apply lightly 


Pyrethrin 0.03%, piperonyl 
butoxide 0.30% spray 


Sulfachlorpyridazine 


Topical; repeat in 3 to 7days, prn 


tsp/gal (1.3 mL/L) drinking water for 7-14 days 


Ectoparasites; apply lightly 


Coccidiosis 


Sulfadimethoxine 


50 mg/kg, PO, every 24 hours for 14 days 


Coccidiosis 


Thiabendazole 


100 mg/kg, PO; repeat in 7-14 days 


Intestinal strongyles and ascarids 


Trimethoprim-sulfamethoxazole 


16-24 mg/kg (based on trimethoprim), PO, every 12-24 
hours 


Coccidiosis 


g/ton, Gram per ton; /M, intramuscularly; mg/kg, milligram per kilogram; mL/L, milliliter per liter; PO, by mouth; ppm, parts per million; prn, pro re nata 
(as circumstances require); SQ, subcutaneously; tsp/gal, teaspoon per gallon. 


days. Published treatments are similar to those in other birds.” The 
use of voriconazole in cranes has not been reported. 


Parasitic Diseases 


Parasites are present in most wild and in many captive cranes, 
although the burdens are usually light.” Parasite prevalence in the 
environment will frequently increase in captivity or in areas where 
wild birds congregate. Clinical signs of parasitism are usually absent 
and, when they occur, are frequently nonspecific. Parasitism gener- 
ally increases the susceptibility of an animal to disease, predation, 
malnutrition, and other mortality factors, thus reducing the chances 
of survival for the bird.'® 


Protozoa 
At least three species of blood protozoans, Haemoproteus antigonis, 
H. balearicae, and Leucocytozoon grusi, have been found in cranes 
with at least one reported chick mortality. "1599 Two captive Missis- 
sippi sandhill crane chicks in separate seasons became ill with severe 
anemia and lethargy and were diagnosed with a heavy burden of 
Haemoproteus spp. Both recovered with a single blood transfusion 
and treatment with atovaquone proguanil (20 mg/kg, PO, q24h 3 
doses) (authors’ experience). Spironucleus (formerly Hexamita) and 
Spironucleus-like spp. were associated with necrotizing enteritis and 
the death of captive demoiselle (Anthropoides virgo) in Europe and 
sandhill cranes in Florida. Plasmodium sp., Nuttalia sp., and non- 
Eimeria tissue coccidia (Lankesterella or Atoxoplasma spp.) have been 
reported in cranes, but their significance to the health of wild and 
captive cranes is unknown."° 

Coccidia are considered a potentially important cause of mortality 
of captive cranes. Coccidia probably infect all species of cranes, and 
under certain conditions cause morbidity, diarrhea, and death. The 
coccidia Eimeria gruis and E. reichenowi are common parasites of 
sandhill and whooping cranes, and their presence has been reported 


in at least three other crane species in captivity. Although coccidiosis 
generally is recognized as a disease of the intestinal tract, Eimeria 
infections in cranes, and in particular, E. reichenowi, is especially 
pathogenic because infection may become systemic with widespread 
extraintestinal dissemination of developmental stages.” This is 
known as disseminated visceral coccidiosis. Necropsy of naturally 
infected adult birds revealed multifocal nodules in many organs, 
including the alimentary tract and the lung, air sacs, trachea, and 
nares (Figure 19-3). In experimentally infected sandhill crane chicks, 
morbidity and death occurred at the peak of merogony (9 to 11 days 
following infection). Lesions identified in postmortem examination 
included granulomatous pneumonia and tracheitis, hepatitis, myo- 
carditis, splenitis, and enteritis. 

Eimeria represent a significant health problem for captive crane 
rearing facilities. Concentrations of these parasites in the substrate 
may increase substantially because of the direct life cycle, thus 
increasing the risk of overwhelming infection. Appropriate counter- 
measures include parasite surveillance, pen rotation, and separation 
of cranes by age class.” The anticoccidial monensin has been shown 
to be effective in cranes as prophylaxis." It may be milled into the 
feed at 90 grams per ton (g/ton; 99 parts per million [ppm]) and fed 
continuously or for 2 months prior and 2 months after the chick- 
rearing season.” Additional references and more specific information 
on this common disease in cranes can be found elsewhere.” 


Endoparasites 

Although endoparasites may cause illness in cranes under certain 
conditions, their overall impact in wild and captive cranes is prob- 
ably of low significance. ” Capillaria, Eucoleus, Ascaridia, and Synga- 
mus (gapeworms) species, however, are known _ pathogens, 
occasionally resulting in debilitation or death. Gapeworms may 
cause pneumonia and may obstruct the trachea, resulting in asphyxi- 
ation; ivermectin and fenbendazole have been effective treatment 


160 PART III © AVIAN GROUPS 


kx i ¥ 


FIGURE 19-3 Granulomas (arrows) present in the liver (L) and heart 
(H) of a Mississippi sandhill crane (Grus canadensis pulla) that died of 
disseminated visceral coccidiosis caused by Eimeria spp. (Courtesy 
USGS National Wildlife Health Center.) 


(see Table 19-3). Acanthocephalans, or spiny-headed worms, may 
perforate the intestine and lead to a fatal coelomitis. No effective 
anthelmintic is available, but controlling arthropods may aid in 
preventing transmission. Water rallidae are affected with a wide 
range of helminths with complex life cycles; coots, specifically, are 
susceptible to gastrointestinal (GI) trematodes and the gizzard worm 
Amidostomum fulicae.””” 


Ectoparasites 

At least five species of mites (order Acarina) and four species of biting 
lice (order Mallophaga) have been reported in cranes. Severe cases 
of ectoparasites, especially in chicks, may be debilitating. Control is 
achieved by dusting cranes with antiparasitic powder (see Table 
19-3). Biting and stinging insects, including bees (Apis spp.), wasps 
(Vepis spp.), black flies (Simulium spp.), and deer flies (Chrysops spp.) 
will attack cranes, causing localized inflammation of the skin, exces- 
sive preening, discomfort, and stress. Occasionally, the mucous 
membranes in the mouth will swell because of an inflammatory 
response resulting from an insect sting. This is a common occurrence 
in chicks around fledging age.” 


NONINFECTIOUS DISEASE 
Trauma 


The most frequent cause of trauma in captive birds is intraspecific 
aggression, which often results in soft tissue trauma to the head and 
neck and occasional skull fractures. Aggression in cranes is often 
associated with the formation of dominance hierarchies and the mate 
selection process, including defense of territory, food, or water.'° Any 
disruption of the social order also may result in aggression, including 
moving a new crane into an established pen.” In general, forming a 
new social group in a new and neutral pen is best; alternatively, 
introducing an individual crane into an adjacent pen for a few weeks 
before allowing it to join a group may be effective.” In another form 
of aggression, parents may attack and occasionally kill their chicks. 


An underlying factor may be a sick or lethargic chick, parental dis- 
turbance (redirected aggression), or an abnormal appearance of the 
chick (wound or deformity). 

Aggression, collision with sharp objects, and self-inflicted wounds 
may cause lacerations. A struggling crane may lacerate itself with a 
sharp toenail while being captured.'° Trauma also may rupture air 
sacs, resulting in subcutaneous emphysema or audible and focal 
abnormal respiratory sounds in chicks and adults. Minor cases of air 
sac rupture may resolve without medical intervention, but severe 
cases may result in extensive subcutaneous emphysema over the 
entire body.” Air may be withdrawn with a syringe, needle, and a 
three-way valve. If the affected area is limited, a pressure bandage 
may prove helpful. In the most severe cases, surgical insertion of a 
Penrose drain through the skin into the air-filled subcutaneous 
spaces is required to resolve the problem. The crane should be 
administered antibiotics and the drains cleaned with an appropriate 
antiseptic solution (e.g., 1% povidone-iodine solution) twice daily. 
After 1 to 2 weeks, the drains may be removed and cultured ° 

Trauma to the beak is also relatively common in captive cranes, 
usually associated with pen fencing. With minor fractures of the tip 
of the beak (distal 2 to 3 cm), the two ends may be trimmed evenly 
to facilitate grasping and feeding. More proximal fractures require 
medical or surgical repair. Dental acrylic and Kirschner wires may 
be used to create a splint around the fracture (acrylic alone will not 
adhere to the rhamphotheca for sufficient time) (Figure 19-4). The 
splint is left in place for 3 to 4 weeks.” 

Trauma also may result in injuries to toes or in fractures, espe- 
cially of the long bones (see Orthopedic Conditions and Fractures). 
Neck fractures resulting in death occur in captive cranes, usually 
associated with a flight response into caging. Trauma is a leading 
cause of mortality in wild and reintroduced cranes and bustards, 
especially from collisions with power lines. 719539 Interestingly, one 
study has shown that these birds are essentially blind in the direction 
of flight while scanning the terrain below. 

Predation is a significant cause of mortality in wild and reintro- 
duced cranes and remains a constant concern and cause for vigilance 
in captive cranes.'*?! 


Orthopedic Conditions 


Disorders in Chicks 

Hand-raised cranes are predisposed to leg disorders, which include 
deformities in the proximal ends of the tibiotarsus and tarsometatar- 
sus, the distal end of the tibiotarsus, and the intertarsal and tibio- 
femoral joints.'” These conditions are thought to result from an 
inordinately rapid weight gain during the first 4 weeks combined 
with insufficient limb strength but may also be related to nutritional 
deficiencies, hatching difficulties, improper substrate, improper han- 
dling or other physical injury, or a combination of these factors.” 
Detection involves monitoring the chick’s gait and monitoring weight 
gain daily.” Exercise is known to reduce the incidence of leg defor- 
mities in captive crane chicks. In the United States, captive whoop- 
ing crane and sandhill crane chicks are walked and placed in a pool 
for swimming several times a day for 10 to 30 minutes. Exercise may 
also be encouraged by placing food and water on opposite ends of 
the pen. If weight gain exceeds 10% per day (up to 15% at one 
facility), feed withholding—that is, food offered for no more than 
15 minutes four times during the day and feed provided ad libitum 
overnight—should be considered. 

Crooked toes are common in very young captive chicks and may 
also be associated with the subsequent development of limb deformi- 
ties. Splinting the toes at the first sign of deviation is recommended; 
encircling the toe in a mildly adhesive reinforced packing tape for 2 
to 3 days may be effective. 

Using natural incubation, hatching, and rearing (parent or foster) 
of chicks also appears to reduce the occurrence of leg and toe abnor- 
malities. Chicks will continually follow their parents in search of 
insects and other foods, and this provides adequate exercise on an 
uneven and varied surface. Diets formulated to contain low levels of 
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FIGURE 19-4 Beak repair in a white-naped crane (Grus vipio). A, Orthopedic wire is positioned 
through the beak on opposite sides of the fracture to aid in securing the splint. B, Cold-curing meth- 
ylmethacrylate acrylic is used to splint the fracture. (Courtesy of Barry Hartup, DVM.) 


joint trauma or abnormality in a crane. (Courtesy of Barry Hartup, 
DVM.) 


methionine or sulfur-containing amino acids also appear to be effec- 
tive in reducing chick growth rates.'° 

Other problems known to occur in captive crane chicks include 
broken blood feathers and deformities of the carpal joint (angel 
wing) and beak; treatment is similar to those reported for other avian 
species. 


Arthritis 

Arthritis involving the joints of the legs is also a common problem 
in captive cranes. Although trauma is the most common cause, septic 
arthritis, arthritis secondary to congenital or developmental deformi- 
ties, and immune-mediated arthritis also have been docu- 
mented. “531379? Degenerative osteoarthritis of the hocks is common 
in captive Siberian cranes (Grus leucogeranus).” A 4% per year inci- 
dence of intertarsal joint trauma was estimated at the International 
Crane Foundation (Figure 19-5).” 


Fractures 
Fractures of the long bones are a serious problem in cranes because 
of an inordinately high rate of complications and subsequent death 


or euthanasia.’' Techniques for fracture repair are similar to those 
used in other avian species. Recombinant human bone morphogenic 
protein was used successfully in repairing an open comminuted 
humeral fracture in a whooping crane and may aid in improving 
outcomes.” When a failure occurs in the distal pelvic limb, it is 
possible to amputate the leg at or just above the fracture site and 
build a prosthetic leg for the crane. The prosthesis may be made 
from a thin-walled PVC pipe and held onto the stump of the leg 
using adhesive tape, which is usually wrapped up around the hock 
to avoid slippage. The tape and the prosthesis should be changed 
every 30 to 60 days. One Mississippi sandhill crane lived for 20 years 
with such a device." A comfortable prosthesis must be attained 
quickly to avoid life-threatening pododermatitis in the remaining 
foot. Recently, a titanium prosthesis was implanted in a white-naped 
crane; appropriate osteointegration was observed on subsequent his- 
topathology after the bird was euthanized because of apparently 
unrelated complications. ” 


Exteriorized Yolk Sac 


A common problem in hatchling chicks is an exteriorized yolk sac. 
This is thought to occur from inadequate incubation parameters or 
infection, usually from E. coli, and treatment for this condition has 
been described elsewhere.°! 


Capture Myopathy 


Capture myopathy (exertional rhabdomyolysis) has been observed 
after manipulation or immobilization of cranes’??**°° and bus- 
tards.'”’ Clinical signs include peracute death from cardiac failure; 
apparent pain, stiff movement, and swollen, hard muscles that are 
warm to the touch; trauma to the limbs from struggling; or a com- 
bination of all of these signs. As in other species, serum elevations 
in muscle-associated enzymes are useful in diagnosing a myopa- 
thy’! Treatment consists of supportive care (which may include 
physical support in a sling apparatus), physical therapy, IV fluids, 
corticosteroids, vitamin E and selenium, and antibiotics. ””/ 


Foreign Bodies 


Cranes commonly pick up small obiects, including pieces of metal, 
and may ingest them. These objects may then persist in or even 
penetrate the ventriculus or other portions of the gastrointestinal 
tract (GIT). Clinical signs and treatment are similar to those described 
for other birds. To reduce the chance of foreign body ingestion, it is 
imperative to remove all such objects in new or recently renovated 
enclosures vvith the aid of a rolling magnet and a metal detector. 
Tracheal foreign body (a kernel of corn) has been reported in a 
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whooping crane and has also occurred in a Mississippi sandhill 
crane 31.47 


Neoplasms 


Although rare, neoplasms have been reported in cranes and include 
renal adenocarcinoma, renal carcinoma, lymphocytic and granulo- 
cytic leukemias, cholangiocarcinoma, leiomyosarcoma, and hemato- 
poietic stem cell neoplasia. 777595) Hepatocellular carcinoma, 
osteosarcoma, and malignant peripheral nerve sheath tumor have 
also been observed (authors’ experience). 


Toxins 


Cranes have died from lead intoxication through ingestion of fishing 
weights, lead shot, and lead-based paint.”””” Clostridium botulinum 
toxin has killed cranes in at least one North American zoo, and botu- 
lism should be considered whenever cranes present with progressive 
paralysis.'° Famphur, an organophosphorus, anticholinesterase 
insecticide used almost exclusively on livestock, caused the death of 
wild cranes in Georgia in 1988.” This pesticide was intentionally 
used in corn by local farmers to target birds presumed to be feeding 
on their crops. An incident in Japan involving another organophos- 
phate, fenthion, killed several red-crowned cranes.” Anticholines- 
terase poisoning should be considered as a possible differential 
diagnosis when wild birds in otherwise good condition are found 
dead.!°! 

In the 1980s, an estimated 9500 sandhill cranes died in Texas 
and New Mexico because of Fusarium species toxicosis from con- 
taminated peanuts.” Clinical signs included inability to hold the 
heads straight while flying or standing. Necropsy lesions included 
multiple muscle hemorrhages and submandibular edema. Tilling 
peanut fields in the fall reduced this cause of crane mortality. " 
Mycotoxins were also responsible for numerous deaths and high 
morbidity in captive cranes in Maryland in 1987, where minute 
levels of both deoxynivalenol toxin and mycotoxin t-2 were found 
in the pelleted feed. The birds showed a reduction in pelleted feed 
consumption, weight loss, and a progressive weakness, sometimes 
collapsing when stressed. Treatment included supportive care, fluids, 
and replacement of the contaminated pellets.*” 

The American coot is one of the main species affected by avian 
vacuolar myelinopathy suspected to be caused by a neurotoxic 
amino acid BMAA (B-N-methylamino-L-alanine) synthetized by epi- 
phytic cyanobacterial species.’ Environmental selenosis has been 
reported in American coots and was characterized by muscle atrophy, 
ascites, and feather loss from the head.*° Rallidae are also frequently 
affected by environmental oil contamination (authors’ experience). 


Other Conditions 


Other conditions that also occur in cranes occasionally include egg 
retention (egg binding), prolapsed cloaca, pododermatitis, aspiration 
pneumonia, ophthalmic disorders, frostbite (toes and wattles), hypo- 
thermia, hyperthermia, dermatitis, zinc toxicity from coin ingestion, 
and insect bite hypersensitivity.”/7””” Treatment of these conditions 
in cranes is similar to that for other species. Venomous snakebites 
have been reported to occur periodically at one crane rearing facility 
in Louisiana; immediate treatment with antivenin has appeared to 
be successful in improving outcomes in these cases (authors’ experi- 
ence). Other reported pathologies include cataracts, atherosclerosis, 
chronic enteritis, postintubation tracheal stenosis, and ventricular 
and atrial septal defects in chicks.*!”! 


REPRODUCTION 


Cranes are territorial during the breeding season and generally build 
nests of sedges and other emergent vegetation in marshy areas. The 
female generally lays two eggs, and both parents share in brooding 
activities during the 30-day incubation period. Hatching takes 12 to 
24 hours following pipping. The chicks are precocial and are cared 
for by both parents. The young are often extremely aggressive toward 
their siblings, which may result in the death of one or both chicks. " 


Cranes are often monogamous for life, although new bonds often are 
established rapidly after a separation or when one member of a pair 
dies. Sandhill cranes generally form bonds when they are 2 to 3 years 
old and usually breed for the first time in the third or fourth year. 
Breeding may be delayed in captive birds if they are not separated 
from other conspecifics after pairing. In addition, aggression among 
pairs kept in a community enclosure may result in substantial injury 
and mortality. For these reasons, as soon as newly formed pairs are 
identified, they should be moved from community pens to separate 
breeding enclosures. 

Cranes often re-nest if their first clutch is lost before the middle 
of the incubation period. Removing completed clutches for artificial 
or foster incubation may increase total egg production. Captive crane 
production may be enhanced by using semen collection, artificial 
insemination, and extending the photoperiod by artificial illumina- 
tion.” Moreover, cryopreservation of crane semen has proven suc- 
cessful, with the production of apparently healthy chicks after 
artificial insemination.” 


PREVENTIVE MEDICINE 


A preventative medicine program should be developed for captive 
cranes and include an annual health examination (physical examina- 
tion, complete blood cell count, and serum biochemistries), parasite 
surveillance, control, and treatment where indicated (to limit or 
prevent parasite burdens, especially coccidia), and vaccinations as 
warranted locally to meet the specific needs of the flock. 

In North America, captive adult cranes are currently vaccinated 
for EEE virus and WNV annually after receiving an initial series as 
chicks. Equine vaccine products are commonly used, with prefer- 
ence given to killed vaccines. A 0.25 mL dose of ENCEVAC (Inter- 
vet, Inc., Millsboro, DE) given intramuscularly and repeated 3 to 4 
weeks later appears to be effective in immunizing whooping crane 
chicks against EEE virus. An annual booster is recommended.” 
Interestingly, an experiment failed to demonstrate seroconversion 
using a killed EEE vaccine in sandhill cranes; however, this species 
appears resistant to clinical disease from the virus. ””” West Nile— 
Innovator (Wyeth/Fort Dodge Laboratories, Madison, NJ), a killed 
vaccine, is shown to protect young sandhill and whooping cranes at 
an intramuscular dose of 1 mL given as a three-dose series; however, 
the sandhill cranes did not appear to seroconvert.” Booster vaccina- 
tions are given in July or early August, as the mosquito activity and 
potential spread of EEE is greatest in late summer and fall.” The 
recombinant WNV vaccine (Recombitek) has not been evaluated in 
cranes. 

The preventative program should include testing all resident, 
incoming, and outgoing cranes for IBDC antibody titers and remov- 
ing or isolating any positive birds (the disease has not been isolated 
from wild North American cranes, so it is critical to identify any 
potential carriers).”! 
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CHAPTER 20 


Columbiformes 


Zoltan S$. Gyimesi 


GENERAL BIOLOGY 


UNIQUE ANATOMY 


The order Columbilormes comprises a single family (Columbidae), 
which includes over 40 genera and 300 species of extant pigeons 
and doves. The term “pigeon” is typically used for larger species, 
whereas the term “dove” applies to most of the smaller species, 
although these terms may be interchangeable. Pigeons are believed 
to be the earliest domesticated avian species and have been used as 
a source of meat and fertilizer, as a method of long distance com- 
munication prior to the telegraph, and as a laboratory animal.””” 
Domestic columbids, including homing or racing pigeons, and the 
many varieties kept for exhibition and hobby (Figure 20-1) are 
descendants of the “urban pigeon” or rock dove (Columba livia). 

Columbiformes species have a widespread distribution found on 
every continent except Antarctica. Although many species are quite 
numerous, some of the populations inhabiting small islands are in 
danger of extinction. The dodo (Raphus cucullatus) and the passenger 
pigeon (Ectopistes migratorius) are two well-known Columbiformes 
species that have been driven to extinction by human activity. 

Pigeons and doves are typically tree-dwelling species, but some 
cliff-dwelling and ground-dwelling species occur as well. Tropical 
fruit doves spend most of their time in trees, feeding, roosting, and 
nesting there, and many other species nest in trees but forage on the 
ground. Rock doves in cities have adapted to using man-made struc- 
tures such as buildings and bridges for roosting and nesting. 


Pigeons and doves have plump, stocky bodies, small heads and 
beaks, and relatively short legs and necks. They stand on anisodactyl 
feet (three toes forward, one toe backward). They are heavily feath- 
ered and lack a lateral cervical apterium (featherless tract), which 
complicates jugular venipuncture. Some tropical species are bril- 
liantly colored or have ornamental crests or eye rings, but most 
pigeons and doves have more muted gray or brown coloring, perhaps 
with some iridescence. Males are generally larger, but gender deter- 
mination may be challenging without DNA or laparoscopic sexing, 
as most species lack sexual dimorphism. Pigeons and doves tend to 
display a simple song and exhibit a wide range of soft calls and coos. 
They possess a fleshy cere, and the beak is not hard or powerful. 
The uropygial gland is either rudimentary or absent. Waterproofing 
and maintenance of plumage relies on powder from specialized 
feathers distributed via preening.” ”" 

Pigeons and doves have a prominent crop. Under the influence 
of prolactin, hyperplasia of the crop mucosa, with subsequent crop 
milk production, occurs in both males and females during brooding 
and raising of squabs. Crop milk is a cheesy, semi-solid, nutritious 
substance derived from desquamated crop epithelial cells. A vascular 
plexus in the cervical skin, from the cranium to the crop, has numer- 
ous functions such as sexual and territorial display, thermoregula- 
tion, and possibly facilitation of nutrient and enzyme deposition 


Joh eae sane 
FIGURE 20-1 A variety of domestic pigeons exhibited at a state fair. 


during lactation.*'’* The gizzard, or ventriculus, is muscular and 
harbors ingested grit in granivorous species but is less muscular, 
more saccular, and typically devoid of grit in specialized frugivores. 
Ceca are highly rudimentary in columbids, and a gall bladder is 
absent in many genera but present in others, including Ptilinopus, 
Ducula, and Gymnophaps.'* Columbids possess a long keel that sup- 
ports a well-developed pectoral muscle mass, allowing for their 
characteristic explosive flight when taking off. 


SPECIAL HOUSING REQUIREMENTS 


Although many of the temperate species are cold hardy and may be 
housed outdoors year round in most climates, tropical columbids 
require indoor housing, at least during the cold season. Studies 
suggest that tropical fruit doves have a lower basal metabolic rate 
compared with other birds, including granivorous columbids, and 
are more intolerant of temperature extremes.” All columbids require 
shelter and protection from predators, including raptors, terrestrial 
carnivores, rats, and feral dogs and cats. Hobbyists typically maintain 
domestic pigeons in protected lofts that vary in design, depending 
on the particular requirements of the pigeon variety and the number 
of birds housed. Breeds kept for their flying abilities need ample 
room to fly freely to maintain physical conditioning and fitness. 

Despite being a peace symbol, columbids are not docile and may 
be intolerant of conspecifics or other species. Aviaries should be well 
planted to offer cover and visual barriers, and ample roosting sites 
should be provided. A variety of natural perching is ideal. New 
groups of columbids should be closely monitored for signs of aggres- 
sion. Overcrowding may lead to stress and disease. Favored roosting 
areas should be identified, and attention should be given to the 
subsequent accumulation of feces below these sites. If breeding is 
desired, a variety of species-appropriate nesting opportunities should 
be provided. Enclosures should be well ventilated but not drafty. 
Flooring may be concrete in off-exhibit holding pens or consist of a 
variety of natural substrates such as soil, mulch, and gravel in zoo 
exhibits. Columbids enjoy bathing in shallow water, so enclosures 
should include a suitable water feature. Particularly sensitive or wary 
species, newly acquired birds in quarantine, or columbids in off- 
exhibit breeding programs may benefit from more privacy; sheeting 
hung outside their aviary functions as an effective visual barrier to 
foot traffic. Similarly, padded ceilings, when feasible in smaller aviar- 
ies, decrease the risk of head trauma when birds startle and fly 
upward. 


FEEDING 


In nature, pigeons and doves feed on a wide variety of vegetable 
matter, with seeds, legumes, fruits and berries, young leaves, buds, 
and flowers forming most of the diet.**’'’* Invertebrates such 
as insects, snails, and earthworms are occasionally consumed, 
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particularly by ground-foraging species. Granivorous pigeons will 
find seeds by flicking extraneous material out of the way with their 
beak and swallowing seeds whole. Fruit doves are highly arboreal, 
capable of clinging tightly to branches as they forage and reach to 
pluck bite-sized morsels of food. Rock doves may be agricultural 
pests, but other columbid species play important roles in the disper- 
sal of the seeds of fruiting plants.” In contrast to most birds that 
need to take in water and throw their heads back to swallow, pigeons 
and doves drink actively via suction by placing their beak in water 
up to their nares. 

In captivity, granivores should be provided an appropriate, com- 

mercially available avian crumble or pellet. Columbids do not typi- 
cally eat finely ground feeds. When necessary, birds may be 
conditioned to eat pellets by soaking them in fruit juice or offering 
a formulation that is brightly colored. Pelleted feeds are often com- 
bined with a variety of seeds and legumes, diced vegetables and fruit, 
and cultivated insects. Complete formulated diets are readily avail- 
able for domestic pigeons, and nutritional requirements have been 
reported elsevvhere.””””” For frugivorous doves, a higher proportion 
of chopped fruits and berries are offered. The fruit dove diet may 
also be supplemented with nectar. Species more prone to iron over- 
load may benefit from a ration lower in iron and vitamin C and 
supplemented with dietary tannins. Husbandry staff should be aware 
that captive fruit doves have a tendency to accumulate soft foods on 
the beak and feathers around the mouth. Rations may need to be 
fortified with vitamin and mineral supplements, particularly calcium, 
as seed, fruit, and insect diets are typically not complete in 
themselves. 
Multiple feeding stations should be offered at various perch 
levels, even on the floor if necessary, to allow subordinate animals 
to feed. Positioning food and water bowls under roosting sites should 
be avoided. Food bowls may be swarmed by ants in aviaries and may 
impact feeding. This may be managed with shallow water moats and 
pest control practices. 


RESTRAINT AND HANDLING 


Exotic pigeons and doves maintained in large aviaries may be con- 
ditioned to feed at food stations within smaller catch pens to facilitate 
trapping. Birds in small pens or aviaries may be captured for exami- 
nation by using soft mesh nets. Dimming the lights prior to capture 
may decrease panic and “fright flights” and facilitate a smoother, safer 
catch. Exotic pigeons and doves have a tendency to drop contour 
feathers as an adaptation to avoid capture by a predator. Quick 
decisive captures, covering the head, and using a soft towel wil 
decrease struggling, and minimize the risk of injury and feather loss. 
The wings should be folded and secured close to the body during 
manual restraint and examination (Figure 20-2). The duration of 
restraint events should be minimized. Placing columbids in padded, 
darkened crates is ideal for birds in need of being transferred to other 
locations. Capture and handling of domestic varieties are typically 
easier on both the handler and the bird, as they tend to be more 
accustomed to close observation and manual manipulation. The 
beak and feet of columbids do not pose a danger to handlers. 


> 


ANESTHESIA 


As in most avian species, inhalant anesthetic agents such as isoflu- 
rane or sevoflurane via a non-rebreathing system are preferred for 
induction and maintenance of general anesthesia. Prior to certain 
procedures, a surgical plane of anesthesia should be reached, as 
painful stimuli may induce powerful wing flapping that risks injury 
o the bird. As with other birds, respiratory rate and depth must be 
constantly monitored. For surgical procedures, endotracheal intuba- 
tion is recommended to better control the airway. With small 
patients, clinicians should be mindful of kinking or obstruction of 
he endotracheal tube lumen by secretions or lubricant. 

Injectable protocols are rarely indicated but ketamine at 20 to 50 
milligrams per kilogram (mg/kg), alone or combined with diazepam 
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FIGURE 20-2 One-hand restraint of a Mariana fruit dove (Ptilinopus 
roseicapilla). 


FIGURE 20-3 Beak trauma in a beautiful fruit dove (Ptilinopus 
pulchellus). 


(0.5-1.0 mg/kg) or xylazine (2.0 mg/kg), intramuscularly (IM), 
intravenously (IV), or intraosseously (IO) has been reported.1””. 
Medetomidine, by itself or combined with other drugs, may yield 
variable results and profound bradycardia and bradypnea. “7 


SURGERY 


Surgical procedures and approaches are similar to those in other 
birds of comparable size; however, the relatively long keel in colum- 
bids may complicate surgical access to some coelomic organs. 
Because of their tendency to launch into explosive flight when threat- 
ened, beak (Figure 20-3) and head injuries are not uncommon. 
Despite the presence of a cervical vascular plexus, a pedicle advance- 
ment flap from the dorsal cervical skin is still a viable option for 
cases of head trauma when the skull is exposed (Figure 20-4).'° Hens 
with dystocia or salpingitis not responding to medical management 
may require exploratory laparotomy. As with other captive birds, the 


most commonly seen leg fractures tend to involve the tibiotarsus. 
Stabilization of these fractures may require both internal fixation and 
external coaptation. 


DIAGNOSTICS 


General anesthesia is often indicated to facilitate safe and thorough 
physical examination, radiography, and sample collection. Jugular 
venipuncture is possible but complicated in columbids because o 
the pigmentation of the skin, the presence of the vascular plexus, 
and the lack of a featherless tract. The combination of patience, good 
lighting, and dampening of the cervical plumage with isopropy 
alcohol allows for phlebotomy from the right jugular vein in mos 
species. Other options for blood collection include the basilic (wing) 
veins, which are visible in the medial elbow region, and the media 
metatarsal veins; however, these sites typically yield a lesser volume 
compared with the jugular vein and post-phlebotomy hemostasis 
may be prolonged. Blood values for selected species are included in 
Table 20-1. 

Swabbing of the crop with saline-moistened cotton-tipped appli- 
cators followed by microscopy is a routine method for screening for 
Trichomonas gallinae. Similarly, cytologic evaluation of crop and 
cloacal swabs may be performed to evaluate bacterial and fungal flora 
present. Combined conjunctival—choanal—cloacal swabs for molecu- 
lar testing are recommended as a component of Chlamydophila psit- 
taci screening. 


INFECTIOUS DISEASES 


Table 20-2 summarizes selected infectious diseases in columbids. 


Bacterial Diseases 


Free-ranging Columba livia are known to be carriers of Chlamydophila 
psittaci; however, fortunately, the genotype most prevalent in pigeons 
tends to exhibit low virulence and relatively low zoonotic risk poten- 
tial.°°8°! Morbidity and mortality, as well as shedding of Chla- 
mydophila, increase in pigeons when infected concurrently by other 
pathogens. Flock treatment of infected zoo birds has been described. ° 
Columbids are susceptible to fatal Salmonella infections, specifically 
the Typhimurium var. Copenhagen strain of Salmonella enterica is a 
major disease issue in Columba livia. 2102521253 Mycobacteriosis is 
not uncommon in zoo columbids, and infections may be widely 
disseminated by the time a diagnosis is made. Other bacterial agents 
reported to cause disease in columbids include Escherichia coli, Pas- 
teurella, Haemophilus, Pseudomonas, Klebsiella, Clostridium, Yersinia, 
Streptococcus, Staphylococcus, and Mycoplasma.*'??*?!* 


Fungal Diseases 


Candida albicans is considered a commensal organism in the gastro- 
intestinal (GI) tract of columbids but is an opportunistic pathogen. ° 
With stress, disease, immunosuppression, and long-term antimicro- 
bial therapy, yeast overgrowth may occur and lead to morbidity and 
mortality if left untreated. Aspergillosis occurs in columbids, typi- 
cally following inhalation and, less commonly, ingestion of the sap- 
rophyte. Cryptococcosis has been reported rarely in pigeons and 
doves and may initiate granuloma formation in invaded tissues. 7505 
Given the zoonotic risk and poor prognosis, euthanasia should be 
considered for confirmed cases. Zoonotic potential also exists follow- 
ing human exposure to fungi that may concentrate in pigeon guano, 
including Cryptococcus, Histoplasma, Blastomyces, and Candida.” 


Viral Diseases 


Columbids are susceptible to strains of both Newcastle disease and 
a distinctly separate strain of paramyxovirus type 1 (PMV-1), which 
causes severe neurologic signs in pigeons and doves and yet is only 
mildly pathogenic to poultry! Pigeonpox is transmitted through 
arthropods and contact with infected birds and may lead to the 
development of debilitating lesions. Pigeon circovirus infections tend 
to induce immunosuppression and secondary infections; feather loss 
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Head trauma and skull exposure in a Papuan mountain pigeon (Gymnophaps albertisi) 
and treatment via surgical debridement and dorsal cervical single pedicle advancement flap. A, The 
pigeon on presentation. B, Appearance after anesthesia, regional plucking, and debridement. The initial 
repair failed due to graft necrosis. C, Second attempt 1 week later resulted in a successful outcome. 


or feather dystrophy are rare.” ”” Herpesvirus infections may cause 
conjunctivitis, respiratory signs, pharyngitis, and esophagitis in 
affected birds.” 7-17) Young birds are most susceptible to clinical 
herpesvirus and adenovirus infections. Pigeons appear to be resistant 
to West Nile virus encephalitis and to both high and low pathogenic 
strains of avian influenza virus.”" 


See Table 20-2 for selected parasitic diseases in columbids. Tricho- 
moniasis, caused by the protozoan parasite Trichomonas gallinae, is a 
worldwide disease entity in wild and captive pigeons and doves.*”! 
The severity of the disease depends on the virulence of the strain, 
he immune status of the bird, and the magnitude of debility from 
concurrent diseases. Clinical coccidiosis and Hexamita columbae 
infections tend to occur in juvenile pigeons.'?'?**?! Sarcocystosis 
may cause an acute fatal pneumonia in Old World columbids, and 
morbidity and mortality associated with this parasite make it impor- 
ant to protect collection birds from contact with roaming opossums 
(Didelphis virginiana) and their feces (Figure 20-5).°**”? Other pro- 
ozoa that may infect columbids include Toxoplasma gondii” and 
Cryptosporidium,’ as well as several genera of hemoprotozoa, includ- 
ing Haemoproteus, Plasmodium, and Leucocytozoon. 1717289135 Leuco- 
cytozoon has been shown to affect survival in endangered juvenile 
Mauritius pink pigeons (Columba mayeri).. 
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Pulmonary edema, histioeytic inflammation, and intra- 
vascular elongated protozoal meront vvith zoites (Sarcoeystis sp.) in 
the lung of a magnificent fruit dove (Ptilinopus magnificus) (H&E stain, 
x1000). (Courtesy of Rita McManamon.) 
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TABLE 20-1 


Parameter 


Jambu Fruit Dove, 
Ptilinopus jambu 


Mauritius Pink Pigeon, 


Columba mayeri 


Nicobar Pigeon, 
Caloenas nicobarica 


Victoria Crowned Pigeon, 
Goura victoria 


Erythrocytes (x105/uL 


3.32; 2.52-4.14 (50) 


3.46, 2.07-4.74 (100) 


2.44; 1.64-3.22 (64) 


Hematocrit (%) 


50.3; 37.6-62.1 (190) 


48.9; 36.8-61.0 (246) 


49.3, 36.8-59.0 (417) 


37.7, 27.6-47.7 (222) 


Hemoglobin (gm/dL) 
Leukocytes (x10°/uL 


14.2 (36) 


8.99; 2.04-23.33 (188) 


15.8; 8.9-23.4 (85) 


11.21: 2.22-28.42 (227) 


16.4; 11.3-22.4 (108) 


10.80: 3.12-25.26 (391) 


13.5, 9.3-17.6 (82) 
14.40; 3.61-34.21 (211) 


Heterophils (x105/uL 


3.04; 0.69-8.50 (183) 


3.24; 0.44-8.98 (220) 


5.29; 0.99-12.82 (388) 


6.48; 0.96-15.99 (210) 


Lymphocytes (x10°/uL) 


4.64, 0.43-13.50 (186) 


6.43; 0.98-19.38 (227) 


4.40, 0.75-12.25 (389) 


6.06; 0.79-18.62 (208) 


Eosinophils (cells/uL 


317; 0-808 (111) 


399; 0-1046 (104) 


196; 42-562 (130) 


340; 0-824 (88) 


Monocytes (cells/uL) 


495; 41-1838 (156) 


595; 53-1979 (188) 


668; 55-2233 (337) 


1109; 87-4125 (179) 


Basophils (cells/uL) 


328; 0-834 (88) 


200; 0-468 (78) 


237, 39-639(181) 


361; 0-863 (103) 


Glucose (mg/dL) 


264; 162-370 (128) 


300; 185-405 (185) 


260; 188-341 (324) 


309; 212-412 (164) 


Uric acid (mg/dL) 


0.9; 2.8-22.8 (133) 


6.3; 1.5-15.1 (213) 


6.2: 1.9-13.3 (346) 


5.0; 1.1-12.3 (173) 


Calcium (mg/dL) 


8.4; 5.5-10.7 (119) 


9.7; 6.8-13.2 (189) 


9.3; 7.2-11.9 (312) 


0.3; 8.4-13.3 (163) 


Phosphorus (mg/dL) 4.7, 0.0-8.7 (102) 4.0, 0.6-9.5 (153) 3.3, 1.1—7.5 (250 5.3; 2.0-9.9 (149) 
Sodium (mEq/L) 56; 135-179 (74) 157; 139-175 (97) 153; 140-176 (181) 55; 138-171 (117) 
Potassium (mEq/L) 2.3; 0.5-4.0 (74) 2.7; 0.7-4.5 (93) 2.8; 1.3-4.8 (180 4.4; 3.0-6.6 (121) 
Chloride (mEq/L) 17; 98-137 (46) 115; 98-133 (72) 116, 104-130 (151) 14; 102-126 (88) 
Total protein (gm/dL) 3.6; 1.9-5.2 (114) 4.4; 2.5-6.6 (204) 3.5; 2.3-5.3 (305 3.7, 2.4-5.2 (140) 
Albumin (gm/dL) 2.2; 0.0-4.3 (81) 2.0, 0.8-3.9(124) 1.6; 0.8-3.2 (228 .7, 0.8-2.6 (130) 
Globulin (gm/dL) .6, 0.0-3.6 (61) 2.1; 0.0-4.6(124) 1.8; 0.0-3.1 (222 9; 0.6-3.2 (113) 
Alk Phos (IU/L) 83; 0-409 (46) 118; 0-277 (75) 95; 19-302 (163) 45; 0-117 (91) 

AST (IU/L) 289; 71-594 (136) 170; 41-443 (194) 133; 41-318 (340) 54; 69-311 (168) 
CK (IU/L) 473; 0-3228 (81) 602; 154-1747 (141) 431; 79-1329 (278) 515; 127-1415 (128) 


Cholesterol (mg/dL) 


308; 116-496 (54) 


385; 218-543 (102) 


333; 226-476 (209) 


79; 100-256 (108) 


*Blood values are listed as the mean followed by the reference interval using conventional American units (sample size in parentheses). No reference 
interval is provided for hemoglobin in Jambu fruit doves due to an insufficient sample size. 
Alk Phos, Alkaline phosphatase; AST, aspartate aminotransferase; CK, creatine kinase; g/dL, gram per deciliter; mEq/L, milliequivalent per liter; mg/dL, 
milligram per deciliter; L, microliter; /U/L, international unit per liter. 
From Teare, JA, ed: 2013, ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, 
Bloomington, MN. The compiled data include no selection by gender and all ages are combined. Birds included were classified as healthy at the time of 


sample collection. 


Nematodes reported to occur in pigeons include Ascardia colum- 
bae, Capillaria spp., Ornithostrongylus spp., Syngamus trachea, as well 
as two spirurid parasites, Dispharynx and Tetrameres.'?’??'* With 
Dispharynx and Tetrameres, which are proventricular worms, ante- 
mortem diagnosis and management may be difficult. Cestode and 
trematode infections are more seldom observed. Ectoparasites 
reported in columbids include pigeon flies (hippoboscids), lice, 
mites, and more rarely, sticktight fleas'’ and ticks.”! 


NONINFECTIOUS DISEASES 


Morbidity and mortality from traumatic injuries is very common in 
captive columbids, ` likely related to their inclination to fight with 
aviary-mates during the reproductive cycle and their tendency to 
launch into sudden flight when frightened. Neoplastic disease is 
occasionally seen in older birds, and a variety of neoplasms have 
been observed.” Dystocia and yolk coelomitis occasionally occur 
in hens. Fruit doves (Ptilinopus spp.) and imperial pigeons (Ducula 
spp.) are more prone to hepatic or multisystemic hemosiderosis; 
however, hemochromatosis is rare.””” 


TOXINS 


Benzimidazole anthelmintics such as albendazole and fenbendazole 
should be used very cautiously with columbids, if used at all. Toxi- 
cosis is dose related, and these drugs have been demonstrated to 
cause damage to developing feathers, weight loss, intestinal mucosal 


damage, bone marrow hypoplasia, leukopenia, and death. ” A wide 
variety of toxins may affect free-ranging pigeons and doves. ’'* Some 
wild Columbiformes species have been studied as indicators of envi- 
ronmental pollution, as they are known to bioaccumulate heavy 
metals such as lead, cadmium, copper, and zinc in their bones, soft 
tissues, and feathers.” “”” 


REPRODUCTION 


Columbiformes species form monogamous pairs, at least seasonally. 
Nests typically consist of a platform or a shallow cup made with 
twigs and dry stems and tend to be loose and flimsy in construction; 
however, some species do build stronger and more substantial nests. 
In nature, most species are solitary nesters, but some such as the 
Nicobar pigeon (Caloenas nicobarica) nest in colonies. One or two 
eggs are typically laid per clutch. Both sexes incubate the eggs and 
develop marked mucosal hyperplasia of the crop during brooding in 
preparation for feeding the young. Incubation times range from 10 
to 30 days, depending on species.”””” Squabs are altricial, and crop 
milk is the primary food for the first 7 to 10 days of life.” Gradually, 
it is mixed with the adult diet as it is regurgitated to developing 
nestlings and fledglings. Crop milk is a holocrine secretion consisting 
of 50% dry-matter (DM) protein (sloughed epithelial cells), 45% DM 
fat (lipid droplets), and negligible carbohydrates (no lactose).’ It is 
easily digestible and is also an important source of immunoglobulins. 
This energy-dense food is responsible for the rapid growth and short 
fledging times (10-40 days) observed in columbids.””” Pigeons and 
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doves exhibit high fecundity, and the relatively short time investment 
in incubating and raising a clutch allows hens to recycle and produce 
multiple broods each breeding season. Eggs may be artificially incu- 
bated at temperatures between 37.2° C and 37.5? C;’' however, 
successful hand-rearing of hatchlings remains a challenge. 


PREVENTIVE MEDICINE 


Effective preventive health programs begin with sound, “all-in, all- 
out” quarantine practices. A minimum of 45 days quarantine length 
has been recommended for newly acquired columbids, as in psit- 
tacines. Screening for Chlamydophila and Trichomonas, along with 
other infectious agents and parasites, is indicated during this period. 
Newly acquired columbids or birds that have been moved to new 
aviaries should be closely monitored for signs of social dysfunction 
or maladaptation and anorexia. Birds should be individually identi- 
hed with colored leg bands with or without implanted microchips. 
High-quality and complete nutrition, attention to hygiene, and 
appropriate housing and husbandry are critical. Birds should be 
protected from predators and from vectors of disease, and a fecal 
testing program should be in place to monitor for endoparasitism. 
Sick birds should be isolated, and complete necropsies with histo- 
pathologic examination should be performed on deceased birds. 
Although seldom applied to exotic columbids in zoological parks, 
commercial vaccines are available for domestic pigeons against 
certain infectious agents, including poxvirus, PMV-1, and Salmonella. 
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CHAPTER 1 


Psittaciformes 


J. Jill Heatley and Juan Cornejo 


GENERAL BIOLOGY 


Psittaciformes is a homogeneous order of over 350 extant species of 
parrots grouped in about 84 genera. ” The three superfamilies consist 
of Strigopoidea, which includes the kakapo (Strigops habroptilus), the 
kea and the kaka (Nestor spp.); Cacatuoidea, which includes the 
black and white cockatoos (Cacatuoidea, Calyptorhynchinae, and 
Cacatuinae), and the cockatiel (Nymphicinae, 1 sp.); and Psittacoi- 
dea, which comprises the remaining 326 species.”””” Parrots are 
found mainly in the tropical and subtropical regions of the Southern 
Hemisphere, with the greatest diversity in the New World and Aus- 
tralia. Most parrots are diurnal and arboreal. Common habitats 
include moist forest, woodland, and savanna; few species prefer open 
areas. Their bright colors, mimicry ability, and charisma have made 
parrots popular in captivity for centuries. In part because of this 
popularity and in part because of loss or degradation of their habitat, 
parrots are the most endangered birds in the world. At least nine 
species have become extinct since 1600, over 25% of the extant 
species are listed as threatened, and an additional 11% are listed as 
near threatened.” 


UNIQUE ANATOMY 


The most remarkable anatomic characteristic of the parrots is their 
broad, hooked bill and the complex associated musculature. The 
upper mandible is prominent and down-curved and fits over the 
broad shorter up-curved lower mandible. The upper mandible artic- 
ulates with the skull, allowing extensive movement of both mandi- 
bles and an increased biting pressure. Most Psittaciformes species 
have a thick, muscular tongue, which, when used in combination 
with the bill, is an effective tool to manipulate and process food. In 
the subfamily Loriinae (lories and lorikeets) the tongue tip is further 
modified with erectile dermal papillae for gathering nectar and 
pollen. Parrots have short tarsi and zygodactyl (yoke-toed) feet, and 
he first (hallux) and fourth toes orient posteriorly, as an adaptation 
or climbing trees and manipulation of objects. The head is propor- 
ionally large and broad, the neck is short, and the ceca are vestigial 
or absent. Most species have brightly colored plumage, and only a 
ew species have sexual dimorphism, apparent to the human eye. 
Juvenile parrots often have slightly dull plumage and a darker iris 
compared to adults. Parrots vary widely in size, from the Hyacinth 
Macaw (Anodorhynchis hyacinthinus) reaching 100 centimeters (cm) 
o the flightless Kakapo weighing up to 3 kilograms (kg) to the 8-cm 
10-gram (g) pygmy parrots (Micropsitta spp.). The superfamily Caca- 
tuoidea is distinguished by the presence of a gall bladder, the super- 
ficial position of the left carotid artery, the ossified orbital ring in the 
skull, the absence of blue and green plumage colors, and the pres- 
ence of a movable feathered crest.”””” 


SPECIAL HOUSING REQUIREMENTS 


Because of their powerful beaks and propensity to chew, parrots are 
best housed in metal enclosures. Galvanized box wire mesh of 1 x 
1 inch is an option for many species; however, some of the larger 
macaws and cockatoos require more secure welds, and may be able 
to navigate complex locking systems. New galvanized wire should 
be washed with a 1:10 vinegar solution and rinsed with water to 
remove the deposits of zinc that are likely to be toxic. Young or small 
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birds with bills that fit into mesh of this size may be more at risk of 
toxicity when this type of enclosure is used. 

Except in large aviaries, it is difficult to maintain live plants in 
parrot enclosures. A soft substrate such as bark chips, sand, or soil 
is best, as it can be easily cleaned and dried to avoid fungal over- 
growth. Suspended cages that limit access to feces or discarded food 
are a popular option for housing breeding pairs. Most parrots are 
not cold hardy and should not be kept below 50°F (10° C) without 
supplemental heat. Acclimatization may facilitate the parrot to toler- 
ance of approximately 30°F (0° C) for short periods, with protection 
from the elements during inclement weather. Daily access to fresh 
air and sunlight are highly recommended for the health and well- 
being of these species and to promote good bone density and feather 
quality. To fulfill their enrichment and chewing needs, parrots should 
also be provided with a regular supply of fresh branches to minimize 
damage to the perches and live plants in their enclosures. See Table 
21-1 for breeding parameters of common species in North American 
ZOOS. 


FEEDING 


In the wild, most parrots consume a variety of plant-based diets 
(seeds, fruits, buds, bark, roots, flowers, nectar) that include occa- 
sional insects and are generally classified as herbivores.” Field 
conditions make determination of food sources and quantification 
of food consumption challenging. Thus, little information on the 
nutritional content of wild adult parrot diets exists"! despite an 
increasing volume of research on the nutrition of captive Psittaci- 
formes, "11:16.2.38.30733:44:45.30:375861 Because of a lack of complete 
understanding of nutritional requirements for growth and mainte- 
nance in captive parrots, malnutrition is still one of the main con- 
cerns in the care and propagation of this group, and providing 
nutritionally adequate diets remains a serious concern "7771598 
Parrot diet formulation must account for caloric density, as this 
determines how much food the bird will eat and, thus, the amount 
of each nutrient consumed.” For this reason, diets of free-ranging 
parrots will tend to be deficient if extrapolated to captive birds. Most 
recommended diets for Psittaciformes are based on studies on 
poultry modified by research for small granivorous species (budgeri- 
gars, Melopsittacus undulatus, and cockatiels, Nymphicus hollandicus), 
therefore, it is unlikely that they adequately model all the dietary 
requirements of the diverse members of the order. 

Traditional diets of captive parrots have been seed based. Most 
commercial seeds are high in fat; have a low calcium-to-phosphorus 
(Ca:P) ratio; and low levels of Ca, P sodium (Na), zinc (Zn), iron 
(Fe), lysine, and vitamin A, based on metabolic energy needs.”””” 
Thus, deficiencies of these nutrients are common in captive 
parrots.*”° The addition of fruits and vegetables to a seed mix will 
not always result in a complete and balanced diet, as parrots will 
preferentially consume high-energy seeds.” 7777” Formulated pro- 
cessed diets available from many manufacturers provide the best 
available option for complete nutrition. To fulfill parrots’ environ- 
mental enrichment needs, these diets may have up to 25% fresh 
low-energy-density vegetables and fruits added and still be within 
recommended dietary ranges.”””” Lories and lorikeets (Loriini) have 
unique anatomic adaptations to feed on nectar and pollen, and their 
diet in captivity should ideally be liquid.'**° Several nectar products 
are commercially available to provide parrots with complete 
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nutrition, and fruits and vegetables may be added to provide diver- 
sity and enrichment. 


RESTRAINT AND HANDLING 


Capture of parrots in large enclosures may be challenging. Training 
birds to station, target, load into carriers, or present at the side of 
he cage is recommended to facilitate examination and preventive 
medical procedures. Otherwise parrots may be netted or restrained 
initially with a towel. Nets with mesh size smaller than the birds 
head and feet to lessen the risk of entanglement, a net hoop that is 
wide enough to cover the entire animal, and a net with fabric that 
is long enough to allow the bird to be secured into the bottom by 
olding over (locking) of the net should be chosen. Once the birds 
are captured, two handlers are required to extract large parrots from 
he net while avoiding the claws and bill. 

Physical restraint and handling are acceptable in most parrot 
species. Even the largest of parrot species may be adequately 
restrained by two people with appropriate handling skills. Correct 
methods for handling Psittaciformes include aspects that limit the 
ikelihood of damage to the handler, the examiner, and the patient. 
For handler protection, the patient should be held in such a way as 
o not be injured by the bill and the claws. The keel should be 
allowed to move freely for respiration, the wings held to the side of 
he body to avoid damage to the appendages, and the feet adequately 
restrained to allow easy examination. Generally, a complete ring 
made with the thumb and the forefinger and placed below the man- 
dible allows for neck extension and good restraint while allowing 
excellent airflow to the bird’s respiratory system. No attempt should 
be made to restrain parrots by gripping the lateral aspects of the 
mandible, as the delicate bones in this area as well as the tissues of 
he bare facial patch on some parrots may be seriously damaged. The 
bill, which has approximately 400 pounds or greater of bite force in 
some species, cannot be adequately restrained by using this method. 
Insertion of the thumb or other digit into the gular area beneath the 
mandible of the beak for extension of the head is also not recom- 
mended, as the glottis may be, inadvertently, obstructed in this 
manner. In small parrots, the entire body may be cupped in the palm 
of the hand, while the head, held between the index and middle 
finger, is extended to allow adequate restraint. The birds body 
should always be supported. The overlapping signet ring formation 
of the trachea allows fairly firm restraint in this manner without risk 
of tracheal collapse. 

Although some may prefer lightweight leather gloves for field 

work with parrots, these provide little protection from the crushing 
force of the bill. Similarly, a towel only provides a “hide” or foil for 
the holders’ hands, much like the cape of a matador. Ear plugs are 
also recommended if the parrot is anticipated to be so loud that the 
staff must raise their voices to communicate during examination to 
avoid damage to the human auditory system; even parrots that are 
quite small, for example, the sun conure (Aratinga solstitialis), may 
emanate sound meant to be heard over long distances. 
Much work has been accomplished lately in these intelligent 
species on positive reinforcement training for a variety of medical 
examinations and procedures. Birds have been trained to target, 
station, load into carriers, and accept medications from syringes and 
intramuscular injections. Whenever possible, these techniques 
should be incorporated into the daily care and enrichment of Psit- 
taciformes to reduce stress and increase veterinary ability to provide 
medical care without undue stress to the patient. 

Sedation of Psittaciformes species with midazolam and butorpha- 
nol, which may be given intranasally (IN) or intramuscularly (IM), 
has become popular for use with companion parrots and has also 
been used in the zoo setting.” Based on the tolerance of different 
species to these drugs, it is advisable to begin with a low dose and 
to have reversal drugs available. Additional medications used for 
pain control in these species include meloxicam, carprofen, and 
tramadol. For anesthesia, induction with sevoflurane or isoflurane 
via a face mask is most commonly used; Generally, parrots are not 


intubated for short-term anesthesia (<20 minutes); an uncuffed 
endotracheal tube is used if intubation is necessary. Fasting to ensure 
an empty crop is recommended prior to anesthesia induction. Parrots 
may also be intubated through other air sacs when access to the oral 
cavity, bill, or trachea is desired for surgery. Excellent reviews of avian 
anesthesia, applicable to parrots, may be found elsewhere.” 


SURGERY (COMMON AND 
SPECIAL CONSIDERATIONS) 


Common surgical procedures include endoscopy for internal exami- 
nation, gender determination, and biopsy. Tumor removal, bill repair 
or restructuring, amputation or other orthopedic repair, and repro- 
ductive system surgery are also common. Surgical approaches should 
be tempered by constraints of patient positioning to allow free keel 
mobility and observation. Additionally, surgical preparation and 
perioperative care should incorporate techniques to avoid excessive 
heat loss and to provide heat supplementation, for example, minimal 
feather removal, use of noncooling or warmed liquids, and transpar- 
ent draping. Flammable liquids as preparatory agents must be 
avoided when electrosurgical, radiosurgical, or laser surgical tech- 
niques are used. 

Foreign body removal is often an indication for veterinary inter- 
vention. However, in parrots, alternatives to exploratory coeliotomy 
should be considered, as proventriculotomy, ventriculotomy, and 
enterotomy are not without risk of morbidity and mortality. In many 
cases, flexible or rigid endoscopy, accompanied by ingluviotomy if 
necessary, is a reasonable alternative approach for foreign body 
removal; use of neodymium magnets embedded in the end of flexible 
ubing for removal of metal objects has also been successful as a less 
invasive, although blind, method if fluoroscopy is not available. 
Because of the tough ventricular koilin lining and the very muscular 
ventriculus, foreign objects that are not obstructive may not need 
removal, as they will be disintegrated slowly by normal GI action 
and motility. However, this same action often results in continuing 
oxic insult and blood accumulation if the object contains lead, zinc, 
or copper. 

As neoplasms are not uncommon in these long-lived species, 
umor removal should be followed up with histopathologic examina- 
ion to provide an appropriate standard of care for parrots. 
Principles for surgical approach, orthopedic repair, and amputa- 
ion of pelvic and thoracic limbs to be used in parrots have been 
published.” Many captive parrots do well with coaptive or conserva- 
ive management of thoracic and pelvic limb injuries as flight and 
ull talon function are not required for eating and perching. Surgery 
o limit flight is not recommended in these species because of their 
ongevity and predisposition to atherosclerosis and obesity. Surgery 
or repair of the bill is challenging because of the numerous functional 
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joints and fragile bones in this area. Computed tomography (CT) is 


recommended prior to bill surgery to determine the best approach 
or surgical correction. Correction of bill malformation in these 
species (scissor bill, mandibular prognathism) is best attempted 
when the birds are young.” Many parrots with complete or partial 
loss or malformation of the upper or lower bill may adapt to feeding 
and maintain normal body weight and social bonds. 

Reproductive surgery is a common concern in female parrots 
which produce too many eggs. Some parrots may lay eggs until total 
body calcium stores become depleted, resulting in pathologic frac- 
tures, tetany, and paresis. Salpingohysterectomy does not guarantee 
cessation of ovulation, and ovary removal is challenging because 
of proximity to the adrenal gland, the cranial pole of the kidney, 
and local vessel anatomy. Hormonal modulation via synthetic 
gonadotropin-releasing hormone (GnRH) agonists may decrease 
reproductive organ activity, facilitating surgical intervention or negat- 
ing the need for surgical intervention. However, environmental 
factors, species factors, and individual patient factors all affect repro- 
ductive activity, so treatment and environment should be modified 
accordingly for best patient outcome. 


Surgery for cloacal prolapse is common for Cacatua spp. Although 
surgical reduction of vent aperture or tacking of the extruded cloaca 
may reduce the prolapse in the short term, hormonal and inappro- 
priate physical stimulation of the birds and the inappropriate 
bonding behavior of keepers or owners may result in breakdown of 
his repair, which is associated with morbidity and mortality. 
Surgery alone will not often repair a behavioral, hormonal, and 
usually longstanding, problem. Because the cloaca is the nexus of 
hree different systems, cloacal prolapse may involve not only the GI 
ract but also the urinary and reproductive tracts. Care should be 
aken to discern which aspects of these systems are prolapsed prior 
o attempting surgical repair and to counsel the primary caretaker 
o correct any behavioral problems prior to attempting this non- 
emergency surgery. 


OTHER PHARMACEUTICALS 


Numerous pharmaceuticals are of use in Psittaciformes. Pharmaco- 
logic concerns in parrots include regurgitation (in macaws) after 
administration of trimethoprim sulfa and upon recovery from isoflu- 
rane or sevoflurane anesthesia. Birds should be allowed to regurgitate 
without restraint to avoid aspiration. Doxycycline, a drug commonly 
used in Psittaciformes to treat chlamydial infection, is an effective 
chelator; however, administration of supplemental calcium should 
be considered in young growing birds or possibly in hypocalcemic 
hens when using this drug. Administration of long-acting topical 
steroids such as triamcinolone, commonly available for use in com- 
panion mammals, or long term administration of systemic steroids 
are not recommended for use in parrots, as they may cause over- 
whelming fungal infection and mortality. Although pharmacotherapy 
is often used in an attempt to control feather-destructive behavior, a 
full diagnostic workup is necessary to rule out medical causes and 
o assess baseline health status prior to administration of behavioral 
modification drugs. In-depth assessment of the enrichment needs 
of the parrot patient, prior to drug administration, is also highly 
recommended. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Physical examination of parrots should progress in a manner similar 
o that in other species. However, observational examination should 
proceed prior to physical examination to avoid unexpected patient 
death resulting from physical restraint. Parrots often mask signs 
of illness until decompensation is near total and mortality is 
impending. Therefore, when severe clinical signs of illness are 
apparent on observational examination, full physical examination 
may be forgone in the critical patient to preserve life via critical 
supportive therapies such as provision of warmth, oxygen, and 
luids; administration of antibiotics; and pain control. After patient 
stabilization, a more complete physical examination may be per- 
formed on the live parrot. 

Physical examination should progress in a timely manner, and 
sometimes a stepwise physical examination with periods of rest for 
he patient may be indicated. Based on observational examination of 
he patient, if the neurologic, respiratory, and musculoskeletal 
systems of the patient appear to be in order, physical examination 
generally proceeds from head to toe as with companion mammals. 
Special attention should be given to examination of the choanal 
papilla; symmetry; body condition; auscultation of the lungs, air 
sacs, and heart; palpation of the pulse and assessment of venous 
refill time on the wing; hydration; and the ventrum of the feet. 
Examine the vent for mucous membrane roughening associated with 
papillomas. Grip and strength of the bill and feet and the withdrawal 
response of the limbs, as well as joint mobility, should be assessed. 
Coelomic palpation in most parrots will reveal a concave conforma- 
tion, and the ventriculus is often palpable. The jugular apteria and 
ears should also be assessed, as trauma is often obscured until the 
feathers are parted to observe the transparent skin and subcutaneous 
tissues. Feathers should be observed for stress lines, fractures, or 
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color changes, and the bill should be assessed for weakness or over- 
growth. The uropygial gland, present in most parrots but absent in 
Amazona and Anodorhynchus spp., should be visualized and 
palpated. 


DISEASE 


Common infectious diseases of concern are listed in Tables 21-2, 
21-3, and 21-4. Few bacterial diseases of parrots are transmissible 
o man, but infection with Chlamydia spp. is the most important 
exception. Clostridial infection, pasteurellosis, and multiple gram- 
negative bacterial infections are of most immediate concern for 
parrot health, as they may lead to rapid sepsis and acute death. 
Mycobacterial disease is not uncommon in parrot species; zoonotic 
potential, challenging assessment and diagnosis, and the necessary 
prolonged multidrug therapy often result in euthanasia of these 
patients. Salmonella spp. as well as methicillin-resistant Staph- 
ylococcus aureus and other multidrug-resistant bacteria may be 
carried by parrots, and although morbidity is likely in the avian 
patient, concern with regard to infection is primarily based on 
zoonotic potential. Numerous bacteria with possible human patho- 
genicity have now been cultured from apparently healthy captive 
and free-living parrots.” Similarly, normal flora of humans may 
pose some risk to the health of parrots.° Bacterial diseases of particu- 
lar significance to both parrot and human health are listed in 
Table 21-2. 

Viral diseases of most concern for parrots are given in Table 21-3. 
For more complete information, excellent texts are available.” Avian 
influenza virus, Newcastle's disease virus (paramyxoviruses), psitta- 
cinepox virus, West Nile virus (VVNV), and avian adenovirus rarely 
cause disease in Psittaciformes. 

Most fungal diseases of concern for parrots are associated with 
poor husbandry or other causes of immune system suppression (see 
Table 21-4). Free-living parrots in their native habitat are attacked 
by numerous parasites, which appear unable to complete their life- 
cycle in North America. Sarcocystosis and toxoplasmosis are diseases 
of importance, and hemoparasites, Giardia or Hexamita, ascarids, red 
mites, Eimeria, keds, lice, and Knemidokoptes are parasites of most 
concern in parrots in zoologic collections. Table 21-5 lists parasites 
of most concern for zoologic collections and those that are popula- 
tion limiting in free-living parrots. 

Noninfectious diseases of concern in parrots are mainly related 
to husbandry and nutritional issues, although endocrine and neo- 
plastic diseases also occur. Feather-destructive behavior is a common 
problem in captive parrots. With this syndrome, it may be very 
challenging to elucidate the medical or behavioral cause; and treat- 
ment may be equally frustrating. It is important to assess for underly- 
ing health issues and provide environmental enrichment to the 
affected parrots prior to placing them on psychotropic drugs for this 
disorder. 
Nutritional disorders are a common concern in captive parrots, 
as many vitamin and nutrient needs of these species remain unknown. 
Vitamin A deficiency, obesity, atherosclerosis, and hemachromatosis 
are still relatively common in these species. Definitive diagnosis of 
vitamin deficiency remains challenging, as vitamin levels from 
healthy free-living parrots are largely unknown. Endocrine diseases 
such as diabetes mellitus and hypothyroidism are rare but have been 
reported in these species. Diagnosis of endocrine diseases is often 
hindered by lack of parrot-appropriate diagnostic reagents. 

Trauma is not uncommon as many species are territorial and 
agonistic, particularly during breeding season in the wild. As an 
intelligent and active group, parrots often also encounter trauma 
because of poor decisions or curiosity. Flying toward moving objects 
such as ceiling fans or into solid objects, becoming caught on an 
object within their environment and causing further severe damage 
to the limb while attempting to free itself, and having limbs severed 
or mauled by predators from outside the enclosure are common 
presentations. 
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Diseases associated with advanced age such as cataracts, degen- 
erative arthritis, neoplasia, atherosclerosis, and obesity are common 
in parrots. ° 
Toxicities of major concern for parrots include lead, zinc, nicotine, 
PTFE (polytetrafluoroethylene, i.e., teflon, more specifically the 
luorocarbon gas it releases when overheated), and plant-based toxici- 
ties such as avocado toxicity, chocolate toxicity, and aflatoxicosis. 
Excellent reviews are available for the diagnosis and treatment of 
parrot intoxication.” The natural grinding ability of the parrots GI 
tract, an innate curiosity about and attraction to shiny objects, and 
the formidable ability to dismantle and ingest very hard objects with 
the bill make these species particularly prone to heavy metal toxicity. 
Tests for lead and zinc may be performed from a single sample of 
approximately 0.5 milliliters (mL) of whole blood placed in a green- 
top, lithium heparin, microtainer (plastic stoppered) tube. Radiogra- 
phy may or may not be useful in diagnosis, as birds may have high 
blood burdens of metal without evidence of metallic objects remain- 
ing in the GI tract. Supportive care is extremely important in these 
cases, as toxins often affect GI tract motility, which results in weight 
loss, anorexia, and extreme dehydration. Specific chelation should be 
considered for cases of heavy metal toxicity. However, chelation is not 
without risk and may cause renal insult and lowering of other cations 
necessary for body function; definitive diagnosis of heavy metal toxic- 
ity is advised prior to administration of prolonged chelation. 


REPRODUCTION 


maximize production. Eggs are collected from the nest and pooled 
for artificial incubation followed by hand rearing of the chicks. 
Although parrots may produce a replacement clutch several times, 
double clutching should be used cautiously, as overuse may risk 
hypocalcemia in the female. When possible, the last clutch should 
be left to be incubated, hatched, and fed by the parents so that they 
experience successful reproduction. Artificially incubated eggs may 
also be returned to the pair for hatching if the pair had been left to 
incubate dummy eggs. 

Hand rearing is a common practice for the propagation of Psit- 
aciformes, both for the pet market and for conservation aviculture. 
Hand feeding of home-made diets for Psittaciformes has largely been 
replaced by commercially available products. However, nutritional 
evaluation of these products for hand rearing has revealed a wide 
range of physical and nutritional characteristics, including dietary 
insufficiencies and excesses.”. Because the most critical part of the 
hand rearing process is the first week of the chick’s life, allowing 
parental feeding of chicks during this period increases the chances 
of survival during hand feeding. Birds propagated for breeding pro- 
grams, particularly if hand reared, will benefit if flocked as subadults 
to allow proper socialization and acquisition of natural skills. For 
reproductive parameters, suggested breeding aviary dimensions, and 
nest box sizes of common species in North American zoos, see 
Table 21-1. 


PREVENTIVE MEDICINE 


Most parrot species nest in natural cavities found in palms and other 
rees and in cliffs. Some species excavate cavities in sand walls, ter- 
mitaries, or the ground./” The monk parakeet, Myopsita monachus, is 
he only species that constructs a nest using plant materials. Eggs 
are white and usually are laid every second day. Clutch size usually 
ranges from one to five, with some of the smaller species having as 
many as eight eggs. In Psittacoidea, incubation usually starts with 
he first egg, and hatch occurs asynchronously, whereas in Cacatu- 
oidea, incubation is usually delayed until the penultimate egg is laid. 
Incubation time ranges from 14 days in some Forpus spp. to 33 days 
in the palm cockatoo (Probosciger aterrimus). The altricial chicks 
hatch with no or sparse down, with the eyes closed. Parrots grow 
slowly in comparison with other altricial species of similar size, and 
chicks stay in the nest between 1 (budgerigar, Melopsittacus undula- 
tus) to 34% months (kakapo). Chicks are fed by regurgitation for up 
to several months after fledging by the female or both parents. Large 
species typically may take 4 or 5 years to attain sexual maturation, 
whereas small species attain sexual maturity in 1 to 2 years. Most 
species are monogamous and, at least in the larger species, pair for 
life. However, parrots are quite social and often flock during the 
nonbreeding season. Reproductive details of common parrot species 
held in North American zoos are compiled in Table 21-1. 

With most Psittaciformes species, the best results are obtained by 
keeping them in monogamous pairs year round; however, some 
breeders find it beneficial to flock the birds in big aviaries after the 
breeding season to recreate their natural social dynamics. Infertility 
is a common cause of breeding failure in captive Psittaciformes 
species. Besides different physiologic reasons, infertility may stem 
rom pair incompatibility, which may be alleviated by providing 
parrots the opportunity to choose their mates. This may be achieved 
by holding several birds of both sexes in a large aviary and removing 
pairs to breeding cages as they show signs of bonding. 

In the case of pairs that fail to incubate their eggs or that have 
he habit of breaking them, artificial incubation and use of a foster 
pair of the same or similar species are options. Artificial incubation 
parameters for most parrots are 37.2°C to 37.5°C. Relative humidity 
(RH) should be adjusted to achieve the desired weight loss by the 
end of the incubation period of 14% to 18% of the laying weight 
(usually 45% to 55% RH). Better results are often obtained when the 
eggs are naturally incubated for the first third of the incubation 
period. Most parrots will lay a replacement clutch if the first is 
removed completely. “Double clutching” is often used by breeders to 


Pathogens of most concern in parrots undergoing quarantine are 
Chlamydia, psittacid herpesvirus, avian bornavirus, polyoma virus, 
and psittacine beak and feather disease virus. Additional routine tests 
recommended in these species include a complete blood cell count 
(CBC), which is an excellent indicator of often occult inflammation, 
and a plasma biochemical panel, which should include uric acid and 
bile acids. Parasitologic testing should include fecal examination via 
both fecal flotation and wet mount or direct smear. Birds with 
outdoor access may have significant endoparasitic burdens despite 
ow egg counts or lack of parasitic ova in feces. Therefore, prophy- 
actic anthelmintics, administered at dosages below reported toxici- 
ties in other species, is indicated. A yearly recommended health 
maintenance examination, which may include grooming of beak and 
nails and full physical examination, should also include a CBC, 
plasma chemistry panel, and fecal testing for parasites. In parrots 
without signs of GI or upper respiratory illness, a choanal or cloacal 
culture or Gram staining of this flora is unlikely to be diagnostically 
rewarding. However, in parrots that are routinely used in educational 
venues or are exposed to immunocompromised persons, especially 
children, assessment for zoonotic bacterial pathogens such as Salmo- 
nella spp. is highly recommended. Routine vaccination is not recom- 
mended for most parrot species. Polyoma vaccination may be 
considered in birds that are considered for breeding or are exposed 
to a large collection and to outdoor birds. WNV generally causes 
little disease in most parrot species, and vaccination may not provide 
protection.” 


ACKNOWLEDGMENTS 


We thank the Schubot Exotic Bird Health Center for their support 
of this work and Dr. Tom Tully for his manuscript review. 


REFERENCES 


1. Allgayer MC, Guedes NMR, Chiminazzo C, et al: Clinical pathology and 
parasitologic evaluation of free-living nestlings of the hyacinth macaw 
(Anodorhynchus hyacinthinus). J Wildl Dis 45:972-981, 2009. 

2. Altman R, Clubb S, Dorrestein GM, et al: Avian medicine and surgery, 
St. Louis, MO, 1997, Saunders. 

3. Brightsmith DJ, McDonald D, Matsafuji D, et al: Nutritional content of 
the diets of free-living scarlet macaw chicks in southeastern Peru. J Avian 
Med Surg 24:9-23, 2010. 


10. 


19. 


20. 


21. 


22. 


29: 


24. 


25. 


26. 


27. 


28. 


. Brightsmith DJ: Nutritional levels of diets fed to captive Amazon parrots: 


Does mixing seed, produce, and pellets provide a healthy diet? J Avian 
Med Surg 26:149—160, 2012. 


. Brilhante RS, Castelo-Branco DS, Soares GD, et al: Characterization of 


the gastrointestinal yeast microbiota of cockatiels (Nymphicus hollandi- 
cus): A potential hazard to human health. J Med Microbiol 59:718-723, 
2010. 


. Briscoe JA, Morris DO, Rosenthal KL, et al: Evaluation of mucosal and 


seborrheic sites for staphylococci in two populations of captive psitta- 
cines. J Am Vet Med Assoc 234:901—905, 2009. 


. Brouwer K, Jones ML, King CE, et al: Longevity records for Psittaciformes 


in captivity. Int Zoo Yb 37:299-316, 2000. 


. Brue RN: Nutrition. In Ritchie B, Harrison GJ, Harrison LR, editors: Avian 


medicine: Principles and application, Lake Worth, FL, 1994, Wingers Pub- 
lishing, pp 63-95. 


. Bush JM, Speer B, Opitz N: Disease transmission from companion parrots 


to dogs and cats: What is the real risk? Vet Clin North Am Small Anim 
Pract 41:1261—1272, 2011. 

Carciofi AC, Saad CEDP: Nutrition and nutritional problems in wild 
animals. In Fowler M, editor: Biology, medicine, and surgery of South 
American wild animals, Ames, lowa USA, 2001, Iowa State University 
Press, pp 425-436. 


11. Carciofi AC, Sanfilippo LE De-Oliveira LD, et al: Protein requirements 


for blue-fronted Amazon (Amazona aestiva) growth. J Anim Physiol Anim 
Nutr 92:363—368, 2008. 


12. Collar N: Family Psittacidae. In Hoyo J, Elliott A, Sargatal J, editors: 


Handbook of the birds of the world, Barcelona, Spain, 1997, Lynx Edicions, 
pp 280-479. 


. Cornejo J, Clubb S: Analysis of the maintenance diet offered to lories 


and lorikeets (Psittaciformes; Loriinae) at Loro Parque Fundación, Tener- 
ife. Int Zoo YB 39:85—-98, 2005. 


. Cornejo J, Dierenfeld ES, Bailey CA, et al: Predicted metabolizable energy 


density and amino acid profile of the crop contents of free-living scarlet 
macaw chicks (Ara macao). J Anim Physiol Anim Nutr (Berl) 96:947-954, 
2012. 


15. Dunning J: CRC handbook of avian body masses, Boca Raton, FL, 1993, 


CRC Press. 


. Earle KE, Clarke NR: The nutrition of the budgerigar (Melopsittacus 


undulatus). J Nutr 121:S186-S192, 1991. 


. Glavis J, Larsen RS, Lamberski N, et al: Evaluation of antibody response 


to vaccination against West Nile virus in thick billed parrots (Rhynchop- 
sitta pachyrhyncha). J Zoo Wildl Med 42:495—498, 2011. 


18. Gomez G, Saggese MD, Weeks BR, et al: Granulomatous encephalomy- 


elitis and intestinal ganglionitis in a spectacled Amazon parrot (Amazona 
albifrons) infected with Mycobacterium genavense. J Comp Pathol 144:219— 
222, 2011. 

Gunkel C, Lafortune M: Current techniques in avian anesthesia. Semin 
Avian Exot Pet Med 14:263-276, 2005. 

Hannafusa Y, Bradley A, Tomaszewski EE, et al: Growth and metabolic 
characterization of Macrorhabdus ornithogaster. J Vet Diagn Invest 19:256— 
265, 2007. 

Harper EJ, Skinner ND: Clinical nutrition of small psittacines and pas- 
serines. Semin Avian Exot Pet Med 7:116-127, 1998. 

Harper EJ: Estimating the energy needs of pet birds. J Avian Med Surg 
14:95-102, 2000. 

Harrison GL, McDonald D: Nutritional considerations. In Harrison GL, 
Lightfoot TL, editors: Clinical avian medicine, vol 1, Palm Beach, FL, 2006, 
Spix Publishing, pp 108-140. 

Hess L, Mauldin G, Rosenthal K: Estimated nutrient content of diets 
commonly fed to pet birds. Vet Rec 150:399-404, 2002. 

International Union for Conservation of Nature: Red list of threatened 
species, Cambridge, UK, 2012, IUCN. 

Joseph L, Toon A, Schirtzinger EE, et al: A revised nomenclature and 
classification for family-group taxa of parrots (Psittaciformes). Zootaxa 
3205:26-40, 2012. 

Juniper T, Parr M: Parrots: A guide to parrots of the world, Yale University 
Press, New Haven CT, 2003, Christopher Helm Publishers, Incorporated. 
Kamphues J, Otte W, Wolf P: Effects of increasing protein intake on various 
parameters of nitrogen metabolism in grey parrots (Psittacus erithacus 


29. 


30. 


ön 


32. 


33. 


34. 


55 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


əə 
54. 


CHAPTER 21 ° Psittaciformes 185 


erithacus), First International Symposium Pet Bird Nutrition, Hannover, 
Germany, 1997, pp 118, Oct 3-4. 

Klasing KC: Comparative avian nutrition, New York, 1998, CAB 
International. 

Koutsos EA, Klasing KC: Vitamin A nutrition of growing cockatiel 
chicks (Nymphicus hollandicus). J Anim Physiol Anim Nutr 89:379-387, 
2005. 

Koutsos EA, Matson KD, Klasing KC: Nutrition of birds in the order 
Psittaciformes: A review. J Avian Med Surg 15:257-275, 2001. 

Koutsos EA, Smith J, Woods LW, et al: Adult cockatiels (Nymphicus hol- 
landicus) metabolically adapt to high protein diets. J Nutr 131:2014— 
2020, 2001. 

Koutsos EA, Tell LA, Woods LW, et al: Adult cockatiels (Nymphicus hol- 
landicus) at maintenance are more sensitive to diets containing excess 
vitamin A than to vitamin A-deficient diets. J Nutr 133:1898-1902, 
2003. 

LaBonde J: Toxicity in pet avian patients. Semin Avian Exot Pet Med 
4:23-31, 1995. 

Ledwon A, Szeleszczuk P, Zwolska Z, et al: Experimental infection of 
budgerigars (Melopsittacus undulatus) with five Mycobacterium species. 
Avian Pathol 37:59-64, 2008. 

Lightfoot T: Geriatric psittacine medicine. Vet Clin North Am Exot Anim 
Pract 13:27—49, 2010. 

Mans C, Guzman DS, Lahner LL, et al: Sedation and physiologic response 
to manual restraint after intranasal administration of midazolam in His- 
paniolan Amazon parrots (Amazona ventralis). J Avian Med Surg 26:130— 
139, 2012. 

Mayr G: Parrot interrelationships—morphology and the new molecular 
phylogenies. Emu 110:348-357, 2010. 

Nouri M, Gharagozlou M, Azarabad H: Lymphoid leucosis and coligra- 
noluma in a budgerigar (Melopsittacus undulatus). Int J Vet Res 5:5-8, 
2011. 

Olah G, Vigo G, Ortiz L, et al: Philornis sp. bot fly larvae in free living 
scarlet macaw nestlings and a new technique for their extraction. Vet 
Parasitol 196:245—249, 2013. 

Orosz S, Ensley P, Haynes C: Avian surgical anatomy: Thoracic and pelvic 
limbs, Philadelphia, PA, 1992, Saunders. 

O'Toole D, Mills K, Ellis R, et al: Clostridial enteritis in red lories (Eos 
bornea). J Vet Diagn Invest 5:111—113, 1993. 

Petzinger C, Heatley JJ, Cornejo J, et al: Dietary modification of omega-3 
fatty acids for birds with atherosclerosis. J Am Vet Med Assoc 236:523— 
528, 2010. 

Pryor GS, Levey DJ, Dierenfeld ES: Protein requirements of a specialized 
frugivore, Pesquet’s parrot (Psittrichas fulgidus). Auk 118:1080-1088, 
2001. 

Pryor GS: Protein requirements of three species of parrots with distinct 
dietary specializations. Zoo Biol 22:163-177, 2003. 

Radlinsky MG, Carpenter JW, Mison MB, et al: Colonic entrapment 
after cloacopexy in two psittacine birds. J Avian Med Surg 18:175-182, 
2004. 

Ratzlaff K, Papich MG, Flammer K: Plasma concentrations of fluconazole 
after a single oral dose and administration in drinking water in cockatiels 
(Nymphicus hollandicus). J Avian Med Surg 25:23-31, 2011. 

Ritchie B, Harrison G, Harrison L: Avian medicine: Principles and applica- 
tions, Lake Worth, FL, 1994, Wingers Publishing Inc. 

Ritchie B: Avian viruses: Function and control, Lake Worth, Florida, 1995, 
Wingers Publishing Inc. 

Roudybush TE, Grau CR: Food and water interrelations and the protein 
requirement for growth of an altricial bird, the cockatiel (Nymphicus hol- 
landicus). J Nutr 116:552-559, 1986. 

Schmidt V, Schneider S, Schlomer J, et al: Transmission of tuberculosis 
between men and pet birds: A case report. Avian Pathol 37:589—592, 
2008. 

Shitaye EJ, Grymova V, Grym M, et al: Mycobacterium avium subsp. 
hominissuis infection in a pet parrot. Emerg Infect Dis 15:617-619, 
2009. 

Smith GA: Systematics of parrots. Ibis 117:18-68, 1975. 

Ullrey DE, Allen ME, Baer DJ: Formulated diets versus seed mixtures for 
psittacines. J Nutr 121:S193-S205, 1991. 


55. 


56. 


. 


58. 


VVaite DVV, Deines P, Taylor MW: Gut microbiome of the critically endan- 
gered New Zealand parrot, the kakapo (Strigops habroptilus). PLoS ONE 
71235803, 2012. 

Werquin GJ, De Cock KJ, Ghysels PG: Comparison of the nutrient analy- 
sis and caloric density of 30 commercial seed mixtures (in toto and 
dehulled) with 27 commercial diets for parrots. J Anim Physiol Anim Nutr 
(Berl) 89:215-221, 2005. 

Westfahl C, Wolf P, Kamphues J: Estimation of protein requirement for 
maintenance in adult parrots (Amazona spp.) by determining inevitable 
N losses in excreta. J Anim Physiol Anim Nutr (Berl) 92:384—389, 2008. 
Westfahl CP, Wolf P, Kamphues J: Estimation of inevitable macro mineral 
losses in amazons (Amazona spp.) as basis for the calculation of mainte- 
nance requirement. Arch Anim Nutr 63:75-85, 2009. 


59. 


60. 


61. 


62. 


63. 


White NE, Phillips MT, Gilbert MT, et al: The evolutionary history of 
cockatoos (Aves: Psittaciformes: Cacatuidae). Mol Phylogenet Evol 59: 
615-622, 2011. 

Wolf P. Habich AC, Burkle M, et al: Basic data on food intake, nutrient 
digestibility and energy requirements of lorikeets. J Anim Physiol Anim 
Nutr (Berl) 91:282—288, 2007. 

Wolf P, Kamphues J: Hand rearing of pet birds—feeds, techniques and 
recommendations. J Anim Physiol Anim Nutr (Berl) 87:122—128, 2003. 
Xenoulis PG, Gray PL, Brightsmith D, et al: Molecular characterization 
of the cloacal microbiota of wild and captive parrots. Vet Microbiol 
146:320—325, 2010. 

Young AM, Hobson EA, Lackey LB, Wright TF: Survival on the ark: Life- 
history trends in captive parrots. Anim Conservat 15:28—43, 2012. 


186 PART Ill © AVIAN GROUPS 


w 
CHAPTER 22 


Cuculiformes (Cuckoos, 


Roadrunners) 
Douglas P. Whiteside 


GENERAL BIOLOGY 


UNIQUE ANATOMY 


The order Cuculiformes comprises small- to medium-sized birds, 
with a worldwide distribution in forests and woodlands of temper- 
ate, subtropical, and tropical climates. Most are arboreal, although 
some are ground dwelling. They range in length from 16 to 70 cen- 
timeters (cm) and in weight from 17 grams (g) (little bronze cuckoo, 
Chrysococcyx minutillus) to 770 g (buff-headed coucal, Centropus 
milo).*' Globally, most Cuculiformes populations are stable; however, 
18 species are classified as vulnerable, near threatened, or endan- 
gered by the International Union on the Conservation of Nature 
(IUCN). ° 

Historically, this order used to include three families: (1) the 
Cuculidae, (2) the Musophagidae (turacos, plantain eaters, and 
go-away birds), and (3) the Opisthocomidae (hoatzin); however, 
most taxonomists have elevated the last two families to separate 
orders. The Cuculidae family is currently divided into five subfami- 
lies comprising 32 genera; the brood parasitic cuckoos and malkohas 
(Cuculinae, 88 species), the couas and Old World ground cuckoos 
(Couinae, 13 species), the coucals (Centropodinae, 26 species), the 
anis and Guira cuckoos (Crotophaginae, 4 species), and the New 
World ground cuckoos (Neomorphinae, 10 species).'*”! 

Although most cuckoos are diurnal, they are often highly secre- 
tive, with many species vocalizing only at night. Their vocalizations 
are species specific and are often used to identify cryptic species. 
Sexual dimorphism occurs in some species, with females being larger 
than males in 71% of the species with parenteral care, while males 
are larger in 84% of the brood parasitic species. Almost all parenteral 
species (95%) are monomorphic, on the basis of their plumage, 
whereas 41% of the Old World brood parasitic species and malkohas 
are dimorphic.”””” In monomorphic species, gender determination 
may be accomplished through deoxyribonucleic acid (DNA) analysis 
of whole blood or blood feathers or via laparascopy. ” 


Zygodactyly is one of the most distinctive features of cuckoos. The 
body forms of the Cuculidae vary, depending on their lifestyle, with 
arboreal cuckoos having long tails and slender bodies and terrestrial 
cuckoos being heavy bodied and proportionately longer tarsi. Well- 
developed eyelash feathers are a characteristic feature of cuckoos. 
The bill has no cere, is usually slender, and is slightly arched. The 
tarsi are often unfeathered and scutellate. The uropygial gland is 
prominent. Depending on the species, the wing has 10 primary and 
9 to 13 secondary remiges, and usually 10 retrices exist, with only 
8 in the anis and the Guira cuckoo. During molting of the wing 
feathers, the odd numbered primaries are shed and regrow first fol- 
owed by the even numbered primaries, a pattern that is unique to 
cuckoos. The young of several cuckoo species may be distinguished 
by the unique pattern of white to yellowish-tan papillate patches in 
he oropharyngeal cavity.’”! 


SPECIAL HOUSING REQUIREMENTS 


The Cuculidae are not commonly found in zoologic collections, 
although globally several members of the cuckoo family are 
represented in institutions, including several species of cuckoo 
(Guira, fan-tailed, hawk, channel-billed, squirrel, and Renault's 
ground cuckoos), malkohas, yellow bill coul, coua, coucal, and 
roadrunners.”° 

Appropriate exhibits, coupled with suitable social groupings and 
opportunities to express species-appropriate behaviors, are impor- 
tant to maximize the physical and mental vvell-being of these birds. 
For arboreal species, large meshed exhibits vvith appropriate perch- 
ing and plantings that allow for uninterrupted flight are most ideal, 
and terrestrial species may be housed in planted exhibits vvith natural 
substrates. Feather clipping may be performed to keep the birds in 


open exhibits. In general, cuckoos are not tolerant of cold environ- 
mental temperatures (less than 5° C or 40° P), so additional heat 
sources should be provided when the birds are housed outdoors in 
temperate climates. Some species of anis may adapt to cooler cli- 
mates by lowering their body temperature at night (nocturnal torpor) 
and will demonstrate sunning behaviors to increase their body 
temperature. 

Most species of cuckoos are not housed in mixed species 
exhibits because of their aggressive nature, as they vvill prey on 
smaller birds or their eggs and offspring.**”' A few species are ame- 
nable to being housed with other birds; for example, roadrunners 
have been displayed successfully with burrowing owls. Intraspecific 
aggression may also be an issue, as most cuckoos are solitary in 
nature. A notable exception is the Guira cuckoo, which is a social 
species with communal nesting activities and postnatal group 
affiliations. 7771 


FEEDING 
Diets of Free-Ranging Birds 


Free-ranging cuckoos are carnivorous, vvith most being insectivo- 
rous, preying on noxious insects such as caterpillars that are 
often avoided by other birds. They remove the indigestible and 
oxic leaf products within the intestines of the caterpillars by beating 
hem or wiping them back and forth on branches or by passing 
hem back and forth through their bills before ingesting them. The 
hairs on the caterpillars are indigestible as well and form a mat within 
the ventriculus, and the mat is later egested as a pellet. Other prey 
items, depending on the cuckoo species, include locusts, grasshop- 
pers, millipedes, centipedes, spiders, phalangids, terrestrial snails, 
ree frogs, lizards, snakes, and mice. Brood parasitic species often 
ake eggs from the nest of their host, whereas coucals and roadrun- 
ners consume nestling birds. The diet of a few of the Old World 
species such as cous, some malkohas and coucals, channel-billed 
cuckoo, dwarf koel, and common koel consists mainly of fruits (figs, 
tamarinds, berries, and palm oil fruits) with occasional insects. 
During the breeding season, roadrunners feed predominately on 
snakes and lizards, often beating their prey repeatedly against 
a rock. 36 


Diets of Captive Birds 


Diets in captivity should approximate the feeding ecology of the 
species. Depending on the species, captive cuckoos may be fed a 
variety of insects, earthworms, small vertebrate prey items (e.g., 
juvenile mice, amphibians, anoles) and nutritionally balanced, com- 
mercially prepared avian and insectivore semi-moist pelleted diets. 
For omnivorous species such as Guira cuckoos, chopped mixed 
fruits and vegetables may be added. Invertebrate prey items should 
be dusted with calcium powder, and particularly for growing chicks, 
it is important to ensure they have access to dietary sources of 
vitamin D and exposure to natural or artificial ultraviolet B (UVB) 
ight to prevent metabolic bone disease. Roadrunners do well on a 
mixture of vertebrate and invertebrate food items combined with 
commercial diets. Whole-prey items should be of appropriate size, 
if chicks are present, to prevent choking hazards. Some species of 
strictly insectivorous cuckoos such as the Diederik cuckoo (Chryso- 
coccyx caprius), the emerald cuckoo (Chrysococcyx cupreus cupreus), 
the shining bronze cuckoo (Chalcites lucidus lucidus), and the great 
spotted cuckoo (Clamator glandarius) are difficult to maintain in 
captivity, as they will only eat live food items.’ 


RESTRAINT AND HANDLING 


Care should be taken when handling and restraining cuckoos, espe- 
cially the smaller species, to prevent injury to the bird. Physical 
restraint and anesthetic techniques are similar to those used for other 
similar-sized avian species. Induction and maintenance with gaseous 
anesthetics (isoflurane or sevoflurane) in oxygen at appropriate 
flow rates is most commonly used for anesthesia. Intubation is 
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straightforward. During recovery from anesthesia, birds should be 
confined in a quiet holding cage, until they are capable of standing, 
to prevent injury. 


SURGERY (COMMON AND 
SPECIAL CONSIDERATIONS) 


Surgical management of traumatic injuries, either self-induced or 
from intraspecies or interspecies aggression, is the most frequent 
surgical problem encountered in a captive setting. Techniques used 
in other avian species are applicable. 

Multimodal analgesia is an important component of surgical 
management. Pharmacokinetic and clinical efficacy studies of anal- 
gesics have not been published for Cuculiformes, so data are extrap- 
olated from studies on other avian species. 


OTHER PHARMACEUTICALS 


No published studies of pharmacokinetics or clinical efficacy exist 
for Cuculiformes species. Extrapolation for drug dosages is based on 
published studies and experience with other avian species. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


A systematic approach to the physical examination should always be 
followed. Cucidae species may be safely restrained for the examina- 
tion, although anesthesia may be indicated for prolonged procedures 
or for stressed individuals. 
Specimen collection and handling is analogous to other avian 
species. Venipuncture may be accomplished from the jugular vein, 
the medial metatarsal vein, or the ulnar vein. Interpretation of hema- 
tologic and serum biochemical values is similar to other avian 
species. Reference ranges for species held in captivity are available 
from the International Species Information System (www.isis.org). 


DISEASE 
General 


Cuculiformes species are not exquisitely sensitive to infectious 
disease, and the few diseases reported are not unique to their 
taxon. 


Infectious Disease 


Infectious diseases are not commonly reported in Cuculiformes 
but include avian poxvirus affecting the feet and legs of Diederik 
cuckoos (Chrysococcyx caprius) and other cuckoos, aspergillosis, and 
candidiasis. Chlamydophila has been detected in the Guira cuckoo 
and the common cuckoo. Guira cuckoos may shed Salmonella 
spp. and Yersinia pseudotuberculosis asymptomatically in feces. Osteo- 
myelitis has been noted in the tibiotarsus of a Renauld’s ground 
cuckoo, }2!33> 


Parasitic 


Only a few parasites have been described in Cuculidae. This includes 
bloodborne parasites (Haemoproteus sp., Plasmodium sp., Leucocyto- 
zoon centropi), Sarcocystis falcatula and S. corderoi, Isopora sp., filarid 
nematodes (Pelecitus, Struthiofilaria, and Cardiofilaria), Geopetitia, 
Dispharynx nasuta in the smooth billed ani, ascarids (Ascaridia 
cuculina) in the common cuckoo (Cuculus canorus), and Ascardia 
circularis and A. trilabium in the greater coucal (Centropus sinen- 
sis). ve 1001241515. 333207 A new species of nasal mite (Sternostoma sp.) 
was described in the common cuckoo.* A biting lice species (Cucu- 
licola latirostris) has been found in the common cuckoo, and a 
chewing lice species (Osborniella guiraensis) has been described in a 
Guira cuckoo.” Myiasis has been associated with Protocalliphora sp” 


Noninfectious Disease 


Trauma, either self-induced or from intraspecies or interspecies 
aggression, is the most common _ noninfectious disease 
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of Cuculiformes in captivity. Pododermatitis from inappropriate 
perching or substrates may be encountered. Metabolic bone disease 
in growing chicks, egg binding, and poorly calcified eggshells have 
been documented in Guira cuckoos. Fatal foreign body ingestion has 
been reported in the greater roadrunner; one case involved ingestion 
of a cocklebur, and the second case was a juvenile that choked after 
ingesting a Texas horned lizard.''°'* 

Published reports of neoplasia in the cuckoo family are rare. 
Reported tumors include a cavernous hepatic hemangioma and an 
invasive squamous cell carcinoma of the rhamphotheca.'” 


TOXICITIES 


Toxicities have not been described in Cuculiformes. If encountered, 
the pathogenesis and treatment would be extrapolated from the lit- 
erature and from experience with other avian species. 


REPRODUCTION 


Although cuckoos are well recognized for their brood parasitic 
reproductive behavior, as a group, they have a wide diversity of 
breeding behaviors and parental care. In fact, approximately 
two thirds of cuckoo species, including couas, coucals, malkohas, 
roadrunners, and most of the American cuckoos build their own 
nest in trees, bushes, low shrubs, or the ground, depending on 
the ecology of the species. Only 56 Old World species and 3 New 
World species are obligate brood parasites. The majority of species 
are monogamous, but polyandry does exist in some species such 
as the African black coucal (Centropus grilli) and possibly in 
other coucals. Communal nesting occurs in the Guira cuckoo and 
the anis, although the female may remove other birds’ eggs when 
laying its own.'77?°°?! 

onparasitic cuckoos, like most other nonpasserines, lay white 
eggs, but many of the brood parasitic species lay colored eggs that 
closely resemble the eggs of their hosts. Other species lay dark 
“cryptic” eggs to hide them from host birds that lay their light eggs 
in dark, domed nests. The female cuckoo will often ingest or push 
the hosts eggs from the nest to make space for its own eggs. In some 
cases, if the host rejects the cuckoo’s egg, the cuckoo will completely 
destroy the hosts clutch.” 

Clutch size for the various species ranges from two to eight eggs. 
The incubation period is dependent on the species but, in general, 
ranges from 9 to 14 days. Young cuckoos are altricial. In the parasitic 
species, the cuckoo egg hatches earlier than the hosts, and the 
cuckoo chick grows faster; in most cases, the chick evicts the eggs 
or young of the host species. Although on some occasions nonpara- 
sitic cuckoos parasitize other species, the parent still helps feed the 
chick. Parental infanticide of smaller chicks has been documented 
in Guira cuckoos.””” 


PREVENTIVE MEDICINE 


All birds should receive annual to biennial preventive health exami- 
nations that include complete physical examination, vveight mea- 
surement, and assessment of blood parameters. VVhere indicated, 
radiography or other additional diagnostics may be indicated. Fecal 
examinations are indicated annually or more frequently if parasite 
issues are identifted. 
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Strigiformes 
Julia B. Ponder and Michelle M. Willette 


BIOLOGY 


The order Strigiformes comprises 220 to 225 extant species of owls 
divided into two families: Tytonidae (barn owls) and Strigidae (true 
owls). The two genera of barn owls, Tyto and Phodilus, represent 
less than 20 species. Most of the species living today are classified 
as Strigidae, which includes approximately 25 genera. Although 
the question has not been completely resolved at this time, recent 
systematics have aligned owls more closely with nightjars than 
diurnal birds of prey. Using the Sibley-Ahlquist taxonomy, the most 
recent addendum to the American Ornithologists’ Union combines 
Caprimulgiformes with Strigiformes (although they are discussed in 
separate chapters for the purposes of this book). 

With lineages extending back 70 to 80 million years, owls are 
one of the oldest groups of land birds.”” Modern day extinctions of 
owls such as the laughing owl (Sceloglaux albifacies) of New Zealand 
and the Mauritius owl (Mascarenotus sauzieri) are thought to be the 
result of habitat alteration and persecution.” Habitat destruction is 
the greatest concern for many at-risk owl populations, including the 
Blakistons fish owl (Bubo blakistoni), the northern spotted owl (Strix 
occidentalis caurina), and many tropical owl species. A new species, 
the Rinjani scops owl (Otus jolandae) in Indonesia, has recently been 
discovered." 

Owls are found worldwide with the exception of Antarctica and 
some very remote islands. Most owls are nocturnal, with some 
species demonstrating crepuscular behavior and a Íew species 
hunting during the day. 


ANATOMY AND PHYSIOLOGY 


Owls possess several unique anatomic and physiologic adaptations 
relative to other birds or even other raptors. The skull design opti- 
mizes two critical senses for owls—hearing and vision. In up to one 
third of all owl species worldwide, large ear openings are placed 
asymmetrically on each side of the head to facilitate vertical location 
of sound. The right opening points upward and the left downward. 
The asymmetrical placement is critical for species that are nocturnal 
hunters, those that reside north of 35 degrees latitude where heavy 


snow cover often prevents visualization of prey, or both.”' Horizontal 
location of sound is assisted by a wide skull. 

Another cranial adaption in owls is found in the large, forward- 
facing eyes, which provide 60 to 70 degrees of binocular vision and 
a high level of stereoscopic vision for judging distances. The eyes are 
tubular in shape and have relatively large corneas for gathering light. 
The retina is specialized for dim-light vision, possessing more rods 
than cones (up to 56,000 per millimeter square [mm] in the tawny 
owl, Strix alluco), and the rods contain high levels of rhodopsin, a 
light-absorbing pigment.” In many species, the retina also has a 
tapetum lucidum, a reflective layer that increases the amount of light 
each rod receives. Unlike some other bird species, owls cannot detect 
ultraviolet (UV) light. Owls are far sighted and use the tactile bristle 
feathers around their beaks to feel objects up close. 

Owls have several unique anatomic differences in their gastroin- 
testinal (GI) tracts relative to diurnal raptors. Unlike hawks, they do 
not possess a crop (dilation of the esophagus that stores food). 
Ingested food passes directly into the proventriculus, or glandular 
stomach. The pH of the ventriculus in owls averages 2.2 to 2.5 and 
does not provide sufficient acidity to break down fur, feathers, or 
bones. Through muscular contractions, the ventriculus forms a 
pellet, a compact bundle of indigestible foodstuffs, which is then cast 
at a meal-to-pellet interval of 10 to 13 hours.'! Owls do possess ceca, 
paired secretory organs at the juncture of the ileum and the colon. 
Fermentation (especially of cellulose), water and calcium resorption, 
and microbial action of both beneficial and disease-causing organ- 
isms occur in the ceca.’’ Because of the blind-ended nature of these 
organs, food stuffs remain longer than in the rest of the GI tract, 
resulting in a product that is brown, homogeneous, and odiferous 
when excreted. Owls may eliminate their cecal contents in response 
to stress. 

The foot of an owl is zygodactylous. When perched, digits 2 and 
3 face anteriorly and digits 1 and 4 face posteriorly. Digit +, however, 
is opposable and may assist in the restraint of prey by being placed 
in the forward position. The distal tibiotarsus is more rounded in 
owls compared with hawks, relating to the zygodactylous position- 
ing of the digits. The tendons associated with the muscles of the 
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tibiotarsus are calcified, providing increased strength to leg muscles, 
which are exposed to high stress forces.” 

Determination of the age (aging) of owls on the basis of the molt 
pattern of flight feathers has been studied in a variety of North 
American owl species. The identification of multiple generations of 
feathers may be aided by using UV light to fluoresce porphyrin pig- 
ments. Distinct molting patterns may assist in the aging of many owl 
species up to age 3 or 4.” 

Reverse dimorphism exists in many owl species. For example, 
size may often be used to sex snowy owls (Bubo scandiaca), northern 
saw-whet owls (Aegolius acadicus), boreal owls (Aegolius funercus), 
and great gray owls (Strix nebulosa), since less overlap exists in 
weight ranges between the sexes. In the northern saw-whet owl, 
wing chord measurements may also be used.” In the snowy owl, 
distinct plumage differences, such as the number of bars on the tail 
and the amount of spotting on the back of the head may also be 
used to determine sex.” 


MANAGEMENT 
Housing 


It is critical to have a working knowledge of each owl species’ natural 
history to understand their captive housing and management needs. 
The choice of caging material and design should ensure that feather- 
ing is not damaged as the bird moves around the enclosure. Wood 
and some plastics may be good choices, whereas metal caging (chain- 
ink, metal mesh, etc.) may be extremely damaging to the feathers, 
eet, and ceres of raptors. Consideration should be given to the floor- 
ing substrate if the owl will spend any amount of time on the ground. 


Clostridium. Intake should be monitored, and uneaten food should 
be promptly removed. Supplementation is not usually required if 
owls are fed good-quality whole food items. Exceptions are thiamine 
and vitamin E supplementation needed for diets high in fish content, 
breeding situations, and growing chicks. 

A source of water for drinking and bathing should always be 
made available, except during freezing temperatures and in medical 
housing. 

Hunting behavior may be used for behavioral enrichment in some 
species. Live crickets, mealworms, crayfish, frogs, and fish have been 
introduced into owl enclosures. A diet of live food may carry some 
risks, including parasites, injuries from the prey, and poor public 
reception. 


Management of Feet, Feathers, Beaks, and Talons 


Perches should be placed strategically to help the bird feel comfort- 
able in the enclosure and provide enriching views. Since owls perch 
in areas where they feel safe and not necessarily on perches that are 
he best for the health of their feet, it is critical to provide them with 
several suitable perches. For most owl species, rounded or beveled 
perches work best. These may consist of dowels, beveled 2 x 4 inch 
(or 5 x 10 cm) wooden boards cut at species-specific angles or 
natural branches (oak is recommended) of varying diameter.’ Gener- 
ally, a rounded perch should not be so wide that the owl's foot is 
lattened when the bird perches. Also, if natural branches are used, 
hey must be replaced every few months or sooner when the bark 
wears off, leaving a smooth surface. If an owl develops bumblefoot, 
perch locations, sizes, and substrates should be evaluated, focusing 
on those the owl uses most frequently. The location of the lesions 
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perches, access to water for bathing and drinking, and at least one 
area in which the bird may hide from the elements or from being 
viewed by the public. Shelter boxes are recommended for cavity 
nesters.” 

Multiple owls may be maintained in one enclosure, although it 
is safest to not mix species in one display. Within a species, multiple- 
bird housing may work very well, but if the enclosure is not large 
enough to allow for personal space, aggression may occur. Aggres- 
sion may also be a problem with new introductions into an estab- 
lished exhibit; adequate monitoring should be ensured. As many 
owls kept in exhibits have disabilities, their additional needs should 
also be considered when housing multiple birds together. 

Diet 
Owl diets”” are diverse and vary by species in relationship to size, 
habitat, and feeding behavior. Small rodents comprise the bulk of 
most diets, but owls are opportunistic and feed on insects, inverte- 
brates, fish, amphibians, reptiles, birds, small mammals, and bats. 
Captive diets include mice, rats, day-old chicks, quail, fish, chicken, 
guinea pig, and rabbit. Wild or domestically raised pigeons should 
not be fed to owls because of the risk of trichomoniasis and a host 
of viral diseases. Feeding hunter-killed prey sources carries the risk 
of lead poisoning from spent lead ammunition. Dead wild rodents 
and birds should also not be fed to owls, as these prey items may 
be a source of poisoning or diseases such as West Nile virus (VVNV) 
infection. 

The food should be presented on a raised feeding area, which is 
easily accessed and protected from the elements and contamination 
from vermin. Most owl species should be fed once a day; smaller 
species may require twice-a-day feeding. Feeding is usually done late 
in the day. Exceptions include freezing temperatures and accom- 
modating species that are more active during the day. 

A wide variety of whole-prey items should be offered. Food 
should be wholesome, freshly killed, or properly frozen and thawed 
to prevent nutrient loss and to limit microbial load. The intestines 
of previously frozen mammals and poultry (except day-old chicks) 
should be removed, as these items are a potential source of 


ment problems and need to be addressed to stop further damage. 
For example, perches should be placed far enough from the wall so 
hat when a bird turns around, it does not brush or rub its wing or 
ail feathers against the wall. Broken feathers may be repaired by a 
process called imping, in which a molted feather from the same 
species, sex, and feather position is used to replace the broken one. 
A short piece of whittled bamboo (or guitar string in small owls) is 
glued into the hollow shaft of the broken feather and used to secure 
he replacement feather.” To prevent breakage, bent feathers may be 
straightened either with a feather straightener or a small moist rag 
heated for 30 seconds in the microwave oven. 

In captivity, the beaks and talons of owls need regular mainte- 
nance, as they grow throughout the year. In the wild, natural wearing 
and reshaping occur with exposure to varying weather conditions, 
larger bone sizes of prey, and a variety of uneven surfaces that owls 
rub (feak) their beaks on to clean and maintain the shape. The 
manual trimming and reshaping of beaks is called coping and is most 
often done with a rotary tool such as a Dremel rotary tool. When 
using the tool, care must be taken to ensure that the facial bristle 
feathers do not get caught by the rotating bit. If this happens, serious 
injury may result. 


PREVENTIVE MEDICINE 


Recommended preventive medical measures of owls include moni- 
toring weight on a frequent basis; routine physical examinations; 
obtaining baseline hematology and chemistry values; baseline radi- 
ography; periodic fecal examinations; serology, as appropriate; 
plasma banking, as practical; vaccinations in species susceptible to 
VVNV, and prophylactic medication in species susceptible to plas- 
modiasis and aspergillosis. Blood smears and the buffy coat should 
be evaluated for hemoparasites. 


DIAGNOSTICS 


As in all species, a thorough, systematic examination is the corner- 
stone diagnostic and should be conducted in a fashion similar to that 


in other birds. Appropriate restraint is required for handler and 
patient safety and to minimize patient stress. Traditional diagnostic 
ests such as hematology and blood chemistry, imaging, parasitology, 
bacteriology, cytology, and necropsy are all applicable to owls, 
although it may be difficult to find species’ normal values to compare 
results. Often, only a single case report or the result from a closely 
related species is available for comparison. Establishing baseline 
values for hematology, chemistry, and radiology during routine phys- 
ical examinations may provide important information to offset these 
challenges. Select hematology and chemistry results are listed in 
Table 23-1. 

A significant portion of the recent diagnostic literature pertaining 
to owls is focused on the eye. Owl eyes are frequently traumatized 
because of their size and prominence, and significant numbers of 
owls are presented for rehabilitation at wildlife hospitals. The use of 
tonometry, B-mode ultrasonography, and electroretinography to 
examine owl eyes have all been reported. 


INFECTIOUS DISEASE 


Owls are susceptible to a wide range of viral, bacterial, fungal, and 
parasitic diseases. The most commonly seen infectious diseases in 
owls are summarized in Table 23-2 and have been reviewed in the 
literature.” During the recent emergence of WNV in North 
America, Strigiformes species were found to be susceptible to natural 
infection. ” Signs of WNV in owls are primarily neurologic, with owls 
not demonstrating the retinal lesions seen in hawks. Vaccination is 
recommended for owls in exhibits or those used for education, 
which are at risk of exposure. Killed, recombinant, and vectored 
equine vaccines have all been used safely; their efficacy is not known, 
but anecdotal evidence suggests some level of protection. 

Many of the infectious diseases found in owls may be easily 
prevented in captivity. Vectorborne diseases such as WNV and 
malaria may be reduced through control of and protection from 
vectors. Risk of foodborne illnesses such as clostridiosis, salmonel- 
losis, and trichomoniasis may be reduced through careful handling 
of food (freezing and thawing practices) as well as avoiding feeding 
inappropriate food items such as pigeon. Aspergillosis, a common 
infectious disease of captive birds, may often be prevented in sus- 
ceptible birds. It is rare in owls overall, but susceptibility is associ- 
ated with specific species (northern owls, especially snowy owls), 
immunosuppression, and massive spore exposure. It is also a 
common sequela to debilitating conditions such as starvation and 
toxicity. As the prevention of aspergillosis is much easier and more 
effective than treatment, it is recommended that any susceptible bird 
be put on prophylactic antifungal therapy. 

Raptors are hosts to many intestinal parasites.” Although the 
parasites are not often pathogenic, the risk remains, especially in 
captivity and during periods of stress. Diagnosis is made on the basis 
of direct and flotation fecal examinations. Treatment is similar to that 
in other avian species. 


Infectious Pododermatitis (Bumblefoot) 


Bumblefoot is a common problem seen in captive raptors and is 
almost always associated with inadequate management techniques. 
Diagnosis is based on history, physical examination, culture and 
sensitivity of open wounds, and radiology to evaluate the extent of 
bone involvement. Treatment varies, depending on severity.** Bacte- 
ria may play an important role in the pathogenesis of the disease, 
but bacterial infection is usually secondary. Heavier-bodied species 
such as snowy owls are more susceptible to bumblefoot compared 
with other species. 

Effective management is crucial to the prevention of bumblefoot. 
Providing species-appropriate perches (size, shape, and substrate) in 
enclosures and routinely monitoring the birds feet is important, as 
is managing weight to prevent obesity. Early signs of bumblefoot 
such as flattening of the papilla on the plantar surface of the foot 
and reddening or thinning of the epithelium should lead to manage- 
ment changes and treatment of the foot through bandaging or 
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application of skin tougheners such as Tuf Foot or camphor and 
benzoin. The fundamental goal of treatment is protection of the foot 
and removal of weight-bearing from the affected tissue with the use 
of bandaging techniques such as ball bandages, “shoes,” and inter- 
digital bandages.’ 


NONINFECTIOUS DISEASE 
Eye Trauma 


The large prominent eyes of owls make them susceptible to trauma. 
A complete ophthalmic examination, including assessment of the 
fundus, should be performed as part of any physical examination. 
This is best performed in a darkened room, with the bird under 
manual restraint; the authors have found it advantageous to use the 
PanOptic ophthalmoscope in owls because of its increased magnifi- 
cation and field of view. Ultrasonography may aid in the evaluation 
of the posterior segment in cases of anterior segment opacity or 
vitreal hemorrhage.” In many species of owls, the posterior aspects 
of the globe may be visualized through the aural aperture (Figure 
23-1). Because of this close association, eye trauma is often seen 
concurrently with aural trauma or blood in the ear opening. This 
access to the posterior segment also facilitates diagnostics, including 
vitreal aspiration for cytology and culture; instillation of therapeutic 
medication; and ocular surgery. 

As head trauma may often accompany eye trauma, a thorough 
neurological examination should also be performed. Stoic or frac- 
tious behavior in many owl species or in individual birds may make 
vision or neurologic assessments challenging. 


Anticoagulant Rodenticides 


Owls are at significant risk for secondary poisoning from anticoagu- 
ant rodenticides. Clinical signs include pallor of mucous membranes 
and a marked anemia, particularly in the absence of any traumatic 
injury. In addition, the affected bird may be weak or quiet, blood 
clotting may be slow after venipuncture, or the bird may show 
extensive bruising. A normal thrombocyte estimate in the face of 
prolonged bleeding or clotting times may be indicative of exposure 
o anticoagulant rodenticides. Prothrombin time (PT), a screening test 
for the extrinsic coagulation pathway, has been measured in various 
avian species, and a 25% increase above reference range PT is con- 
sidered indicative of exposure to anticoagulant rodenticides.”” As 
avian PT evaluation is complicated by a lack of standardized avian 
thromboplastin, Russell’s Viper Venom Time (RVVT), which shows less 
analytic variability, has been used to detect vitamin K deficiency in 
birds. A modified whole blood clotting time may also be performed as 
a screening test. Blood is collected into several uncoated capillary 
tubes and the tubes broken in half at 1-minute intervals until a clot 
forms. The normal clotting time in psittacine birds is less than 5 
minutes. ” Definitive diagnosis of anticoagulant rodenticide exposure 
requires identification of the compound in blood, tissues, or ingesta. 


Í a... 
FIGURE 23-1 The right ear opening of a long-eared owl (Asio otus). 
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TABLE 23-1 
Short-eared Owl Burrowing Owl 
(Asio flammeus) (Athene cunicularia) 
Tests Units Mean Reference Interval Mean Reference Interval 
White Blood Cell Count *10° 8.62 0-17.16 7.44 2.20-16.49 
cells/uL 
Red Blood Cell Count “105 2.44 5 
cells/uL 
Hemoglobin g/dL 
Hematocrit % 43.40 33.00-53.1 44.70 29.40-55.00 
MCV fL 179.00 = 
MCH pg 
MCHC g/dL 
Heterophils “10 3.67 0-8.74 4.00 0.97-10.92 
cells/uL 
Lymphocytes *108 3.55 0.00—7.55 2.53 0.50-6.82 
cells/uL 
Monocytes cells/uL 378.00 0-1286 278.00 0-1199 
Eosinophils cells/uL 663.00 0-2924 338.00 0-1704 
Basophils cells/uL 131.00 0.00-572 169.00 0.00-915 
Glucose mg/dL 299.00 212-395 321.00 209-450 
Blood Urea Nitrogen mg/dL 
Creatinine mg/dL 
Uric Acid mg/dL 9.10 0-16.70 8.60 1.80-25.90 
Calcium mg/dL 9.20 7.30-10.80 9.40 7.30-12.00 
Phosphorus mg/dL 4.70 ü 3.90 1.30-9.10 
Ca/Phos ratio 3.00 1.00-6.70 
Sodium mEq/L 153.00 135-169 
Potassium mEq/L 2.50 0.30—4.50 
Na/K ratio 67.10 7.50-116.80 
Chloride mEq/L 118.00 107-128 
Total Protein g/dL 3.30 1.90-4.40 3.50 2.50-4.80 
Albumin g/dL 1.60 0.50-2.50 1.60 0.80-3.30 
Globulin g/dL 1.80 0.60-2.80 1.90 0.30-3.10 
Alkaline Phosphatase IU/L 55.00 0-106 
Lactate Dehydrogenase IU/L 367.00 0-1071 
Aspartate Aminotransferase IU/L 250.00 0-447 164.00 68-322 
Alanine Aminotransferase IU/L 120.00 12-215 
Creatine Kinase IU/L 446.00 0-1012 428.00 94-1235 
Gamma-glutamyltransferase IU/L 
Amylase IU/L 731.00 211-1296 
Total Bilirubin mg/dL 
Cholesterol mg/dL 250.00 99-378 


nnn Et 
*Sample size is insufficent to produce a valid reference interval. 

From Teare, J.A. (ed.): 2013, “Select Owl Species _No_selection_by_gender_All_ages_combined_Conventional_American_Units_2013_CD.html” in ISIS 
Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, Bloomington, MN. 
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Eurasian Eagle Owl Verreaux”s Eagle Owl Snowy Owl Great Horned Owl 


(Bubo bubo) (Bubo lacteus) (Bubo scandiacus) (Bubo virginianus) 
Mean Reference Interval Mean Reference Interval Mean Reference Interval Mean Reference Interval 
12.77 3.76-30.69 14.00 0-26.53 9.78 3.06-26.11 13.08 4.14-27.71 
2.39 1.33-3.46 2.28 1.39-3.16 
11.10 4.5-17.4 13.40 8.02—18.30 
39.60 29.10-47.80 36.50 26.10-46.70 43.00 28.10-54.10 41.30 32.60-51.20 
184.50 110.00-256.90 176.50 134.80-221.50 
42.50 10.40-68.40 58.80 37.30-81.30 
25.00 10.80-38.08 32.20 22.90-41.30 
6.88 1.76-18.59 7.81 0-16.52 4.78 1.25-12.71 7.37 2.14-17.13 
4.68 0.87-14.50 4.72 0-11.84 3.74 0.74-12.05 4.18 0.88-11.01 
394.00 0-1952 328.00 0-899 271.00 0—1192 537.00 0-2215 
595.00 0-3401 879.00 0-2857 226.00 0-1322 599.00 0-3174 
147.00 0.00-770 99.00 0-420 83.00 0-511 196.00 0-1157 
350.00 281-426 317.00 222-409 335.00 221-456 336.00 256-417 
7.00 1-12 6.00 0-11 
0.30 0-0.70 0.50 2 
9.20 2.50-22.90 8.80 0-17.40 9.00 2.60-20.20 9.00 3.00-19.80 
9.80 8.00-13.00 10.00 8.00-11.70 9.50 7.40-11.60 9.40 7.70-11.60 
5.60 0.60-9.60 4.70 1.70-8.00 4.80 1.50-10.30 5.30 1.90-11.40 
1.90 0.70-3.10 2.20 0.60-3.60 2.40 1.00-5.00 2.20 0.90-4.80 
155.00 142-167 155.00 143-165 156.00 140-174 157.00 143-173 
3.10 0.90-5.00 3.20 1.80-4.50 3.00 1.50-6.10 3.00 1.20-5.00 
55.10 16.40-87.90 50.80 27.30-72.30 58.00 27.50-103.40 57.80 25.10-120.20 
119.00 107-129 120.00 * 116.00 107-127 118.00 101-130 
3.70 2.50-5.20 4.40 3.10-5.70 4.00 2.40-6.50 3.80 2.60-5.60 
1.80 0.10-3.20 1.60 0.80-2.40 1.50 0.90-2.50 1.60 0.80-3.10 
1.60 0-3.50 2.80 1.70-3.90 2.30 0.30-4.60 2.30 0.40-4.40 
31.00 5-58 39.00 11-111 51.00 16-163 
274.00 0-628 662.00 0-1812 490.00 0-1134 
164.00 55-331 142.00 36-230 272.00 108-570 188.00 86-347 
38.00 * 34.00 0-66 32.00 0-70 
485.00 0-1080 298.00 0-596 584.00 140-1592 633.00 128-1688 
5.00 0-16 
679.00 * 270.00 97-435 385.00 0-830 
0.20 0-0.40 0.20 0-0.60 
191.00 105-280 218.00 89-330 237.00 143-364 184.00 112-298 
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Treatment for rodenticide toxicity begins with the removal of any 
toxin remaining in the digestive tract and mitigating its effects with 
an activated charcoal lavage. Successful treatment of rodenticide- 
poisoned birds has been reported with the use of 2.5 milligrams per 
kilogram per day (mg/kg/day) of phytonadione (vitamin K;), a dose 
extrapolated from small animal medicine.” Vitamin K, may be given 
orally or parenterally, and it is recommended that initial doses be 
given parenterally until the patient is stable. If the patient presents 
with a packed cell volume (PCV) of less than 20%, or if during treat- 
ment the PCV drops below 20%, the blood loss may be treated with 
a transfusion from a healthy, conspecific individual. To prevent addi- 
tional blood loss, the intraosseous (ulna or tibiotarsus) mode of 
administration is recommended. 


Hepatic Lipidosis 

Hepatic lipidosis, a condition seen with increasing frequency in 
captive small owl species, has been diagnosed in several species 
of ovvls.”” It results from an excessive accumulation of lipids 
within the hepatocytes. Etiologies include an improper diet with 
excessive fat or carbohydrates or lack of lipotrophic factors; fat 
mobilization caused by anorexia, the increased lipogenesis resulting 
from diabetes or egg-laying; or decreased fatty acid oxidation or 
secretion in the liver. Diagnosis is made on the basis of signalment, 
history, clinical signs, and supportive testing. Patient obesity, 
increased plasma aspartate aminotransferase (AST), cholesterol, and 
bile acids, and an enlarged liver on palpation or radiography are 
indicative of the condition. The diagnosis may be confirmed by liver 
aspiration or biopsy; however, caution should be exercised, as bleed- 
ing may occur if clotting proteins are lacking. It is worth noting that 
evaluation of the body condition score (BCS) is extremely subjective 
and should not be used as the sole criterion to determine obesity. 
The BCS should be evaluated in conjunction with weight, level of 
flight activity, and diet. The authors are aware of cases of hepatic 
lipidosis in owls with extremely poor BCS. Hepatic lipidosis carries 
a poor prognosis, and treatment requires supportive care with easily 
digestible alimentation. It may take weeks or months to resolve the 
condition. 


Synovial Chondromatosis 


As a broad range of neoplasms have been described in owl species, 
in both captive and free-ranging individuals, neoplastic disease 
should be considered a differential diagnosis when consistent with 
clinical signs.'* In the authors’ experience, the most commonly seen 
neoplasm in free-ranging owls is synovial chondromatosis in the 
great horned owls (Bubo virginianus), primarily affecting the scapu- 
lohumeral joints.” The condition is characterized by the formation 
of chondral or osteochondral nodules in the synovial tissue of joints, 
tendon sheaths, or bursae. The etiology of these lesions in raptors is 
unknown. Diagnosis is made on the basis of signalment, clinical 
signs, and radiographic signs. Affected joints are firm and enlarged 
with limited range of motion. Patients are often severely debilitated 
because of inability to hunt. Radiography indicates mineralized 
nodules surrounding single or multiple joints (Figure 23-2). No 
treatment is available for this disease. 


RESTRAINT 
Behavioral Restraint 


Whether the captive owl is on display or presented on the handlers 
fist in educational programs, operant conditioning may increase the 
owls comfort level and enrichment and also assist in management 
procedures.'” Training may be used to facilitate medical procedures 
and for daily management processes. For example, owls may be 
trained to allow someone to lift up a foot to check the condition of 
the pad or to allow instillation of eye drops without physical restraint. 

Owls that are imprinted on humans may be highly tractable when 
immature but may display territorial behaviors, including aggression, 
as adults. Behavioral training is difficult, but critical, because unin- 
tentional reinforcement of some behaviors in young imprinted birds 
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FIGURE 23-2 A radiograph of a great-horned owl (Bubo virginianus) 
with synovial chondromatosis. This owl, admitted in August 1999 with 
a right ulna fracture, was banded and released back into the wild in 
October 1999. It was readmitted in 2011 in poor body condition, with 
poor range of motion of both shoulders, and a fracture of the left radial 
carpal bone. 


FIGURE 23-3 Proper restraint for safely carrying an owl (Strix 
nebulosa). 


often leads to undesirable adult behaviors. Imprinted owls may also 
display unusual behaviors that may be unhealthy, for example, 
ingesting foreign materials and self-plucking or mutilation. 


Manual Restraint 


The main goals of proper handling are to ensure the safety of the 
owl, the handler, and any other participants in the procedure; to 
minimize stress; to maintain feather condition; and to provide proper 
positioning for procedures. Protective eyewear and gloves should 
always be used. Control of both legs of the owl is critical as its main 
defense is use of its powerful feet and sharp talons. Controlling the 
wings at all times is also important to prevent injury to the bird 
(Figure 23-3). 
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Common capture techniques used with captive owls include 
casting off a glove, body grab, leg grab, and use of a net for small 
species. Each technique is employed under appropriate circum- 
stances and has both advantages and disadvantages. The most 
important factor is to have a well-thought out plan and have the 
proper personnel and equipment to implement the plan. 


Anesthesia, Chemical Restraint, 
and Pain Management 


Full anesthesia is most appropriately achieved through the use of 
gas anesthetics such as isoflurane, desflurane, or sevoflurane. Use 
of rompun, ketamine, or both is discouraged in owls because of 
species variability in response, especially in Bubo spp.” Response 
in Strix species is acceptable. Other injectables such as medetomi- 
dine or dexmedetomidine and midazolam have anecdotally been 
used successfully in owls; brief research on the use of propofol has 
been published.””” Propofol may prove to be the most useful short- 
term anesthetic agent in situations where gaseous agents are not 
available. Current analgesic agents of choice include torbugesic 
(anesthetic-sparing and intraoperative or postoperative analgesia at 
1 to 3 mg/kg; typically 0.3 mg/kg) and meloxicam (well tolerated at 
doses up to 1 mg/kg and four times in 24 hours [q24h]). 
Monitoring of body temperature during anesthesia is important, 
especially in northern species of owls such as great gray owls (Strix 
nebulosa) and snowy owls (Bubo scandiacus), as they have a heavy 
coat of down insulation and tend to overheat quickly. Ice packs may 
be placed on the extremities to reduce body temperature, when 
necessary. 

Readers are referred to other comprehensive guidelines on avian 
anesthesia, including intubation, ventilation, and anesthesia by air 
sac cannulation. ”“l 


SURGERY 


Few surgical procedures or approaches are unique to owls. Unique 
adaptations of two procedures are discussed below. 

As previously discussed, owl eyes are extremely large compared 
with those of other species and are frequently involved in trauma. 
In addition to trauma, owls may present with intraocular and post- 
orbital tumors, abscesses, or panophthalmitis. Occasionally, exten- 
sive pathology leaves enucleation as the only treatment option. 
Enucleation is used to decrease the likelihood of secondary compli- 
cations or to make the owl more comfortable when the conditions 
mentioned above are present. The extensive aural opening in the 
owl has been used to modify the approach to enucleation of the 
eye and presents an option to the globe-collapsing procedure used 
in other avian species. An advantage of the transaural approach is 
that it allows for complete histological examination.” It is worth 
noting that enucleation results in significant disfigurement to the 
face and facial disk, likely impacting the owl’ hearing, and may 
also affect the birds balance for a short time. An alternative to enucle- 
ation is evisceration, a procedure in which the sclera and associated 
ossicles are left in the orbit. This procedure is contraindicated if 
infection or neoplasia is present, or if complete histologic examina- 
tion is required. 

Like many other raptors, owls are frequently seen for long-bone 
fractures. Repair of the tibiotarsus, which has unique anatomy in the 
owl and is often fractured secondary to tethering in captivity, is 
presented here as an example of surgical repair of a long bone. The 
most commonly used technique for repairing tibiotarsal fractures is 
he external skeletal fıxator—intramedullary pin tie-in (ESF-IM tie- 
in), which has been described in the literature and has been used in 
avian orthopedics since 1995 (Figure 23-4).” The choice of intra- 
medullary pin size in the tibiotarsus must take into consideration 
hat the bone has a triangular shape proximally and flattens ventro- 
dorsally as it nears the tarsometatarsal joint; the narrowest part of 
he bone may be evaluated most easily on a lateral radiographic view. 
In addition, placement of external fixator pins in the distal limb is 
assisted by knowledge of the location of the extensor canal, which 


Extensor 
canal 


FIGURE 23-4 A radiograph of a great-horned owl (Bubo virginianus) 
with external skeletal fixator-intramedullary tie-in fixation on both 
tibiotarsi. The arrow is pointing to the extensor canal. 


is on the metatarsus in an owl, rather than on the distal tibiotarsus 
as in diurnal raptors. Alignment of the fracture site is critical, as is 
reestablishing normal bone length. Failure to do so may result in 
uneven weight bearing over the long term and the development of 
bumblefoot in the contralateral foot. As uneven weight bearing is 
also a concern during the healing phase, it is recommended that a 
prophylactic bandage be applied to the contralateral foot during 
recuperation. The mean healing time for a tibiotarsal fracture in 
raptors is 31 days.” Dynamic destabilization of the fixation, with 
removal of the intramedullary pin after 10 to 14 days, is recom- 
mended to prevent the likelihood of damage to the stifle. 

Coracoid fractures occur infrequently in owls and may be suc- 
cessfully managed through coaptation.”” Treatment consists of appli- 
cation of a body wrap,’ cage rest, and regular physical therapy for 
approximately 3 weeks. Bandaging of any type may present chal- 
lenges in owls, as many species are known for their chewing tenden- 
cies. Often, close monitoring of some conditions without bandaging 
is more successful than frequent replacement of bandages. A layer 
of duct tape over a bandage (not directly on the feathers) may be 
required in owls. 


THERAPEUTICS 


Given the ever-increasing number of therapeutic medications avail- 
able, as well as ongoing research, veterinarians are urged to consult 
a current formulary and review the current literature prior to 
initiating treatment with any drug. In general, drugs used in other 
raptor species are safe to use in owl species. An exception may 
be intravenous administration of enrofloxacin. Two great horned 
owls (Bubo virginianus) showed acute weakness, bradycardia, and 
peripheral vasoconstriction during intravenous injection of enro- 
floxacin. The same response was not seen in red-tailed hawks (Buteo 
jamaicensis). 
The authors currently do not use any topical, oral, or parenteral 
steroids in owls because of the risk of immunosuppression. An 
exception is the use of methylprednisolone sodium succinate for the 
treatment of acute spinal cord injuries (30 mg/kg, intramuscularly 
[IM]; two treatments 12 hours apart). 


REPRODUCTION 


Most owls in the family Strigidae are monogamous; many pairs 
having strong pair-bonds that last over multiple seasons. Extra-pair 
copulations and polygamy are seen in strigids; polygamy is observed 
particularly during seasons of prey abundance.”” Breeding in the 
tropics may occur in any month, whereas in other regions, it may 
be seasonal, depending on the weather, temperature, or breeding 
activity of the mammalian prey species. Two main kinds of nest sites 
are found in the family Tytonidae: (1) those in natural cavities, typi- 
cally in trees; and (2) those in grassy areas, where nests may be 
contained safely in dense vegetation. Strigids use stick nests made 
by other birds, cliff ledges, cavities, and grassy sites, whereas the 
burrowing owl (Athene cunicularia) uniquely nests in burrows in the 
ground. Manmade structures such as churches, towers, barns, 
castles, abandoned cottages and warehouses, chimneys, and other 
structures that provide a cavity may also be used. Nest-type affinity 
varies among the species. 

Clutch size is variable across the family Tytonidae, ranging from 
1 to 2 eggs in the greater sooty owl (Tyto tenebricosa) to 2 to 14 eggs 
in the common barn owl (Tyto alba). Strigids’ largest clutch contains 
nine eggs, with four to seven eggs on average. Average interval 
between egg laying in owls is 1 to 2 days and may be up to 4 days. 
Eggs that are hatched asynchronously result in chicks in the nest 
having significant differences in age. If food becomes scarce, the 
oldest remain well fed, whereas the youngest may starve. Most 
strigids only breed once per season, primarily because of the length 
of the breeding cycle. Incubation period may range in the family 
Tytonidae from 29 to 34 days in the common barn owl (Tyto alba) 
to 40 to 42 days in lesser sooty owl (Tyto multipunctata). In strigids, 
it ranges between 22 days (small species) and 32 days (larger species). 
The female incubates the eggs, as she possesses a brood patch, and 
the male brings food to the female while she tends the nest. The 
female is primarily responsible for protecting the chicks from preda- 
tors. When the chicks hatch, she does not leave the nest unattended 
until the youngest chick is approximately 2 weeks old. The chicks 
huddle together to minimize heat loss. Fledge age may range from 
42 to 90 days, depending on the species, and chicks are given food 
by parents long after fledging.” 
The Association of Zoos and Aquariums (AZA) manages five 
species of owls in zoos or related institutions in a Species Surviva 
Plan (SSP) or studbook program, which includes the burrowing 
owl (Athene cunicularia, SSP); the Eurasian eagle owl (Bubo bubo, 
SSP); the spectacled owl (Pulsatrix perspicillata, SSP); the snowy ow 
(Bubo scandiacus, studbook); and the Verreaux’s eagle owl (Bubo 
lacteus).* This management attempts to maintain the genetic diversity 
of each of the species bred in captivity. Managed owls are used for 
education programs or for ex situ conservation, in an attempt to 
sustain captive populations. The Raptor Taxon Advisory Group 
(TAG) meets every 3 years, reviewing the owls that remain in zoos 
and recommending phase-outs to make space for managed species. 
Permanently injured owls from wildlife rehabilitation centers are also 
commonly displayed in zoos. Although these birds may not be bred 
in captivity, they are useful to increase public awareness of native 
owl species. 


CONSERVATION MEDICINE 


Like other birds of prey, owls are excellent biosentinels.°' Owl species 
are widely distributed, territorial, and generally nonmigratory. North 
American migratory species include the short-eared owl (Asio flam- 
meus), the long-eared owl (Asio otus), and the Northern saw-whet 
owl (Aegolius acadicus). Owls, in general, have a high reproductive 
rate and trophic status. As such, owls bioaccumulate many sub- 
stances through their prey and have been shown to be sensitive to a 
wide variety of environmental contaminants, including pesticides, 
polychlorinated biphenyl (PCB), and heavy metals.” 

Owls are at significant risk for poisoning from anticoagulant 
rodenticides. A recent paper analyzed the livers from 164 owls; 70% 


CHAPTER 23 = Strigiformes 197 


of the livers had residues from at least one rodenticide, 41% con- 
tained residues of more than one rodenticide.’ Another paper esti- 
mated that “a minimum of 11% of the sampled great horned owl 
(Bubo virginianus) population is at risk of being directly killed by 
second-generation anticoagulant rodenticides.”” The Environmental 
Protection Agency (EPA) recently banned numerous mouse and rat 
poison products to protect children, pets, and wildlife from acciden- 
tal exposure.'* 

Owls may also serve as biosentinels for zoonotic diseases such as 
WNY infection that involve enzootic or sylvatic transmission cycles. 
Many owl species are susceptible to WNV infection,” and detection 
of VVNV in raptor species may be used as an early warning system 
with regard to threat to human and equine health along with other 
techniques. VVNV infection in some owl species may have public 
health implications. For example, experimentally infected great 
horned owls developed a viremia sufficient to infect mosquitos, and 
thus it was demonstrated that the owls could serve as amplifying 
hosts. These same owls shed large quantities of virus in oral and 
cloacal secretions, which could be a source of infection for human 
handlers.” 
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CHAPTER 24 


Caprimulgiformes (Nightjars 


and Allies) 


Rosemary J. Booth 


BIOLOGY 


The order Caprimulgiformes (nightjars and allies) comprises five 
families and 120 species of large-eyed, wide-mouthed, superbly cam- 
ouflaged birds. Family Podargidae (frogmouths), Family Aegotheli- 
dae (owlet-nightjars), and Family Caprimulgidae (nightjars and 
nighthawks) are predominantly from Australasia. The European 
nightjar (Caprimulgus europaeus) is migratory between Europe and 
Africa. Family Steatornithidae (oilbirds) and Family Nyctibiidae 
(potoos) are from South America. Despite their superficially similar 
external appearances, taxonomists argue that Caprimulgiformes 
birds differ distinctly in many anatomic features. Strong evidence 
suggests sister taxa status between Aegothelidae (owlet nightjars) and 
the diurnal Apodiformes (swifts and hummingbirds) and that 
perhaps all six families belong to a clade with a shared common 
ancestor.” Caprimulgiformes species also share morphologic affini- 
ties with Strigiformes (owls).” 

Most birds in this order are nocturnal and insectivorous and live 
in bonded pairs during the breeding season, but the oilbirds set 
themselves apart by living in colonies in caves by day and feeding 
on fruit by night. 

The tawny frogmouth (Podargus strigoides) will be the main focus 
of this chapter because among the members of this order, it is the 
most commonly maintained one in captivity, with 273 specimens in 
92 institutions worldwide (International Species Information System 
[ISIS], 2012). 


UNIQUE ANATOMY 
Plumage 


A distinctive feature of all Caprimulgiformes species is their excellent 
camouflage. Species that roost and nest in the open by day rely on 
their cryptic coloring and cryptic postures for protection (Figure 
24-1). Nightjars roost and nest on the ground, and their colors match 
their local substrate. When danger approaches, birds of this order 
flatten their plumage, extend their neck, close their eyes to mere slits 
and remain motionless to blend into the background. The plumage 
of all Caprilmulgiformes species is not only intricately shaded but 
also soft, loose, and fluffy, facilitating both camouflage and silent 
flight.’ 

Sensory rictal bristles on the face are another feature of the order, 
although they are absent in potoos. These bristles also assist with 
camouflage by obscuring the outline of the beak. 

A naked vestigial uropygial gland is present in most species but 
absent in frogmouths and potoos, which maintain their plumage 
with the assistance of large femoral powder down patches. Powder 
down is absent in the other families. ”” 


Special Senses 


Because all Caprimulgiformes species are nocturnal or crepuscular, 
they have large eyes and a reflective tapetum lucidum to assist with 
low-light hunting. Evidence suggests that they require at least the 
light of dawn or dusk or bright moonlight to hunt successfully. 
Oilbirds also have a well-developed olfactory organ to assist with 
location of aromatic fruits.” 


Respiratory System 


Most Caprimulgiformes species produce their vocalization via a tra- 
cheobronchial syrinx. Oilbirds have an asymmetrical bronchial 
syrinx with which they produce echolocating sonar clicks, which 
enable them to navigate in the absolute darkness of roosting caves 
(Figure 24-2).>? 


Gastrointestinal System 


All Caprimulgiformes species have a vestigial, flaplike tongue, 
which contributes little to the swallowing process (Figure 24-3). 
Caprimulgiformes species have no crop, and large ceca (5 centime- 
ters [cm] in tawny frogmouths) are present in all species except 


5,20 


owlet-nightjars.’ 


Musculoskeletal System 


All Caprimulgiformes species have anisodactylous feet, with digit 1 
pointing backward and digits 2 to 4 pointing forward. Digit 2 is quite 
mobile.” ” The feet are small and weak. 


SPECIAL PHYSIOLOGY 
Low Basal Metabolic Rate 


Caprilmulgiformes species have low basal metabolic rates (BMRs) 
compared with other birds, with the Podargidae having the lowest 
avian metabolic rate (40% to 70% of the BMR for an equivalent-sized 
nonpasserine). This low BMR is reflected in unusually low physio- 
logic values of body temperature in the order of 37°C to 38.5°C, 
heart rate of 125 to 150, and respiratory rate of 10 to 20.”/” Tawny 
frogmouths and potoos are heat tolerant but will pant when the 
ambient temperature exceeds 40°C.'°"" 


Facultative Heterothermy 


Facultative heterothermy, or torpor, is a physiologic state character- 
ized by episodes of reduced BMR and low body temperature in 
response to low ambient temperature. Tawny frogmouths are one of 
the avian species that may use torpor to conserve energy in response 
to low ambient temperature, food shortage, or both. Nightly torpor 
bouts may last for several hours, and the body temperature may drop 
to 29°C." Daily torpor has been observed in seven orders of birds, 
particularly Caprimulgiformes and Trochilidae, and is employed at 
a variety of ambient temperatures and seasons.’ The smaller 
Caprimulgiformes species employ torpor during the day, whereas 
tawny frogmouths have been observed to regularly use shallow 
torpor for several hours during the night following a bout of foraging 
at dusk, then rewarming at dawn for a second bout of foraging. ° 

In the Arizona desert, some common poorwills (Phalaenoptilis 
nuttalli), which weigh 45 gram (g), undergo true hibernation lasting 
for up to 85 days in vvinter. ” Other individuals and close relatives 
use the alternative strategy of migration. In hibernating poorwills, 
body temperature falls to as low as 4.8°C, and BMR may drop by 
93%." 
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A, Diurnal roosting behaviour of the tawny frogmouth (Podargus strigoides) demon- 
strating camouflaged plumage, cryptic posture, and perch selection. B, Nocturnal hunting behavior 
from an elevated perch. (Courtesy John Young www.johnyoungwildlife.com.) 


A tawny frogmouth (Podargus strigoides) showing the 
wide gape, vestigial tongue, and sensory rectal bristles. (Courtesy of 
Pauline Gaven.) 


Aviaries should be large enough to allow flight when the birds are 
active at night, with a recommended minimum measurement of 3 
meters (m) width, 6 m length, and 3 m height. Large-gauge wire 
mesh may be used to allow nocturnal insects to enter the aviary. 
Vegetation should simulate a eucalypt woodland, and natural perch- 
ing should have a range of diameters and heights to allow choice 
and avoid pododermatitis. An undercover area, approximately one 
third of the aviary, should contain high perching for day time roost- 
ing in an area visible to the public. Frogmouths often choose to roost 
in sites exposed to heavy rain. Hollow logs placed vertically and 
forked perching with thick textured bark in a colour that blends with 
the birds’ plumage makes an attractive display (see Figure 24-1). A 
natural aviary substrate provides extra prey and behavioral enrich- 
ment, and a sand area under roosting perches facilitates cleaning. 
The diurnal roosting behavior and temperament of tawny 


frogmouths allows a unique display opportunity in that they may be 
placed on a perch outside an aviary or in a classroom, and they will 
usually sit tight for hours if provided with some browse for cover 
and minimal supervision. 

Owlet-nightjars roost in hollows during the day and so are not 
suited to outdoor displays unless perspex viewing ports or spy 
cameras are used. Owlet-nightjars require at least two horizontally 
placed roosting logs or nest boxes per bird, fixed high on walls in a 
sheltered area of the aviary.’ Nocturnal house displays have been 
tried with varying success. 

Tawny frogmouths acquire most water from their food or from 
rain. Their legs are unsuited to walking to the edge of a pond to 
drink. An elevated, broad, shallow water supply should be available 
near the favored roost site, and a range of perching should be avail- 
able so that the birds may sit in the rain if they choose to. Nightjars 
have been observed taking water on the wing, much like swallows, 
and skimming along the surface of a lake. 


Diet of Free-Ranging Birds 


Most members of this order are adapted to a diet of nocturnal insects 
and small vertebrates, with the exception of the oilbird, which is a 
tugivore. The wild tawny frogmouths diet consists of 78% insects, 
18% other invertebrates (worms, slugs, and snails), and 4% verte- 
brates (small mammals, amphibians, reptiles, and birds)” The pro- 
portion of vertebrates in the diet increases in winter when insects 
are less abundant. The heavily ossified and muscled bills of Caprimul- 
giformes species form a stong snap trap, enabling them to eat larger 
prey, which they crush or vigorously beat on branches before 
swallowing.” 
Most food is obtained by pouncing to the ground from a tree or 
other elevated perch. Flying insects are caught on the wing and 
swallowed whole. Ingested grit and stones help break down prey.’ 
Oilbirds eat the fruits of a wide range of tree species, predomi- 
nantly palms, laurels, and incense trees. They feed on the wing and 
swallow the fruits (up to 6 cm in diameter) whole. The seeds are 
regurgitated, and mounds of decaying seeds are left on the floor o 
their roosting caves.’ 


Diet of Captive Birds 


Captive Caprimulgiformes species require a high-protein insectivore 
or carnivore diet. The tawny frogmouth may be maintained on whole 
mice, chopped day-old chicks, and a variety of insects, including 
grasshoppers, crickets, mealworms, and cockroaches plus good- 
quality insectivore or carnivore mix molded into balls. Calcium 
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FIGURE 24-3 The asymmetrical bronchial syrinx of the oilbird, which may produce clicks used for 
echolocation (A) compared with the tracheobronchial syrinx of the other Caprimulgiformes (B). (Cour- 


tesy of Mark Blyde.) 


supplementation is required with a diet of juvenile rodents or day-old 
chicks. Providing inactive food in a dish, either on a perch or on the 
ground, does not trigger a hunting response in most birds, and hand 
feeding is usually required. Most tawny frogmouths readily gape for 
food after a short time in captivity. The gaping begins as a threat 
response but is eventually conditioned to a useful feeding routine. 
A range of light sources and moth traps may be used to attract noc- 
turnal insects to the aviary to supplement the diet. 

Rescued wild frogmouths, owlet-nightjars, and nightjars rarely 
self-feed, so initial force-feeding and then hand feeding are usually 
required until release. Nightjars have a large stomach capacity 
accounting for 20% to 25% of a birds body weight when full.” 

The general rule of feeding 10% to 25% body weight applies, 
with smaller and younger birds requiring the high end of this range. 
Sedentary birds maintained in a thermoneutral environment obvi- 
ously require less food compared with mobile birds with thermo- 
regulatory needs. 


RESTRAINT AND HANDLING 


Most Caprimulgiformes are docile birds in captivity and are assessed 
as low risk or innocuous to handlers. Usually, handlers do not need 
gloves or protective clothing to protect themselves, but a towel is 
useful to handle aggressive wild frogmouths. Most species adopt 
their stick posture when approached during the day and are then 
easy to capture by hand. Net capture may be required at times, and 
the occasional individual may be aggressive and fly at the face of 
keepers when approached. Such birds may generally be gradually 
conditioned with food rewards to remain perched. The beak of a 
tawny frogmouth may exert significant crushing force, so handlers 
should avoid bites by grabbing wild or aggressive birds from behind 
and controlling the head. The feet of Caprimulgiformes are weak and 
harmless. The smaller species drop their feathers to avoid predation, 
so they must be handled gently but firmly. Owlet-nightjars are 
nervous birds but are caught easily during the day from their roost 
logs or boxes. 


ANESTHESIA AND SURGERY 


Preanesthetic evaluation is recommended, as well as stabilization of 
dehydrated or debilitated birds with warmed subcutaneous lactated 
Ringer solution (up to 40 milliliters per kilogram [mL/kg]). Isoflu- 
rane administered via a T-piece and face mask and then via endotra- 
cheal tube is the anaesthetic of choice (typically 5% induction, 1% 
to 2.5 % maintenance to effect). The epiglottis is absent in avians, 
which increases their susceptibility to aspiration. For birds weighing 
200 to 400 g, fasting for 2 to 4 hours, followed by intubation with 
an uncuffed tube, is advisable. The phalanges make a suitable 


attachment point for pulse oximetry. The birds should be placed in 
lateral or ventral recumbency as soon as possible after surgery to 
reduce inspiratory effort. 

Traumatic injuries requiring surgery are common. Closed mid- 
shaft fractures of the radius or ulna where one bone is still intact 
have an excellent prognosis, with a “figure-of-eight” support bandage 
immobilizing the elbow and the carpus for 2 to 3 weeks, followed 
by early ambulation to avoid contracture of the patagium. Open 
fractures carry a worse prognosis, but surgical repair is certainly 
possible. Fractures within a centimeter of a joint have an unfavorable 
prognosis because of the possibility of arthrodesis caused by diffuse 
calcification common in avian fracture healing. Serious oral injuries, 
including beak fractures, pharyngeal lacerations, and tongue inju- 
ries, may occur from mouth-to-mouth fighting between incompat- 
able individuals. Pharyngeal wounds may be so deep that they 
progress to osteomyelitis and septicemia.’ Beak fractures may be 
repaired successfully by wiring. The tongue also may be injured 
during force-feeding, as it may be pushed back and creased, later 
dropping off at the site of trauma.*’ Injured tongues generally heal 
well. Tawny frogmouths have a high risk of trauma caused by motor 
vehicles because automobile lights illuminate prey, which attracts the 
birds to approach the roads for foraging. Owlet-nightjars and night- 
jars are at greater risk of predation becaue of their small size and 
ground dwelling habits. 

Cataracts are common in captive and rescued tawny frogmouths, 
generally occurring secondary to trauma and may be removed via 
phaco-emulsification if preoperative electroretinography indicates 
retinal health and a likely return of sight. 

Nociception in birds is similar to that in mammals.’ Meloxicam 
is the analgesic and anti-inflammatory agent of choice at a dose of 
0.3 to 0.5 mg/kg intramuscularly (IM), intravenously (IV), or orally 
(PO), twice daily (BID). ° Other nonsteroidal anti-inflammatory 
drugs (NSAIDs; diclofenac, carprofen, flunixin, ibuprofen, and 
phenylbutazone) have been associated with nephrotoxicity, visceral 
gout, and mortality in Caprimulgiformes species, but with adminis- 
tration of meloxicam to over 700 birds from 60 species, no mortali- 
ties have been reported.’ 


DIAGNOSTICS 
Clinical Examination 


A full clinical examination involves a systematic examination of the 
external features, examination of all orifices for discharges, and 
evaluation of all body systems. Initial examination is best carried out 
in the aviary to assess locomotion, particularly the ability to fly and 
wing symmetry, and behavior prior to handling. Respiratory effort 
should be judged from a distance when the bird is at rest on its 
perch. Assessment of preening activity requires examination of the 
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FIGURE 24-4 Normal tawny frogmouth nestlings have cloudy eyes 
which clear soon after fledging. (Courtesy of Larry Dunis.) 


ih 
FIGURE 24-5 Common consequences of ocular trauma, torn iris 
fibrils, and calcification of the anterior lens capsule. Such injuries often 
accompany hemorrhages of the pectin. (Courtesy of Rosemary 
Booth.) 


powder down patches in species in which the uropygial gland is 
absent. 

Particular attention should be paid to the eyes, especially if the 

bird is not flying, as flight is dependent on sight in birds. The large 
eyes of the Caprimulgiformes species are highly prone to traumatic 
injury (Figure 24-4). Opthalmoscopy is obligatory in traumatized 
birds, as hemorrhages in the pecten oculi is a common occurrence 
and carries a poor prognosis for rehabilitation of wild birds.'* Mydri- 
asis is best achieved under general anesthesia, since the iris of birds 
contains striated intraocular musculature, which responds poorly to 
atropine or tropicamide.'* Bilateral homogeneous ocular cloudiness 
is normal in tawny frogmouth and owlet-nightjar nestlings, but the 
eyes clear as the birds mature (Figure 24-5). 
Because the Caprimulgiformes species have a low BMR, the 
expected physiologic values are as follows: heart rate 120 to 150, 
respiratory rate 10 to 20, and body temperature 37°C to 38.5°C. As 
body temperature is volatile in birds during handling, cloacal tem- 
perature is not always a useful measure. 

Body weights of wild and captive tawny frogmouths show 
seasonal variation, with peaks in autumn and early winter. Gut fill 
also contributes to body weight, and a full stomach in nightjars 
may weigh 20% to 25% of total body weight. An attempt to weigh 
birds should always be made before feeding and at the same time 
each day. 


Hard data on longevity is scarce, partly because many captive 
birds arrive as unreleasable adults. Tawny frogmouths have a life 
expectancy of around 15 years. 


Blood Collection, Hematology, 
and Serum Biochemistry 


The jugular vein, visible in the featherless tract on the right side of 
the neck, is the preferred venipuncture site; however, it may be 
obscured completely by subcutaneous fat in tawny frogmouths in 
prewinter conditions, and the cutaneous ulnar vein should be 
used.*' Reference ranges for hematologic and serum biochemistry 
values for tawny frogmouths are presented in Table 24-1 (ISIS, 
2013). Haemoproteus and Leucocytozoon organisms may be seen in 
the erythrocytes of a range of Caprimulgiforme species and are gen- 
erally nonpathogenic. 


DISEASES 


Published reports on the viral diseases of wild birds may underrep- 
resent the true extent of viral infections in a particular order of birds. 
It is necessary to remain constantly vigilant for possible zoonotic or 
notifiable diseases when handling sick and injured wildlife. Particu- 
lar care is required when handling wild birds that are in poor body 
condition, which is evidence of underlying systemic disease. 


Infectious Disease 


Inclusion body hepatitis from suspected adenovirus infection is a 
common finding in wild tawny frogmouths in eastern Australia. 
Affected birds show weakness, depression, or secondary traumatic 
injury and generally die while in care. At necropsy, the liver is found 
enlarged and friable. Histopathologic examination demonstrates foci 
of acute hepatocellular necrosis, with intranuclear eosinophilic to 
basophilic inclusion bodies in hepatocytes at the margins of these 
lesions.”” Cutaneous poxlike lesions have been seen on the face and 
feet of several wild frogmouths. Histopathologic findings are typical 
of avianpox, with epithelial proliferation and abundant intracyto- 
plasmic pox inclusions. 

Erysipelothrix rhusiopathiae has caused septicemia and sudden 
death in tawny frogmouths. Necropsy findings have demonstrated 
pericarditis and hepatomegaly, with clumps of intracellular gram- 
positive bacteria in the vessels and hepatic sinusoids. Rodents and 
insects may act as vectors for this disease.*! 

Aspergillosis with pneumonia and airsacculitis may occur in hos- 
pitalized wild birds. Prophylactic oral itraconazole at 20 mg/kg, once 
daily (SID), is recommended for Caprimulgiformes species in situa- 
tions of long-term stress. 

Cryptococcus neoformans has been cultured from the fresh feces of 
a captive tawny frogmouth but has not been identified as a cause of 
disease in the species.”* 


Parasitic Diseases 


Ectoparasites 

The most common and obvious parasites of tawny frogmouths 
are two species of flat fly in the family Hippoboscidae: Ornithoica 
podargi and Ornithomya fuscipennis (Figure 24-6). These are biting 
flies known to transmit Haemoproteus in other avian species. They 
may be controlled with topical permethrin sprays or carbaryl powder. 
Heavy burdens may be debilitating. 

Other ectoparasites identified in the Caprimulgiformes species 
include ticks (Haemaphysalis bremneri), lice (Podargoecus tasmaniensis 
and Nyctibicola spp.), and feather mites (Ascouracarus vassilevi and 
Nyctibiolichus spp.).”! 


Endoparasites 

Eosinophilic meningoencephalitis caused by Angiostrongylus canto- 
nensis is an emerging disease in free-living tawny frogmouths in 
Australia. Histologic surveys from the Sydney region have suggested 
a dramatic increase in the incidence of this disease in tawny frog- 
mouths over the last 2 decades. ° A. cantonensis is a nematode, which 
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TABLE 24-1 Tr —. 


Test Units Mean Standard Deviation Minimum Value Maximum Value Sample Size Animals 
White blood cell count *10°%/uL 12.7 6.3 2.40 43.20 124 77 
Red blood cell count “109/uL 2.2 0.5 0.60 3.15 42 28 
Hemoglobin g/dL 13.5 3.3 8.40 23.80 42 25 
Hematocrit % 41.0 4.7 29 53 131 83 
Mean corpuscular volume fL 184.7 34.7 125 272 40 27 
Mean corpuscular hemoglobin pg/cell 63.4 21.9 38 111 25 15 
Mean corpuscular hemoglobin g/dL 32.9 6.7 19 54 41 25 
concentration 
Platelet count *10°/uL 7.0 0.0 7.0 7.0 1 1 
Heterophils “103/uL 6.1 4.0 1.11 30.20 121 74 
Lymphocytes *10°/uL 5.0 3.2 0.36 18.10 120 73 
onocytes *10%/uL 0.8 0.7 0.05 3.54 95 60 
Eosinophils *10°/uL 0.7 At 0.04 6.72 80 50 
Basophils *10°%uL 0.7 0.6 0.06 3.04 90 57 
Calcium mg/dL 9.8 2.4 0.0 19.4 89 70 
Phosphorus mg/dL 3.7 22 1:1 9.0 54 43 
Sodium mEq/L 154 7 140 166 37 29 
Potassium mEq/L 2.7 0.9 1.3 4.9 38 29 
Chloride mEq/L 113 9 84 135 29 22 
Bicarbonate mEo/L 19.3 2.2 16.0 21.0 
Carbon dioxide mEq/L 22.8 5.6 17.0 35.0 8 
Iron ug/dL 250 0 250 250 I 1 
Magnesium mg/dL 1.70 0.00 1.70 1.70 1 i 
Blood urea nitrogen mg/dL 4.0 2.0 2.0 8.0 33 26 
Creatinine mg/dL 0.4 0.2 0.1 0.9 29 24 
Uric acid mg/dL 6.4 4.0 0.0 20.9 102 74 
Total bilirubin mg/dL 0.2 0.2 0.0 0.6 25 19 
Direct bilirubin mg/dL 0.0 0.1 0.0 0.1 4 3 
Indirect bilirubin mg/dL 0.3 0.2 0.0 0.5 4 3 
Glucose mg/dL 314 84 33 574 85 66 
Cholesterol mg/dL 308 75 158 478 54 40 
Triglyceride mg/dL 283 523 36 2290 19 15 
Creatine phosphokinase IU/L 979 639 186 3421 56 49 
Lactate dehydrogenase IU/L 345 342 52 1800 45 38 
Alkaline phosphatase IU/L 120 121 6 675 58 45 
Alanine aminotransferase IU/L 28 45 1 259 42 31 
Aspartate aminotransferase IU/L 229 99 63 639 102 77 
Gamma glutamyltransferase IU/L 38 91 0 295 10 10 
Amylase U/L 598 294 265 1483 14 12 
Total protein g/dL 4.3 0.9 2.3 7.0 89 71 
Globulin g/dL 2.1 0.6 0.8 3.6 44 36 
Albumin g/dL 2.0 0.4 1.3 3.0 47 38 
Fibrinogen mg/dL 125 50 100 200 4 4 


*From up to 124 samples from up to 83 individuals from 30 institutions. 
fL, Femtoliters; g/dL, gram per deciliter; /U/L, international unit per liter; mEq/dL, milliequivalent per deciliter; mg/dL, milligram per deciliter; wl, microliter; 
pg, picogram. 


requires an invertebrate intermediate host, mainly slugs and snails, paratenic hosts, ingested third stage larvae migrate to the brain via 
and a definitive terrestrial mammalian host, usually Rattus spp. the bloodstream. Affected humans report severe headaches, stiff 
Paratenic hosts, in which the parasites do not develop to the next necks, and clouded consciousness and paralysis of the fifth cranial 
stage, may be either invertebrates or vertebrates and include species nerve.”” Eosinophilic meningoencephalitis should be suspected 
that eats mollusks, including humans and tawny frogmouths. In as a differential diagnosis in tawny frogmouths presenting with 
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FIGURE 24-6 Hippoboscid flies are a common ectoparasite of tawny 
frogmouths (Podargus strigoides). (Courtesy of Pauline Gaven.) 


neurologic signs, including bad temper and reluctance to fly. In 
humans, peripheral blood and cerebrospinal fluid (CSF) eosinophilia 
strongly support a diagnosis of Angiostrongylus meningoencephalitis 
but may appear only late in the course of illness or occasionally not 
at all” Enzyme-linked immunosorbent assay for A. cantonensis 
antigen is available and may be performed on serum or CSF Paired 
ests may be required. Immune responses provoked by dead worms 
may cause severe inflammation, so the use of anthelmintics in treat- 
ment is a risk that must be assessed. Treatment with corticosteroids 
is primarily aimed at reducing inflammation and intrathecal pres- 
sure. The disease may be fatal, but humans generally recover over a 
period of weeks.” Tawny frogmouths with a presumptive diagnosis 
based on the presence of neurologic signs and eosinophilia have been 
reated with a combination of ivermectin (0.2 mg/kg, subcutane- 
ously [SQ], weekly x3) and dexamethasone (1 mg/kg, IM, SID, 
reducing the dose over 3 weeks) and have shown clinical improve- 
ment within 3 weeks. 

Occasionally, Capillaria, ascarid, and cestode ova are detected on 
routine fecal flotations. Capillaria may be treated with albendazole 
orally at 50 mg/kg, SID, for 3 days, or ivermectin at 0.2 to 
0.4 mg/kg, SQ or pour-on topically. Ascarids may also be treated 
with fenbendazole at 100 mg/kg and cestodes with praziquantel at 
10 mg/kg. 

Haemoproteus transmitted by ectoparasites has been identified in 
the erythrocytes of 16% of 106 Caprimulgiformes species examined.' 
Although reports of clinical disease are lacking, heavy burdens may 
be significant. 

Juvenile tawny frogmouths are susceptible to potentially fatal 
coccidiosis, which may be treated with toltrazuril (25 mg/kg, PO, 
two doses 7 days apart). 


Noninfectious Disease 

Toxicity 

The presence of pesticides in the tissues of species high in the food 
chain is not unusual. The clinical significance of these toxins is not 
always clear, and the potential for chronic low-grade effects also 
exists. Tawny frogmouths have been assessed for organochlorine and 
organophosphate toxicity, which they may acquire through ingestion 
of poisoned insects or through inhalation or percutaneous absorp- 
tion through aerosols. Rapid use and depletion of fat stores during 
times of stress such as migration or reduced food supply may mobi- 
lize fat-stored organochlorines, which may become concentrated in 
the brain, resulting in acute toxicity.” 


Potentially toxic tissue concentrations of the lipophilic organo- 

chlorines have been demonstrated in small numbers of birds and 
have been linked to clinical signs, including abnormal diurnal activ- 
ity, weakness, inability to fly, seizures, and opisthotonus.* The total 
organochlorine concentrations in eight tawny frogmouths were 13 
o 66 mg/kg in the liver and 11 to 29 mg/kg in the brain.’ The toxic 
doses of organochlorines are highly variable, but it has been shown 
hat 5 parts per million (ppm) dieldrin or 50 ppm DDT in the brain 
of mallards is indicative of acute toxicity (NB: ppm = mg/kg). Neu- 
rologic signs are not specific to poisoning, and assessment for head 
trauma, starvation, eosinophilic meningoencephalitis, toxoplasmo- 
sis, and other causes should be considered. Treatment of suspected 
poisoning cases with anticonvulsants, anticholinergics, or both has 
not been successful. 
Postmortem diagnosis of poisoning may be achieved if funding 
is available, a short list of likely toxins exists, and a local laboratory 
is willing and able to test the liver, brain, and adipose tissue of the 
dead birds. To diagnose organophosphate poisoning, a decrease in 
brain cholinesterase activity of 50% or more from normal is evidence 
of lethal exposure to a cholinesterase-inhibiting compound (OP, or 
carbamate pesticide).” As a general rule, mortality associated with 
neurologic signs and the absence of lesions suggesting another cause 
of death are suggestive of poisoning.® 


Nephritis and Renal Gout 

Nonsuppurative interstitial nephritis with severe nodular fibrosis 
and secondary renal gout was idenitified at postmortem examination 
in a geriatric captive tawny frogmouth, which had developed non- 
specific clinical signs of weight loss, inappetence and lethargy, 
heterophilia (10.2 x 10” per microliter [uL]), azotemia (urea 6.2 
milligrams per deciliter [mg/dL]), and elevated aspartate aminotrans- 
ferase (AST, 271 units per liter [Units/L]). Renal gout is a common 
nonspecific consequence of reduced glomerular filtration rate (GFR) 
in birds. 


REPRODUCTION 


Sexual dimorphism exists in tawny frogmouths. All rufous and chest- 
nut forms are female. All males are gray and generally larger and 
have a broader bill. Females, however, may be gray, and the weight 
ranges overlap.” Males generally weigh 450 to 600 g and females 300 
to 500 g, but seasonal and geographic variations exist. Tawny frog- 
mouths are monogamous and pair for life. During the breeding 
season, pairs perform a low drumming duet. The nest site is usually 
a horizontal fork in a large eucalyptus tree. The nest is a flimsy twig 
platform lined with leaves. Both parents build the nest and incubate 
the eggs, the better camouflaged and larger males incubating by day 
and the females incubating at night. Mates bring food to each other 
at the nest. Incubation takes 28 to 30 days, and fledging occurs at 
27 to 31 days.” The young remain with the parents for several 
months after fledging and undertake a slow continuous molt (“staffel- 
mauser”) to adult plumage by the end of the first year.” Sexual 
maturity occurs by 9 to 12 months.” ” 

Tawny frogmouths are seasonal breeders, reproducing once per 
year in the spring, with a clutch size of one to three eggs (usually 
wo). The eggs are laid 1 to 2 days apart, with incubation beginning 
rom the laying of the first egg. The semi-altricial hatchlings weigh 
17 to 19 g, are covered in white down, and have their eyes closed 
until around Day 4. Hatching is asynchronous, but simultaneous 
edging occurs; that is, the youngest chick is disadvantaged and may 
meet with misadventure on the ground.”” The chicks have a slow 
growth rate because of the low BMR, gaining 6 to 10 g per day when 
parent reared.'* Hand raising is straightforward but takes longer than 
with most other birds, but the delightful temperament of these birds 
makes it a very rewarding experience. 

Nightjars nest on the ground in a shallow depression and rely on 
camouflage to avoid detection. Owlet-nightjars nest in tree hollows 
ined with leaves. Oilbirds nest in caves and make a nest from decay- 
ing fruit seeds and saliva, as do swifts. 
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CHAPTER 5 


Musophagiformes 


Maryanne E. Tocidlowski 


GENERAL BIOLOGY AND ECOLOGY 


The family Musophagidae is made up of the group of birds called 
turacos, including plantain-eaters and go-away birds. They are natu- 
rally found in the sub-Saharan region of Africa occupying the forest, 
woodland, and savanna regions. Previously, turacos had been placed 
in the order Cuculiformes, but evidence led to placing them in their 
own order Musophagiformes.” 1” They were associated with cuckoos 
because of a particular anatomic feature, that is, zygodactyl toes, in 
which digits 2 and 3 face forward and digits 1 and 4 face backward, 
although digit four is flexible and may face toward the back or the 
front. Other than the toe arrangement, no other commonalities 
between cuckoos and turacos exist. 22 

The family Musophagidae is divided into six genera (Iuraco, 
Ruwenzorornis, Musophaga, Corythaixoides, Crinifer, and Corythaeola), 
which contain 23 species and 38 subspecies. Others have divided 
the turacos under a suborder Musophagae, which is further subdi- 
vided into three groups of Corythaeolinae (1 species Corythaeola), 
Criniferinae (5 species Corythaixoides and Crinifer), and Musophaginae 
(17 species Tauraco, Ruwenzorornis, Musophag ə 

Turacos are long-lived, medium- to large-sized birds, ranging in 
body vveight from 200 to 400 grams (g) vvith the great blue turaco 
weighing up to and over 1 kilogram (kg). They have long tails, 
conspicuous head crests, stout beaks, and colorful feathering. 
Most species of turacos have unique pigments in their feathers: 
turacoverdin, a true green pigment found only in these birds, and 
turacin, a true red pigment. These pigments are copper based and 
not made from carotenoids as in other bird species. This pigmenta- 
tion specialty in turacos has been well described.” During han- 
dling, the feathers may exfoliate easily as a defense mechanism. 
Turacos are sexually monomorphic, with the exception of the white- 
bellied go-away bird, in this species the females beak is a dull green 
and the males is black. Sexing may be done by feather or blood 
deoxyribonucleic acid (DNA) analysis or laparoscopic examina- 
tion.'°'* Turacos are arboreal, gregarious, active birds. They are poor 
flyers but are able to run in the trees and foliage quite well. Anatomi- 
cally, turacos are similar to other bird species with the exception that 
they have little or no ceca, a distensible esophagus with no crop, a 
thick muscular proventriculus and a thin-walled ventriculus, a rela- 
tively larger liver for its body size, and a short intestinal tract." 
Turacos regurgitate food when stressed or captured. It is important 
to allow this to occur so that the bird does not aspirate food 
particles. 


HOUSING 


Turacos are active birds and require space to move around. Flight 
cages or aviaries that are heavily planted seem to work best in pro- 
viding perching, shelter, and hiding places. During the colder 
months, access to indoor housing, a shelter, or windbreak with a 
heat source is needed, as turacos are susceptible to hypothermia and 
frostbite. During the hotter months, these birds cool themselves by 
gular fluttering and sitting in the shade and enjoy bathing in a sprin- 
kler or water bath. They may be housed with other species but may 
become territorial and aggressive toward others, especially birds of 
similar size. Caution must be taken, even with bonded pairs, that 
birds are not aggressive toward each other. Occasional separation of 
birds may be needed to inhibit an aggressive bird attacking its cage 
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mate. Juveniles should be separated from the parents once they are 
able to feed themselves reliably.””” 


DIET 


The dietary requirements of turacos have not been well established. 
The family Musophagidae is generally vegetarian, tending more 
toward frugivory and folivory, but do occasionally supplement their 
diet with various small invertebrates, especially around breeding 
season. “15 Contrary to its name Musophagidae, turacos and plantain- 
eaters (Crinifer sp.) do not ingest bananas or plantains (Musa).”” In 
captivity, turacos have been fed various diet formulations. A good 
general diet should consist of a parrot pellet or soft-bill-type pellet 
with fruit mix and chopped greens, supplemented with a small 
amount of invertebrates and possibly a meat offering during breeding 
season. Corythaixoides, Crinifer, and Corythaeola species should be 
given more greens and leaf browse compared with other turaco 
species. Mixing the ingredients of the offered diet should help 
prevent specific item selection by the birds. t: 


RESTRAINT AND HANDLING 


Turacos are great runners on branches, which makes them hard to 
catch. They typically do not bite but will rake with sharp claws. They 
exfoliate feathers easily when held and sometimes will become overly 
stressed. Regurgitation of recently eaten food is also common. Inha- 
lation anesthesia is more commonly used for advanced restraint and 
surgical procedures. It has been suggested that turacos be given time 
to calm down prior to exposure to isoflurane inhalant anesthesia 
because of issues caused by stress, 71529 


PHYSICAL EXAMINATION, DIAGNOSTICS, 
AND THERAPY 


Examination of turacos may be done under manual or chemical 
restraint. A thorough examination should include assessment of 
plumage quality and skin condition, uropygeal gland evaluation, 
assessment of beak and cere (nares) quality, oral and choanal visu- 
alization, feet and nail check, cloaca check, ophthalmic visualization, 
otic review, auscultation of heart and lungs, coelomic palpation, 
musculoskeletal review, and assessment of body weight and condi- 
ion. Blood may be collected from the right jugular vein for larger 
quantities and the wing vein for smaller samples.'* Clinical pathol- 
ogy data from three common turaco species are provided in Table 
25-1. Fecal examination should be done on a regular basis. Turaco 
eces are typically moist and soft to loose. Familiarity with normal 
uraco feces is helpful when determining if the bird has dehydration, 
diarrhea, or enteritis. Direct wet mount examination should be done 
o visualize protozoans; centrifugation of a flotation solution for 
checking for parasitic ova; and culture if an enteric pathogen is 
suspected. Cytologic staining (with Romanovsky’s type, Gram, or 
acid-fast stain) of fecal smears is helpful if enteritis is suspected. 
Additional testing (for Cryptosporidium and Giardia; viral culture; 
electron microscopy) may be applied, where deemed necessary. 
Medications used to treat turacos are similar to those reported for 
other avian species. Turacos may be individually identified by a leg 
bracelet or a transponder chip placed in the left pectoral muscle 
mass. 
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TABLE 25-1 —— 


Parameter Units Musophaga rossae n Corythaixoides leucogaster n Tauraco erythrolophus n 
WBC x103/mm5 10.7 95 11.9 33 7.2 32 
RBC x10°/mm* 3.13 39 

HGB gm/dL 16.6 30 

HCT % 47.8 94 47.6 34 43.4 38 
Heterophils x10°/mmš° 3.74 93 4.47 33 3.45 32 
Lymphocytes x10°/mmš 5.02 93 5.46 33 2.55 30 
Monocytes x10°/mmš 0.82 83 0.94 27 0.47 28 
Eosinophils x103/mm5 0.25 60 0.44 29 

Basophils x103/mm5 0.41 67 0.11 19 
Glucose mg/dL 279 91 269 32 278 34 
BUN mg/dL 3.0 41 

Uric acid mg/dL 14.8 87 9.9 31 7.2 32 
Calcium mg/dL 9.4 90 10.2 31 9.1 35 
Phosphorus mg/dL 4.5 67 4 25 
Na meqy/l 154 64 155 19 
K meqy/l 2.3 58 3.4 18 
Cl meq/l 113 51 116 13 
Cholesterol mg/dL 158 65 174 23 
Triglycerides mg/dL 119 31 

Total protein gm/dL 3.5 89 4.1 32 3.7 34 
Albumin gm/dL 1.3 63 1.7 30 
Globulin gm/dL 2.2 63 1.8 30 
AST U/L 247 90 304 32 208 33 
ALT U/L 37 46 

Total bilirubin mg/dL 0.3 41 

Alk phosphatase U/L 85 59 

LDH U/L 729 39 

CPK U/L 289 65 266 25 
GGT U/L 6 15 


From Teare JA, ed: 2013, “Jambu Fruit Dove/Mauritius pink pigeon/Nicobar pigeon/Victoria crowned pigeon_No_selection_by_gender__All_ages 


tional Species Information System, Bloomington, MN. 


SHIPMENT AND QUARANTINE 


Prior to shipping, a thorough examination should be performed to 
make sure that the bird is healthy and will survive the shipping 
process. Shipping containers should meet or exceed International 
Air Transport Association (IATA) regulations. The bird should be 
placed under 30-day quarantine once it arrives at the receiving 
institution. During this time, it should be introduced to the new diet 
and observed for behavior, eating, drinking, and eliminations. 
Testing should include multiple fecal examinations (2—4) and treat- 
ment if positive; complete physical examination; blood collection for 
complete blood cell count (CBC) and biochemistry; body weight; 
and confirmation of identification. Prophylactic treatment for para- 
sites is sometimes done during the quarantine period. 


DISEASES 


In general, turacos as a group appear to be fairly hardy birds but 
may be susceptible to diseases that affect other bird species. The 
Houston Zoo has housed over 1000 turacos of various species over 
the past 30 or more years. Review of the Houston Zoo antemortem 


combined_Standard_International_Units__2013_CD.htm!” in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., Interna- 


and postmortem medical records and the literature has identified 
health problems that have affected this group of birds. Treatment is 
based on general avian medicine as no pharmacokinetic studies have 
been done in the Musophagidae. A basic summary of general causes 
of death in the Musophagidae collection at the Houston Zoo for the 
past 25 years (n= 193) has been listed in Table 25-2. This list reflects 
problems that may be found in the live birds of the collection that 
may be treated and is organized by age groups: perinatal and nest- 
ings (0-30 days of age), fledglings and juvenile birds (1-11 months 
of age), and adults (1-28 years of age). 

General health problems included aggression-induced trauma 
from cagemates and predators, leading to cuts, laceration, and pos- 
sible death. Young birds are susceptible to dehydration and hypo- 
hermia, whereas older birds may present with issues of sepsis, 
amyloidosis, and unidentified diseases. 

Digestive problems are common, ranging from Candida fungal 
infections, aerobic and anaerobic bacterial enteritis and sepsis’ 
leading to possible morbidity, regurgitation, diarrhea, intussuscep- 
tion, and possible rectal or cloacal prolapses.” Foreign body ingestion 
or impaction from ingested materials with resulting intussusception 
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TABLE 25-2 


Pres €: 
cırdı 3 


aıctor 
ustor 


Age Range n 


Category/Details 


0-30 days 26 Digestive-enteritis, perforation, torsion, 
impaction, starvation 
n=95 25 General: trauma, sepsis, hypothermia, 


dehydration, neglec 


15 Unknown cause of death 


12 Musculoskeletal: rotational deformity, 
trauma, rickets, deformity 


8 Respiratory: pneumonia, tracheitis, 
asphyxiation, drowning 


Abnormal hatch, position, drowning 


Urogenital: renomegaly 


6 
1 Cardiac: necrosis, unknown 
1 
1 


Neurologic: anencephaly 


1-11 months 14 Digestive: enteritis, esophagitis, 


Cryptosporidium, perforation 


n=35 6 Respiratory: fungal, impacted trachea 
(self-feeding) 
5 Musculoskeletal: rotational deformity, rickets 
3 General: Mycobacterium, perforation 
2 Gout, visceral 
2 Unknown 
2 Euthanized following contact with 


Mycobacterium-positive birds 


1 Ocular: lens degeneration 
1-28 years 28 


General: sepsis (suspected), trauma, amyloid, 
Mycobacterium, unknown 


n=62 8 Digestive: enteritis, perforation, impaction, 


candidiasis, hepatic necrosis, esophagitis 

7 Respiratory: tracheal obstruction, dyspnea, 
sinusitis, pneumonia, lung hemorrhage, 
anesthetic 


6 Urogenital: egg binding, yolk peritonitis, 
kidney disease 


3 Integumentary: mycobacterium, neoplasia, 
dermatitis 


Musculoskeletal problems may cause limping and lameness, and 
ractures may be found and repaired. Constriction by improperly 
fitting leg bands has occurred, and frostbite is possible from low 
emperatures. Rickets and rotational deformities may occur in young 
birds with inadequate diets. 

Ectoparasites, broken feathers, broken nails, lacerations, bumble 

oot from inadequate perching, and rare skin masses have affected 
the integument. 
Other miscellaneous diseases and medical issues include viral 
infections (avian influenza'’), egg binding, ocular abnormalities 
(cataracts, corneal mineralization, trauma to the eyes or eye struc- 
ures), otic issues (external ear infections), neurologic problems of 
unknown etiology (ataxia, head tilt), visceral gout, and hematologic 
issues (protozoan infections’ and leukocytosis). Neoplasia seems to 
be rare in Musophagidae. 

According to reports in the literature, captive turacos appear to 
be susceptible to mycobacterial infections.*'’** At the Houston Zoo, 
6 of 193 (3%) turaco deaths were attributed to Mycobacterium organ- 
isms. It seems that turacos may be susceptible to mycobacterial 
infection if exposed, but they do not appear to carry or harbor the 
bacterium any more than any other bird species.’ 


REPRODUCTION 


Turacos become sexually active in their second year. Courtship may 
include vocalizing, chasing, mutual feeding, flashing, billing, and 
wing spreads. Both sexes participate in building a large, usually 
flimsy, twig-and-stick nest in a tree or platform provided. Two to 
hree eggs are laid and incubated by both sexes. If eggs are pulled 
when the hen is done laying the clutch, she will usually reclutch. 
Incubation periods vary among the species, ranging from approxi- 
mately 16 to 31 days. When chicks hatch, they are semi-precocial 
with downy feathering and open eyes and are well developed. Both 
sexes feed the chick by regurgitation of food. Chicks will start to 
fledge at about 2 to 3 weeks of age, but the parents will continue to 
feed the young for several months thereafter. Occasionally, one adult 
will become aggressive toward the chick or its mate and needs to be 
separated from the enclosure. Chicks may be raised successfully by 
one parent. Turacos in captivity are generally very tolerant of nest 
monitoring and invasion by staff, which is important to chick sur- 
vival. At the Houston Zoo, young chicks and eggs have been cross- 
fostered to other pairs of turacos (not necessarily the same species) 
that were sitting on eggs or pulled for hand-raising.”” One pair 
accepted additional eggs after sitting for only 6 days on its own eggs.! 


NEONATOLOGY 


3 Musculoskeletal: rotational, frostbite 
3 Vascular: leukemia, lymphoma, hematoma 


3 Euthanasia because of issues related to age 
or quality of life 


1 Ocular: blindness, unknown etiology 


1 Cardiac: myonecrosis 


has also been noted ° Hemosiderosis and issues related to iron 
storage in the liver have been previously documented in turacos,”’ 
although it does not seem to be common in the birds raised in the 
Houston Zoo. Endoparasites, including various nematodes and coc- 
cidia, as well as cryptosporidium protozoal infections, have been 
found in the Houston collection.* 

Respiratory diseases vary widely, from tracheal obstruction, aspi- 
ration, and gaping (from parasites) causing dyspnea and distress to 
infections such as aspergillosis, bacterial sinusitis, and pneumonia. 


*Tocidlowski, ME, Personal Communication, Houston Zoo, Inc., 2013. 


Hatchling turaco chicks are active, gregarious birds. Attitude is one 
of the best monitoring tools for chick health. Turaco eggs hatch after 
an incubation ranging from as little as 16 to 18 days in Tauraco 
hartlaubi, 24 to 26 days in Musophaga rossae, and 29 to 31 days in 
Corythaeola cristata” Eggs may be parent incubated and raised, 
fostered to other turaco pairs of the same or different species, or 
artificially incubated and hand raised. Turaco pairs are generally 
tolerant of some nest invasion to check on chicks, remove for weigh- 
ing, supplementation, or treatment. It is suggested that chicks be 
closely monitored for the first few weeks to make sure that they do 
not succumb to illness or parental neglect. Body weight loss is 
common in the first 1 to 3 days, but chicks should grow at a constant 
rate after that. Details on turaco rearing have been previously 
documented.' 

Chicks should be “bright-eyed,” aware of human presence, some- 
times vocalize, or try to bite. They often gape to take food from 
anyone offering it. If a turaco chick is subdued or looks “sleepy- 
eyed,” a basic examination, weight evaluation, and diagnostics 
should be performed. Chicks are susceptible to digestive tract infec- 
tions, so fecal cytology or swabs of the oral cavity, deep esophagus, 
and cloaca (if no feces available) should be evaluated for signs of 
fungal or bacterial overgrowth, particularly Candida or spore-forming 


bacteria. Other conditions that may arise include trauma from 
parents, parental neglect, poor doing, sepsis, and stunted growth of 
unknown etiology. Physical problems such as curled toes or rotated 
feet or legs should prompt evaluation of nest materials and position- 
ing. Treatment for conditions that arise in turaco chicks is the same 


as that for other bird species. 


8,16,25 
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Trochiliformes (Hummingbirds) 


Cornelia J. Ketz-Riley and Carlos R. Sanchez 


BIOLOGY 


Traditionally, hummingbirds were classified in the order Apodi- 
formes.”””” According to the new SAM (Sibley/Ahlquist/ Monroe) 
classification using molecular techniques, hummingbirds are placed 
in their own order: Trochiliformes,” with the family Trochilidae, 
divided into two subfamilies, the Phaethornithinae (hermits) and the 
Trochilinae (typical hummingbirds). The Trochilidae family contains 
more than 335 species.””” 

In this chapter, vve are focusing on the true hummingbirds. Most 
of them vveigh between 6 and 12 grams (g) with the smallest, the 


bee hummingbird (Mellisuga helenae), weighing at 2 g and the giant 
hummingbird (Patagona gigas) at 20 g.° Hummingbirds are impor- 
tant pollinators of a number of plants, even being the only pollinators 
for some plants. 7” Free-ranging hummingbirds live between 6 to 
12 years, but in captivity, they may live up to 17 years.””””” Hum- 
mingbirds, particularly males, are very colorful, with bright irides- 
cent feathers on the tail, crest, and throat patches, the so-called 
gorgets.”’°°” Male hummingbirds are generally highly territorial and 
show impressive courtship displays.” 5 ° 

Hummingbirds are found only in the Western Hemisphere. 
Although their range extends far north to Alaska and Labrador in 
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Canada and to the Strait of Magellan in the south, they are predomi- 
nately tropical and subtropical, with most of the species found in 
Brazil and Ecuador. The status and population trends for most 
of the hummingbirds are listed as unknown by the International 
Union for the Conservation of Nature (IUCN). 


ANATOMY AND PHYSIOLOGY 


Hummingbirds have the highest metabolic rates relative to body size 
of any animal. Average temperature ranges from 36.5°C to 43.3°C, 
with around 39°C at resting. Resting respiratory rate is about 250 
breaths per minute, up to 400 breaths per minute at flight. Normal 
heart rate is 500 to 600 beats per minute (beats/min) with up to 
1260 beats/min during flight. "7779 The heart is proportionally the 
largest among all birds, representing greater than 2% of the tota 
body weight. 2725 

Hummingbirds present a number of unique anatomic and physi- 
ologic adaptations. Long wings with long carpal and metacarpal 
bones and a very short, stout humerus bone, as well as a unique 
shallow cup-and-ball joint that attaches the coracoid bones to the 
sternum,” enable the hummingbird to hover in the air and 
to fly forward and backvvard.”””?? They may reach speeds up to 
15 meters per second (m/sec; 54 kilometers per hour [km/hr]) 
during flight and flap their wings 12 to 80 times per second while 
hovering. 

Hummingbirds have an extendable tongue that forms two parallel 
C-shaped grooves of keratinized membranes around a rigid support- 
ing rod with a bifurcated end (Figure 26-1).'’ The grooves function 
like rods, drawing nectar via capillary action, but also like a fluid 
trap for the nectar, 220252 


Gastrointestinal Tract and Energy Metabolism 


The digestive tract of hummingbirds includes a small crop and a 
short intestinal tract and lacks a cecum and a gallbladder. The crop 
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emptying time of about 4 minutes is the rate-limiting factor in hum- 
mingbird feeding. During an intestinal transit time of about 15 
minutes, 99% of ingested glucose is absorbed.'*'® The flight muscles 
are composed mostly of fast oxidative-glycolytic fibers, allowing the 
bird to sustain high aerobic power. ° Mitochondria in hummingbird 
muscles are able to oxidize carbohydrates equally well as fat.” The 
carbohydrate oxidation of newly consumed nectar supports the high 
adenosine triphosphate (ATP) demands during short-term hovering 
İlight.” Fat oxidation is selected during long migratory flights.“ To 
prepare for long-distance migration, hummingbirds may rapidly gain 
as much as 72% of their body weight in fat. Their liver is one of the 
most metabolically active known, with the highest levels of enzymes 
for lipid synthesis 2 

Most hummingbirds seem to have the ability to use arthropods 
as an alternative energy source when access to floral nectar is scarce.”” 


Energy Conservation 


To conserve energy, hummingbirds spend the majority of their day 
sitting or perching and only an estimated 10% of their day-time 
flying and hovering while feeding in short meals. 

Another effective way to save energy during cold nights or prior 
to migration is going into a torpor.”'°’*”? The metabolic rate may 
drop to one fifteenth of its normal rate,” body temperature as low 
as 8°C, the heartbeat reduces to 30 to 50 beats/min and the respira- 
tory rate lowers to 50 breaths per minute with apnea episodes of up 
to 5 minutes. 2125 The birds are cold to the touch; they perch 
with fluffed feathers and closed eyes and their bill pointed straight 
up. When in torpor, the birds barely respond to stimuli or seem 
uncoordinated.””” 


Osmoregulation 


Hummingbirds depend almost entirely on a liquid diet of floral 
nectar. To meet their metabolic demands, they may consume 
more than three times their body mass in fluid per day.” The high 
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FIGURE 26-1 Hummingbird tongues. A, Nectarivores use their tongue (yellow) for food gathering. 
B, Lateral picture of a postmortem ruby-throated hummingbird tongue tip protruding from the bill. 
C, Dorsal view of the morphology of a hummingbird tongue showing open-sided grooves and lamellar 
region of the tip (approximately 6 millimeters [mm]). Base of the tongue is to the left. D, Cross- 
sectioning of the distal tongue; green arrows identify the placement of the cross-sections. Black lines 
indicate the same structures in dorsal and cross-sectional views. Note the position of supporting rods 
from the base of the grooves to the tongue. Unlabeled scale bars, 0.5 mm. (Used with permission 
from Rico-Guevara A, Rubega M: The hummingbird tongue is a fluid trap, not a capillary tube. PNAS 


108(23):9356-9360, 2011.) 


metabolism depends on an efficient way to extract energy and nutri- 
ents from this liquid diet. Processing a large quantity of water for 
energy coverage requires highly specialized kidneys and gastrointes- 
tinal tract.””?” In hummingbirds, more than 99% of nephrons do 
not possess a Henle loop and cannot concentrate urine.”” Hum- 
mingbird kidneys are structurally similar to those of reptilians and 
their waterflux rate close to that of amphibians, and these birds are 
still able to maintain a high metabolic level of an endotherm animal, 
which makes them very unique animals. 1910 


Nervous System 


Hummingbirds have a large head in relationship to the body, with 
one of the relatively largest brains of any bird species.” Because of 
an enlarged hippocampus, hummingbirds are able to remember 
spatial location and distribution of high-nectar flowers.” 


SPECIAL HOUSING REQUIREMENTS 


Since males of many species are highly territorial around their food 
sources, multiple feeding stations should be available on exhibit. 
One station for every two birds has been reported to be adequate.”" 
Feeding stations should be in open areas to allow free flight and 
aerial displays. Optimal ambient temperatures depend on the species. 
Generally, species from temperate zones are more cold tolerant com- 
pared with tropical and subtropical species. 

Ideally, hummingbird aviaries should be supplied with extensive 
planting for perching and hiding places. Water should be available 
in the form of streams, waterfalls, or a pond to provide ample water 
access. Otherwise, bathing can be encouraged by providing shallow 
water bowls or daily misting or hosing of the foliage.””” Shelter from 
extreme weather conditions as well as from aggressive conspecifics 
needs to be available. If mixed with other bird species, the other 
birds should be of similar size and not very territorial. Any windows 
of the enclosure should be positioned on a slight downward angle 
and preferably covered with branches. Feeding stations, water fea- 
ures or bird-attractive plants or flowers should be placed either 
more than 30 feet from any window or within 3 feet because of 
reduced velocity within this short distance. Small enclosures of about 
3 to 5 feet long by 1.25 to 1.75 feet deep and 2 feet high are possible 
for individual housing or introduction. 


FEEDING 


Hummingbirds are specialized nectarivores that feed mainly on floral 
nectar containing basically sucrose, glucose, and fructose.'° The 
remaining diet consists of arthropods as the main source of 
protein.”””””) Consumption of sand and ash by female humming- 
birds is possibly associated with higher mineral requirements 
during reproductive activity.’ Many of the plants pollinated by 
hummingbirds are bright red, yellow, or orange in color and have 
long, tubular corollas and little or no scent. The shape of the bill 
in a hummingbird determines the species of flowers from which it 
may obtain nectar. 17777 Published lists of adequate flowers for the 
various hummingbird species should be consulted for proper plant- 
ing in hummingbird aviaries.''’' These flowers should provide low 
nutrient diets with minimum of 20% sugar and at least 3% 
protein.*!*' A commercial diet or regular table sugar, at 1 part to 4 
parts of water, have been successfully used in zoologic collections 
but should only be used as a supplement to natural flower nectar. 
Fruit flies or other small insects should be available as an additional 
protein source.*'’*! Honey should not be used as part of the diet 
because of its rapid fermentation that allows bacterial and yeast 
(Candida) overgrowth. The addition of any coloring to the nectar 
seems unnecessary, as hummingbirds are more attracted to visual 
beacons than to color. The added dye could potentially cause delete- 
rious health effects. 

Hummingbird diets provide a rich growth medium for microbes. 
To avoid fermentation, feeders should be protected from direct sun- 
light, frequently replaced, and thoroughly cleaned. 
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PHYSICAL RESTRAINT AND HANDLING 


Hummingbirds are not easy to capture because of their speed and 
maneuverability. In the wild and large areas, mist nets may be used, 
and in smaller enclosures small hand nets are useful. However, 
extreme caution should be taken to avoid injuries. Darkening the 
room may help with capture. A simple method to trap humming- 
birds is the use of a pull-string trap with a feeder inside to attract 
he hummingbird. The bird may then be manually restrained by 
using cupped hands gently restricting the movement of the wings. 
Hummingbirds may be transported in wooden boxes after loosely 
wrapping them in cloth jackets with their heads exposed for frequent 
feeding.'?!! 


SURGERY AND ANESTHESIA 


Inhalation anesthesia is the preferred method for anesthesia. Isoflu- 
rane remains the most common gas anesthetic used in avian species, 
but sevoflurane and desflurane also may be used. Induction is 
achieved by manual restraint and delivery of the gas via a custom-fit 
face mask. 

The most common indication for surgical procedures is the repair 
of skeletal fractures. Tape splints are often used to repair long-bone 
fractures.*' Cloth jackets are useful to immobilize the bird and poten- 
tially allow wing fractures to heal. Hummingbirds should be fed 
frequently during hospitalization.” 


DIAGNOSTICS 


Mammography radiography provides a greater detail and quality 
compared with digital radiography or standard radiography, so their 
use is the technique of choice for hummingbirds. “ 

Phlebotomy on hummingbirds is performed as in other bird 
species, via the jugular vein or the femoral vein or artery.*'”’ Toe-nail 
clipping should only be considered as the last resort or during field 
studies.”!° Up to 20 microliters (UL) of blood may be safely collected 
on a 4.5-g hummingbird, which may be used to evaluate cell counts 
and morphology via blood smears.”” The erythrocytes of humming- 
birds are minuscule and have the highest density for any bird." 

Hummingbird fecal matter is normally liquid and should be free 
from Enterobacteriacae bacteria °° 


DISEASES 


Reviews of necropsy reports have revealed no unique cause of death 
for this group. Of 50 hummingbird deaths, cause of death was non- 
infectious in 44%, infectious in 52%, and undetermined in 4% 
(Northwest ZooPath, Smithsonian National Zoological Park, unpub- 
lished data). 


Infectious Disease 


The most commonly reported infectious disease in hummingbirds is 
oral candidiasis with characteristic oral white plaques. The lesions 
may cause inability to swallow or regurgitate, leading to inanition. 
Tongue necrosis and beak deformities may further prevent the 
animal from feeding.*'’' Diagnosis and treatment with nystatin or 
other antifungal agents are similar to those in other avian species. 

Other infectious diseases reported on hummingbirds are chlamy- 
diasis, mycobacteriosis, salmonellosis, aspergillosis, and other fungal 
diseases (Table 26-1).P9212721 

Avian poxvirus has recently been reported for the first time in 
hummingbirds. Wartlike lesions, confirmed as pox with polymerase 
chain reaction (PCR), electron microscopy (EM), and histopathology, 
were found at the base of the bill, wings, and legs in free-ranging 
Anna’s hummingbird (Calypte anna) (Figure 26-2). 


Parasitic Diseases 


Nectar mites that are transported by hummingbirds in their nasal 
cavities from flower to flower should not be considered parasites. 
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TABLE 26-1 


Disease Causative Agent Epizootiology 


Clinical Signs 


Diagnosis Management 


Poor sanitation 
immunosuppression 


Candidiasis Candida albicans 


White raised plaques with 


catarrhal-mucoid 
exudates in oral cavity, 
crop, esophagus; 


dysphagia, regurgitation; 


tongue and beak 


Direct smear Antifungal agents, 
hygiene, 


supportive care 


necrosis 
Salmonellosis Salmonella sp. Poor sanitation Gastroenteritis Culture Antibiotics 
Tuberculosis” Mycobacterium avium, Poor sanitation Emaciation, weakness, Histopathology, Sanitation; 


M. intracellulare, 
possibly other spp. 


dyspnea 


acid-fast stain; 
culture, polymerase 
chain reaction test 


depopulation 


Aspergillosis Aspergillus sp. Poor sanitation 


Dyspnea, weakness 


Direct smear, culture; 
histopathology 


Sanitation; antifungal 
agents 


FIGURE 26-2 A, Anna's hummingbird (Calypte anna) with pox lesions on skin around beak and eyes. 
B, Anna's hummingbird (Calypte anna) with pox lesions on skin of legs and feet. (From Godoy LA, 
Dalbeck LS, Tell LA, et al: Characterization of avian poxvirus in Anna's Hummingbird [Calypte Anna] 
in California, USA, Journal of Wildlife Diseases 49:978-985, 2013.) 


Other external parasites such as feather mites and enteric parasites 
have been found in hummingbirds, but parasite-related diseases are 
not common among these birds.””” Adverse reaction to ivermectin 
diluted with propylene glycol has been described in emerald hum- 
mingbirds (Amazilia amazilia). The affected birds showed central 
nervous system depression and seizures that were responsive to 
steroid and supportive treatment.’! 


Noninfectious Disease 


Trauma and inanition were the most common noninfectious causes 
of death, according to the review of necropsy reports. Injuries to the 
keel are highly likely to heal, whereas trauma to the head or neck 
has a rather poor prognosis. 


Nutritional Disorders 


Inanition is most common in captive hummingbirds with limited 
access to feeders or lack of protein supplementation. 

Migratory species may be prone to hepatic lipidosis because of 
lack of exercise and high caloric intake. Treatment includes diet 
change and increase in exercise, as well as administration of choline, 
methionine, vitamin By), or inositol via a nectar diet.! 


Lysosomal storage disease has been reported in three captive 
Costas Hummingbirds. Two of the birds showed neurologic signs 
before death. Treatment is symptomatic.”* 

Hummingbirds may be susceptible to iron toxicosis because of 
exposure to high-iron diets. It is recommended that the diet for 
hummingbirds contain less than 20 milligram per kilogram (mg/kg) 
of iron.” Nectar diets should be chosen carefully, as many products 
show levels above 20 mg/kg.° White sugar should be used for nectar 
preparation, as brown sugar contains molasses with iron. 


REPRODUCTION 


Most hummingbird species are polygynous and only gather for 
courtship and copulation. They normally hatch two white eggs in 
cup-shaped nests and have two to three clutches per season.” 
Females incubate the eggs for 13 to 19 days. They leave the nest 
very frequently for food intake. Fluctuating temperatures do not 
seem to interfere with normal egg development. ” Chicks are altricial, 
with eyes closed and almost no feathers. Females feed their young 
with nectar and small insects twice per hour until the chicks fledge 
at 20 to 35 days. 1⁄9 
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CHAPTER 


Apodiformes and Coliiformes 


Carlos R. Sanchez 


TAXONOMY AND BIOLOGY 


For the past 150 years, the taxonomic classification of the order 
Apodiformes has included three living families: Apodidae (Swifts), 
Hemiprocnidae (treeswifts), and Trochilidae (hummingbirds).°°'°!!° 
New studies on molecular evolution have revealed that swifts and 
hummingbirds diverged in recent times from one another; accord- 
ingly, hummingbirds were placed in their own order: Trochili- 
formes.””” This chapter will discuss Apodidae and Hemiprocnidae 
families only. 
The divisions within the Apodidae family remain uncertain, but 
two subfamilies are generally recognized: (1) the Cypseloidinae with 
13 species (primitive American swifts) and (2) the Apodinae with 79 
species in three tribes: Collocaliini, Chaeturini, and Apodini (swift- 
lets, needletails [or spinetails], and typical swifts, respectively).””” An 
important distinction between these three tribes is that only the 
swiftlets and the typical swifts use saliva to glue building materials 
together to make rudimentary nests. None of the Cypseloidinae 
species uses saliva for this purpose. Apodidae species are found on 
all continents but Antarctica and inhabit mostly in tropical and 
temperate areas and close to water with an abundance of insects.”” 
The species that breed outside the tropics are forced to migrate over 
long distances because of the extreme seasonal variability of insect 
abundance in the temperate zones. Swifts present considerable varia- 
tions in size. The smallest swiftlet (the pygmy swiftlet) weighs only 
5.4 grams (g) and measures 9 centimeters (cm) long, whereas the 
largest one (the purple needletail) weighs 184 g and measures 
25 cm.’ The plumage of swiftlets is a dull light brown color, and 
these birds are considered one of the most aerial of all birds, eating, 
bathing, drinking, roosting, and possibly even copulating in 
midair.”/ They possess a small beak but a large gape that facilitates 
the aerial capture of flying insects. These small birds are long lived, 
with life-span reported up to 26 years.” 

The Hemiprocnidae family comprises one genus with four species 
of treeswifts also referred as crested swifts. They are distributed from 
India and South East Asia through Indonesia to New Guinea, the 
Philippines, and the Solomon Islands. Treeswifts exhibit a wide range 
of habitat preferences, from deciduous savannah to evergreen rain- 
orest. They differ from other swifts in that their plumage is softer 
and glossy and they possess long wingtips and long forked tails. 
Some of them have crests or other facial plumes.’ Slightly larger than 
most swifts, their total length ranges from 15 to 31 cm, with weights 
ranging from 21 to 80 g! 

The order Coliiformes consists of one family (Coliidae) and six 
species of mousebirds; they are alternatively referred as coly and 
colies. They are found in sub-Saharan Africa, and this order is the 
sole order of birds restricted to the Afro-tropical region. ° All mouse- 
birds measure 28 to 40 cm from the tip of the beak to the tip of the 
tail, weighing between 40 and 70 g.” Their plumage is soft, and their 
tails are slender and long (up to two thirds of the total length of the 
bird); the two central tail feathers are further elongated. In some 
species, the tail is so elongated and stiff that it resembles the tail of 
a rodent.” This characteristic and their sneaky movements through 
vegetation, similar to small rodents, give them the name “mouse- 
bird.” A unique feature of this group is the way they perch or “hang.” 
They suspend their bodies vertically with their tails pointing down- 
ward with their feet widely splayed at the level of the upper breast 
or neck area while keeping their heads right side up.” It is their 
sleeping position of choice. Mousebirds are one of the few groups of 
birds that do not possess feather tracts. 
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Status and Conservation 


The International Union for the Conservation of Nature (IUCN) Red 
List of Threatened Species lists the status for all mousebirds and trees- 
wifts species to be of “Least Concern,” with most of their population 
trends as stable or increasing. 

Of the 101 species of swift listed, only 11 are either near threat- 
ened or vulnerable. The Guam swiftlet (Collocalia bartschi) is classi- 
fied as endangered because it has undergone a rapid population 
decline, presumably owing to pesticide use and predation by the 
introduced brown tree snake to Guam. Because of their dependence 
on trees for nesting, factors that affect the wild population of certain 
swift species in the Western Hemisphere include mortality caused 
by insect outbreaks and disease, tree harvesting, wildfire, climatic 
shifts, and habitat changes in the winter range.’ 


UNIQUE ANATOMY 


Apodiformes possess several unique anatomic features. Like their 
close relatives from the family Throchilidae (hummingbirds and 
hermits), they have small feet that are used to perch but are not 
useful for walking or climbing. Although small, their feet have great 
strength; this, together with the sharpness of their curved nails, the 
calluses on their tarsi, and their stiff tail feathers, allows them to grip 
onto vertical surfaces. The primitive American swifts (Cypseloidi- 
nae), the swiftlets (Collocaliini), and the needletails (Chaeturini) 
have anisodactyl feet, in which the hallux is directed backward, 
whereas the second, third, and fourth digits are directed forvard.” 
In the typical grasping position, all Apodinae have their hallux and 
second digit spread medially and oppose the third and fourth digits, 
which are spread laterally as in the grasping positions of chameleons 
and koalas.” Half or more of the long wing is composed of a long 
carpus, metacarpus, and phalanx bones. In contrast, they have 
remarkably short humerus, radius, and ulna. Also, as in humming- 
birds, their coracoid is strong and is attached to the sternum by a 
unique shallow cup-and-ball joint.°'’*! The long carpometacarpus 
supports 9 or 10 long primary feathers and a group of 8 to 11 shorter 
secondary feathers." All of these birds have a claw on the manus. 
Swifts have no ingluvia (crop) or ceca, but a gall bladder is present.*!** 

The main difference between treeswifts and the typical apodid 
swifts is that treeswifts have a nonreversible hallux that allows them 
to perch on branches and twigs. Treeswifts lack the claw on the 
manus. Their tails have a deep fork, accounting for 45% to 70% of 
the tail length; this is considerably larger than that of the typical 
swift.*° 

Mousebirds are classified in their own group (Coliiformes) 
because they have some unique anatomic features not found on any 
other birds. Thanks to a special arrangement of muscles and tendons, 
including two small inner muscles unique to the group and an exten- 
sion to the hallux of the extensor digitorum longus, they have an 
incredibly flexible foot structure, which allows them to oppose one 
or two toes or to turn all four forward.°'°” The position of the toes 
may change continually and may be different in either foot at the 
same time. With all four digits pointing forward, a mousebird may 
hang from a twig, or with the toes facing in opposite directions, it 
may grasp and perch; the position of the toes change very rapidly, 
accounting for some of the sudden movements only mousebirds can 
make. This is the equivalent of having anisodactyl, zygodactyl, or 
pamprodactyl feet all at once.” Another unique anatomic feature is 
the presence of an “anatomic device,” similar to the ones bats have, 


which allows them to perch without any additional energy expendi- 
ture. The thick flexor tendons of the toes are covered with striated 
epithelium and pass through a grooved sheath that restrains slippage. 
These tendons do not insert at the bases of the outer phalanges but 
do so more distally; so when the leg is flexed, the claws move down- 
ward and automatically “engage” in grasping position. ” This mecha- 
nism is so effective that dead birds have been found still perched. 
Their wings have 10 primaries and 10 ancillary feathers; they do not 
possess down feathers. Their intestinal tract is short and wide, 
lacking ceca as might be expected of frugivores birds. 


SPECIAL PHYSIOLOGY 


Members of the Apodidae family show several physiologic adapta- 
tions to high-altitude flying. Their erythrocytes are larger than those 
of other bird species, facilitating oxygen exchange. Their hemoglobin 
is sensitized for optimal delivery of oxygen in conditions of low 
oxygen pressure, and their oxygen affinities are higher than in other 
small species of birds such as passerines.”'’ Similarly, the erythro- 
cytes of mousebirds are noticeably larger (in length, width, and 
volume) than those of other birds. The hemoglobin content per 
erythrocyte is relatively low in mousebirds.” 
Torpor has been reported in a number of Apodiformes and Coli- 
iformes species. 7177921 Like hummingbirds, they use torpor as a 
way to save energy during cold nights, when food is scarce, or prior 
to migration. It is a hibernation-like state, in which their metabolic 
rate is reduced down to one fifteenth of its normal rate, thus saving 
up to 60% of energy expenditure. During torpor, their heart rate is 
reduced by about 20%, and cardiac output decreases by around 
50%; body temperature may decrease down to 18° C.*'°*! Apodi- 
formes and Coliiformes are capable of spontaneous arousal from this 
torpid state. 
In addition to torpor, Coliiformes present behavioral traits associ- 
ated with evolutionary thermal physiology. Clustering and sun 
bathing, or sunning, along with torpor, ensure the survival of the 
mousebird in harsh environments, particularly because their food is 
of very low caloric value and sometimes is scarce. During sun 
bathing, they fluff their feathers, exposing their heavily pigmented 
skin to the sun, spread their wings in an arc, and stretch and tilt 
their backs exposing the ventral surface of their bodies to solar radia- 
tion.” ” Irrespective of weather conditions, it is common to see 
mousebirds hanging from branches in clusters of half a dozen to a 
dozen birds or more. Sometimes, in harsh conditions, several clus- 
ters form one ball. Mousebirds sleep, belly to belly against each other, 
with the head hunched between the shoulders, minimizing the body 
surface area exposure to climate elements. Clustering behavior 
allows mousebirds to save up to 50% of energy expenditure. "71 


SPECIAL HOUSING REQUIREMENTS 


Because of their almost exclusive aerial existence and feeding habi- 
tats, swifts are not at all suited for captivity.'’ Swifts need a large 
open space for flying to be aerobically fit at release time. For reha- 
bilitation of swift fledging, individuals should be placed in an artifi- 
cial chimney inside an outdoor flight cage (24 feet long, 12 feet wide, 
and 8 feet high). Screen netting, textured plywood, or a combination 
of both is required on the interior for clinging. 

Mousebirds use clustering to save energy and share body heat, as 
they are susceptible to cold temperatures. This must be taken into 
consideration when housing Coliiformes, particularly if housing a 
single individual. Supplemental heat is recommended for groups of 
mousebirds and is mandatory for single birds kept outside in other 
than mild weather.” 


FEEDING 


In the wild, all species of swifts feed exclusively on insects and 
spiders, although exact details of what prey are taken has not been 
studied in detail for most species.” Their beaks are small, but these 
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birds have a wide gape that allows them to catch insects while they 
are on the wing with their mouths open. Many of the swifts pursue 
heir food at great heights, and therefore a proper feeding environ- 
ment is difficult to reproduce in captivity. When in captivity, swifts 
should ideally be offered harvested Diptera flies. Other insects that 
may be used for the diet of swifts during rehabilitation include silent 
crickets, brown crickets (both with the legs removed), greater wax 
moth larva, and mealworms, along with vitamin and mineral supple- 
ments. Treeswifts are aerial feeders, but little is known of specific 
prey they catch. Treeswifts eat flying insects such as bees, beetles, 
wasps, small flies, and termites. In addition to these insects, the 
moustached treeswift (Hemiprocne mystacea) is reported to consume 
ants.”” It is not understood how treeswifts deal with bee venom. 
Mousebirds diets are not highly specialized; they feed mainly on 
many types of fruits, but they also eat buds, flowers, shoots, leaves, 
and nectar, as well as insects such as aphids.'° Native, non-native, 
and even ornamental plants and plant parts are consumed. Although 
ingestion of eggs and nestlings of other birds has been reported in 
he wild, mousebirds in captivity do not appear to show interest in 
animal products other than ant pupae, which they occasionally feed 
o their chicks.°'° Coprophagy is normal behavior; the adults will 
consume their offspring’ feces, and a mixture of regurgitated food 
and feces is fed back to the nestlings.” In captivity, mousebirds are 
easy to feed because of their non-specialized diet. They are hardy 
eaters, and even wild-caught animals are easy to transition to captive 
diets. Because these birds are mainly frugivorous, chopped fruit 
should be the basis of their diet. It is recommended that a mixture 
of at least five types of fruits and vegetable plus pellets be offered 
daily; ripe pears and grapes are reported to be some of their favorites. 
Commercial pellets should be medium sized and low in iron. A 
single brand or a mix of brands may be used, and the food may be 
served dry or soaked in water or fruit juice.’’' Mealworms and 
waxworms may be added a few times a week to the diet. Hard-boiled 
egg, mashed and mixed together with other food, as a source of 
calcium, vitamins, and protein, has been recommended for avicul- 
turists during the breeding season.” 


RESTRAINT AND HANDLING 


Gentle manual restraint is adequate for Apodiformes and Coli- 
iformes. As with other species of birds, darkening the room will be 
helpful in capturing these species. 


SURGERY AND ANESTHESIA 


Gas anesthesia (isoflurane or sevoflurane) is the preferred method 
for induction and maintenance of anesthesia in Apodiformes and 
Coliiformes. To avoid trauma during induction in a chamber, it is 
better to manually restrain the bird and deliver the gas via a home- 
made face mask (e.g., modified syringe-case). It has been speculated 
that mousebirds may be particularly sensitive to inhalant anesthesia, 
as evidenced by associated high mortality during anesthetic proce- 
dures, but further scientific documentation is needed to support this 
assumption.” 

Swifts suffer skeletal fractures frequently when flying onto objects, 
and the most common surgical procedure in this group is the repair 
of these fractures. Because of their high-altitude flying, swifts must 
recover full flying capabilities to be released back into the wild. With 
he exception of radius or ulna fractures, most other wing bone 
fractures, as well as coracoid, clavicle, and scapula fractures have a 
poor prognosis, and euthanasia should be considered. For the repair 
of radius and ulna fractures a combination of 0.4- to 0.5-millimeter 
(mm) intramedullary pins and “figure-of-eight” bandages have been 
successfully used. Once the fracture is healed, physiotherapy must 
follow. Tape splinting is the most common technique used to repair 
eg fractures. 

Leg and foot injuries are not uncommon in mousebirds because 
of their tendency to hang and their strong grip. Severe lacerations, 
non-reparable luxations, and exposed fractures may require 
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amputation of the affected digit, foot, or leg. Surgical amputation 
techniques are similar to the ones used in any other bird. Mouse- 
birds cope well once the amputation site has healed. Standard avian 
techniques for bone fracture repair apply for uncomplicated 
fractures. 


DIAGNOSTICS 


For most species of Apodiformes and Coliiformes, the most common 
venipuncture site is the jugular vein. In larger individuals, the ulnar 
or brachial veins are additional options. The erythrocytes of Coli- 
iformes and Apodiformes are larger in length, width, and volume 
than in most other bird species.” Hematologic and biochemical 
parameters for selected species of mousebirds are available in the 
previous edition of this book as well as in the International Species 
Information System (ISIS) reference range database. 

Traditional radiography and digital radiography are routinely 
used in avian practice. For members of the Apodidae and Hemiproc- 
nidae families with a body weight less than 40 g, digital radiography 
is not adequate.” Mammography units or mammography film with 
standard units provide better film details and better-quality films for 
the smaller species. 


DISEASES 


Swifts are rarely kept in captivity, and therefore the scientific litera- 
ture on swift diseases is limited. Most swifts brought to rehabilitation 
centers present with trauma, malnutrition, or a combination of both. 

One review of captive mousebird necropsies revealed trauma as 
the most important cause of death. Of the 168 mousebird deaths, 
59% had noninfectious causes, 36% had infectious causes, and 5% 
had undetermined causes (Northwest ZooPath, unpublished data). 
These results are similar to another review of 21 mousebird deaths, 
in which 62% of the causes of death were noninfectious, 19% infec- 
ious, and 19% undetermined.” 


Infectious Disease 


o infectious diseases are unique to Apodiformes or Coliiformes. 
During rehabilitation, swifts have a high propensity to aspergillosis 
and candidiasis, both likely associated to improper husbandry, poor 
eeding techniques, or inadequate usage of antibiotics. Standard 
diagnosis and therapeutic approaches used for other avian species 
are used in these birds as well. Significant mortality in little swifts 
(Apus affinis) was caused by Erysipelothrix rhusiopathiae—associated 
septicemia; the origin of the infection was suspected to be the inges- 
tion of water from contaminated sewage.’ The common swift (Apus 
apus) has been implicated in the introduction, amplification, and 
spread of West Nile virus in France. ! 

Salmonellosis has been reported in mousebirds but Salmonella 
ssp. also appears to be commonly isolated from healthy blue-naped 
mousebirds (Urocolius macrourus). Other cloacal isolates from clini- 
cally normal mousebirds include Enterococcus sp., Escherichia coli, 
and Enterobacter sp.” The last two organisms were recovered from 
the pulmonary lesions of a blue-naped mousebird with bacterial 
cholecystitis with disseminated acute necrotizing pneumonia and 
myocarditis. ” Systemic toxoplasmosis was confirmed with immuno- 
histochemistry in a colony of speckled mousebirds. Many avicul- 
turists consider pseudotuberculosis one of the most devastating 
diseases in their collections.” The review of 168 necropsy reports 
yielded only one case of yersiniosis. As with swifts, aspergillosis may 
occur in Coliiformes because of improper husbandry practices, par- 
ticularly in caged birds (as opposed to birds housed in open 
aviaries). 


Parasitic Diseases 


A large variety of ectoparasites, including lice, flies of the Hippobos- 
cidae family, ticks, and mites have been reported in swifts.°'77!” 
Although these ectoparasites do not cause clinical disease or have 
effect on reproductive success in most cases, heavy infestation of 


biting lice could affect birds during stressful or physically demanding 
times such as migration.””.”” Microfilaria sp., Plasmodium sp., Leuco- 
cytozoon sp., Trypanosoma sp., Haemoproteus sp., Haemogregarina sp., 
and Atoxoplasma sp. have all been reported in swifts and swiftlets.** 
Because most of the swifts seen in captivity are wild birds in reha- 
bilitation, it is not uncommon to find tapeworms in their feces. 
Treatment with suitable anthelmintics is indicated. 

The Hyalomma rufipes tick has been recovered from the red-faced 
mousebird (Urocolius indicus); this tick may transmit Anaplasma mar- 
ginale, Rickettsia sp., and Babesia sp. in Africa. In South Africa, it is 
the most important vector of Crimean-Congo hemorrhagic fever 
virus to humans.'° Microfilaria, Haemoproteus sp., and Leucocytozoon 
sp. have been reported in mousebirds.””" Sarcocystis cysts have also 
been found in the red-face mousebird in Africa, but like in many 
other bird species, it is likely of no clinical significance. ” 


Noninfectious Disease 


Trauma (from flying into objects, injury caused by dogs or cats, 
burns, or malicious acts) and inanition are frequent causes of mortal- 
ity in swifts, but reports of other noninfectious diseases are almost 
non-existent. During the past 10 years, rehabilitators have gained a 
wealth of experience and knowledge on the care of malnourished 
and injured swifts; success is possible if trauma is detected early 
on and is not severe. Chimney swifts may be poisoned by toxic 
fumes, and the prognosis in these cases is poor.”! 

In aviculturist circles, cold is considered the number one killer 
of mousebirds in captivity.’ The mousebird necropsy review revealed 
that almost 60% of the 168 deaths were attributed to noninfectious 
causes. The vast majority of the noninfectious cases were trauma 
related but also included shock, malnutrition or inanition, and gout. 
Anesthesia- or surgery-related deaths represented 7% of the nonin- 
fectious causes of death. In the same review, hepatic lipidosis was 
noted on a significant number of birds, but it was determined not 
to be the cause of death and is considered to be of little clinical 
importance.*! Nevertheless, overweight birds may be prone to repro- 
ductive problems such as the laying of infertile clutches.” Because of 
their mostly frugivorous nature, mousebirds are fed low-iron pellets 
in captivity, although no conclusive evidence that this family is prone 
to iron storage disease (hemochromatosis) exists. 


REPRODUCTION 


In swifts, the breeding season is timed with the availability of insects. 
Pairs are together for long periods but will nest in large colonies. 
Most swifts make rudimentary nests. Because swiftlets and the 
typical swifts use saliva to build their nests, the sublingual glands in 
both sexes are markedly enlarged. Treeswifts use saliva not only to 
build the nest, but in some species, it is thought that they use it to 
glue their eggs to the nest. Needletails and primitive American swifts 
do not use saliva for nest building. In the Apodidae family, the eggs 
are dull white in color and, although small, have high yolk content. 
Clutch size is variable and ranges from a single egg up to seven eggs, 
and this seems to be related to weather.°*”° 

Laparoscopic surgery or deoxyribonucleic acid (DNA) sex deter- 
mination in mousebirds is necessary before pairing them, as they are 
sexually monomorphic. Surgical sexing should be performed when 
the bird is mature at 8 months of age. Pairs are monogamous and 
long lasting. Frequently, mousebird pairs receive assistance from 
helpers for nest building, incubating, and caring for the young. 
Mousebirds build their nests as an open bowl structure in trees and 
bushes. Clutches sizes are small, with only two to four eggs. The 
eggs are remarkably small, oval in shape, noticeably rough-textured, 
and whitish with or without markings. On hatching, the altricial 
young weigh 2 g or less and are blind.'° In the wild, predation (by 
reptiles and other birds) and nest destruction by rain or wind are 
the main causes for the low nestling survival rates. ” In captivity, 
predation, overfeeding with secondary aspiration, and malnutrition 
have been considered important causes for neonatal mortality in 
blue-naped mousebirds.”” 
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TABLE 27-1 
White-Backed Speckled White-Headed 
Blue-Naped Mousebird Mousebird Mousebird Mousebird (Colius Red-Faced Mousebird 
Parameter (Urocolius macrourus) (Colius colius) (Colius striatus) leucocephalus) (Urocolius indicus) 
Number of eggs 2-3 3 or more 1-4 1-3 2-4 
Incubation period (days) 12.5 +/-0.8 13 10-14 14 10-15 
Nestling period (days) 10-12 12 10 17-18 14-20 
ethod of feeding Regurgitation Regurgitation Regurgitation Regurgitation Regurgitation 
Life span (years) 8-13 7-8 Up to 12.3 8-10 8 
From references 9, 10, 14, and 21. 
Table 27-1 lists the reproductive characteristics of the most 12. Erickson AB: Sarcocystis in birds. Auk 57(4):514—519, 1940. 


common Coliidae found in captivity. 
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CHAPTER 8 


Trogoniformes 


Genevieve Dumonceaux and Donald L. Neiffer 


BIOLOGY 


The order Trogoniformes (trogons and quetzals) consists of a single 
family (Trogonidae), 6 genera, and 39 species. Most taxonomists 
recognize two subfamilies: Apalodermatinae (3 African species) and 
Trogoninae, which is split into tribe Harpactini (11 Asian species) 
and tribe Trogonini (25 New World species). “1570 

Trogonid distribution is roughly pantropical, with species 
approximately centered around the tropical forests of Malaysia and 
Indonesia and the equatorial forests of the Amazon and Congo river 
basins.*'* A variety of trogonids are found in Costa Rica, including 
the black-headed trogon (Trogon melanocephalus), Bairds trogon 
(Trogon bairdii), the violaceous trogon (Trogon violaceus), the elegant 
trogon (Trogon elegans), the collared trogon (Trogon collaris), the 
orange-bellied trogon (Trogon aurantiiventris), the black-throated 
trogon (Trogon rufus), the slaty-tailed trogon (Trogon masena), the 
lattice-tailed trogon (Trogon clathratis), and the resplendent quetzal 
(Pharomacrus mocinno).'” 

Trogonids use different sylvan habitats that range in elevation 
from sea level to more than 3,500 meters (m; 11,500 ft.). Although 
some species require primary forests, others flourish in secondary 
forest, forest fragment, logged forest, scrub, and agricultural land." 
The insectivorous red-headed trogon (Harpactes erythrocephalus) of 
Nepal inhabits middle- and lower-storey forests at elevations from 
250 m up to 1830 m./" 

Deforestation threatens trogonids worldwide. The Javan trogon 
(Apalharpactes reinwardtii) is on the International Union for the Con- 
servation of Nature (IUCN) Red List as endangered. Twelve species 
are listed as near threatened. The resplendent quetzal (Pharomachrus 
mocinno), a species limited primarily to the remote and mist-draped 
cloud forests of middle America, is also listed by CITES (Appendi 
1). The authors refer the readers to the IUCN website for more 
details, as the status of each species may change over time. Habitat 
loss, collection for zoos and aviaries, and the feather trade have 
raised concerns about this species’ status.” Human activities that 
disrupt breeding, habitat, and food sources adversely affect trogonid 
populations. 


> 


UNIQUE ANATOMY 


The foot anatomy of trogonids is described as heterodactylous, a term 
used for the toe arrangement in which the first and second toes are 
oriented posteriorly, with the hallux in the lateral position (hetero- 
dactylous toe). The anterior toes of most New World trogons are 
partially united, presumably an adaptation for nest excavation.'* 

Muscle distribution reflects aerial foraging. The heart is large, and 
the pectoral muscle complex accounts for approximately 20% of 
body weight, whereas the muscles of the relatively small feet and 
short legs represent only about 3%.°'*'” The muscles of the feet and 
legs are underdeveloped to the degree that trogonids are unable to 
turn around on a perch without the assistance of the wings.” Walking 
and hopping are rare except in the elegant trogon.*'* 

Trogonid integument is bright and colorful, with soft, dense, and 
dry-textured feathers. Sexual dichromatism exists in all species 
except the Cuban trogon (Priotelus temnurus) and is most marked in 
the quetzals, in which, besides being more brightly colored, males 
also sport elongated and modified upper tail-coverts. These “tail 
feathers” are longest (48 to 96 centimeters [cm]) in the resplendent 
quetzal.'* 
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Trogon is Greek for “to gnaw or eat” and refers to the structure 
and function of the beak. The cutting edges of the maxilla, the man- 
dible, or both are variably serrated in most New World species and 
probably aid in securing live prey or large fruit. These serrations, 
along with the decurved tip of the bill (present in all species), are 
also useful in cutting food items into smaller pieces.” ” Most species 
have short, triangular tongues, with backward-pointing projections 
that probably aid in holding and swallowing prey.'* The Cuban 
trogon is an exception, having a relatively long tongue with a bifur- 
cate tip that may be involved in nectar feeding.” All trogonids have 
short bills with an unusually wide base, which provides a large gape 
in relation to bill length and allows for ingestion of large food items.'* 
Resplendent quetzals, which regularly consume the large drupes 
(median diameter of 18 millimeters [mm]]) of the laurel family (Lau- 
raceae) that they have collected in flight, have several morphologic 
adaptations for a highly frugivorous diet.” In addition to a wide 
gape, this species has flexible mandibles and clavicles, which enable 
swallowing of fruits 3 to 4 mm wider than one would predict from 
gape measurements. ” The long esophagus (up to 12 cm) is thin 
walled, elastic, and ringed by circular muscles presumably important 
in regurgitation of large seeds; no crop is present. The proventriculus 
is expansible and lined with glandular tissue in a pattern of closely 
packed hexagons. The ventriculus is large (external diameter of 
2.5 cm) and muscular.” The paired ceca (each 4.5 cm long) are well 
developed and make up 15% total intestinal length, which suggests 
that some fermentative digestion occurs.'* The Cuban trogon, a 
primarily fruit-eating species, also lacks a crop and possesses a large 
ventriculus (1.8 cm diameter) and an even larger ceca (18% to 26% 
total intestinal length).”'’ Examination of the gastrointestinal (GD 
tracts of six other New World trogons also has revealed proportion- 
ally long ceca. 777 


SPECIAL PHYSIOLOGY 


In a review of avian metabolism, which compared over 350 species 
from more than 70 families, a low resting metabolic rate for the 
tropically adapted black-throated trogon (Trogon rufus) was reported." 
If typical of the family, limits on the climatic tolerances of all trogo- 
nids, both wild and captive, may exist. The distribution of New 
World species supports this theory. The relatively large 5 quetzal 
species and the eared trogon occupy mostly temperate high-altitude 
forests; the 8 mostly midsized species occupy intermediate altitude 
or temperature ranges; and the 9 smaller species occupy low- 
altitude tropical ranges. '* 


HOUSING AND FEEDING REQUIREMENTS 


Trogonids tend to be subcanopy or middle-strata hunters. They 
usually perch upright on horizontal branches between foliage and 
trunk and sit quietly for extended periods and move only their head 
through 180 degrees as they search for food and predators. The most 
common feeding behavior is termed “perch and pounce” or “sally- 
gleaning.” Birds plucks food items during graceful sallies without 
alighting beside fruit, plant, insect, or vertebrate prey. ” Occasionally, 
some species such as the resplendent quetzal descend to the ground 
during pursuit of insects and lizards. Because of their weak feet and 
legs, trogonids have difficulty reaching for items from their perches, 
particularly those below them. “” As such, trogonid enclosures 
should contain multiple horizontal branches, with some positioned 


over feeding stations, where the birds may perform sallies should 
they choose. Placement of plants and other structures within these 
areas should allow for unimpaired flight. Feed bowls should be 
shallow, with edges textured for perching so that the birds may alight 
and reach their food with minimal effort. Chronic pododermatitis 
has been reported in a pavonine (Pharomachrus pavoninus) and a 
golden-headed quetzal (Pharomachrus auriceps), and rotation of 
perches of different sizes and textures is recommended. 

Trogonid diets vary from completely insectivorous to mostly fru- 
givorous. In Africa, exclusive insectivory exists, presumably because 
of exclusion from other foods by other avian families early in trogo- 
nid evolution. Although they are predominantly insectivorous, many 
Asian species consume fruit and vegetation in moderate quantities. 
The greatest variation among trogonid diets is seen in the New World 
biogeographic zone, with its relatively large niche width and species 
divergence.” Here, progression from exclusive or primary insectivory 
to primary frugivory directly correlates with increased body size and 
altitude and a decrease in insect life.'’ Progression during develop- 
ment also exists. The golden-headed quetzals are known to feed 
exclusively insects to their chicks for the first 3 days of the chicks’ 
lives. When this feeding strategy was employed in a group of these 
birds in captivity, digestive issues decreased, and chick survival 
increased. 

Diets offered to captive trogonids consist of a mixture of vegeta- 
bles (avocado, grape, apple, pear, melon, berries, banana, papaya, 
cactus, tomato, peas, corn, cooked potato, carrot) and vertebrate 
animal matter (pinky mice, hard-boiled egg, bird of prey diet), and 
insects (mealworms, waxworms, crickets, occasionally locusts). Pel- 
leted diets have also been offered in some collections (soft bill diet, 
soaked dog food). Trogonids are susceptible to hemosiderosis and 
hemochromatosis, and limiting dietary iron should be considered. 
Trogonids must consume carotenoids to maintain their bright color- 
ations,”'’ and addition of a synthetic mixed carotenoid product to 
the diet is recommended. 

The physiologic dependence on surface water is unknown, 
although drinking from a pool has been observed in wild elegant 
trogons.""'” Bathing has also been observed in wild elegant trogons, ° 
a wild Malabar trogon (Harpactes fasciatus), a captive golden-headed 
quetzal,’ and captive resplendent quetzals. On the basis of this infor- 
mation, provision of pool-type water sources is recommended. 

Regular nail and beak trimming has been reported necessary for 
captive golden-headed quetzals. Providing vertically positioned soft 
or semi-decayed logs and food items sized such that the birds must 
cut them may decrease the need for these procedures and serve as 
enrichment by increasing foraging and digging behaviors. 

Institutions in the United States that successfully breed some 
species of trogons have useful clinical databases on several adults 
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and chicks. One of the more commonly identified problems with 
parent-reared chicks is parents feeding substrate materials to chicks 
within several days of hatching. In one of these institutions, chick 
losses involving white-tailed trogons (Trogon viridis) occurred most 
frequently within the first 14 days after hatching. Birds living past 
this age, in general, tended to do well and grew to a size and age 
that allowed safe transfer to other institutions. 


LONGEVITY 


Trogonids may be long lived in captivity. Two resplendent quetzals 
housed at the Bronx Zoo lived for 17 and 21 years, respectively.'* 
One wild-caught golden-headed quetzal at the Houston Zoo lived 
for over 21 years, and a second housed at the Denver Zoo has 
reached 19 years of age. A breeding pair of white-tailed trogons 
(Trogon viridis) at the National Aquarium in Baltimore is over 16 years 
of age at the writing of this chapter. Historically, wild-caught animals 
have not fared as well in the United States. Historical acquisition or 
disposition information for United States institutions has revealed 
that 55% of wild-caught trogonids (80% quetzals) died within 1 year 
and 88% within 4 years. 


RESTRAINT AND ANESTHESIA 


Care must be taken when manually restraining trogonids because 
the skeleton is fragile, feathers are easily removed, and the skin tears 
easily."*'® Stress-induced death from physical restraint has occurred 
in healthy trogonids; therefore, the birds’ reactions should be closely 
observed.” Use of inhalant anesthesia with isoflurane has been 
reported in captive trogonids; this agent should be used for invasive 
procedures or for birds that struggle excessively.'’ Captive-reared and 
hand-reared individuals appear to handle restraint better overall 
compared with their wild counterparts. 


DIAGNOSTICS 


Diagnostic testing on trogonids is similar as in other avian species. 
Hematologic and plasma biochemical reference ranges for selected 
species are listed in Table 28-1. 


DISEASES 
Parasitic Diseases 


Table 28-2 lists parasites reported in wild and captive trogonids. 
Wild and captive species are hosts to multiple parasites. Treatment 
of parasites for these animals is with the usual anthelmintics and 
doses used in other avian species. 


TABLE 28-1 
Golden-Headed Quetzal Crested Quetzal White-Tailed Trogon Blue-Tailed Trogon 
Parameter (Pharomachrus auriceps) (N) (P. antisanus)(N=1) (Trogon viridis) (N) (Harpactes reinwardti) (N = 1) 
Leukocytes x10°/uL 5.484 + 5.384 (11) 8.800 + 0 J 5.693 + 1.879 (12) 12.485 +0 
A 6.27 + 2.055 (7) 
Heterophils x10°/uL 2.059 + 1.626 (11) 6.160 + 0 J 1.336 + 616 (13) 7.491 + 0 
A 2.311 + 689 (7) 
Lymphocytes x107/uL 3.236 + 3.082 (11) 2.288 +0 J 2.578 + 1.432 (13) 2.622 +0 
A 1.902 + 0.974 (7) 
Monocytes x10°/uL 0.534 + 0.607 (11) 0.352 + 0 J 0.253 + 0.163 (11) 0.749 +0 
A 0.535 + 0.173 (6) 
Eosinophils x105/uL 0.317 + 0.426 (11) 0.000 + 0 J 0.396 + 0.176 (12) 0.874+0 
A 1.284 + 0.395 (5) 


Continued 
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TABLE 28-1 
Golden-Headed Quetzal Crested Quetzal White-Tailed Trogon Blue-Tailed Trogon 
Parameter (Pharomachrus auriceps) (N) (P. antisanus)(N=1) (Trogon viridis) (N) (Harpactes reinwardti) (N = 1) 
Basophils x10°/uL 0.067 + 0.110 (11) 0.000 + 0 J 1.018 + 0.334 (11) 0.749 +0 
A 0.916 + 0.429 (7) 
Erythrocytes x109/uL 3.53 + 0.45 (6) 1.41+0 2.49 + 0.360 — 
PCV (%) 52.3 + 4.4 (7) 40+0 J 52.6 + 2.55 (13) 50 +0 
A55.4+45 (6) 
Hemoglobin (g/dL) 17.1 + 1.9 (6) 12.9 0 J 19.85 + 0.7 = 
A 18.2 +5 
MCV (fL) 152.5 + 12.1 (4) 284.7 +0 193 + 25.5 — 
MCH (mg/dL) 48.7 + 4.9 (6) 91.8 +0 — — 
MCHC (ug) 31.5 + 3.7 (4) 32 +0 J 38 41.5 (11) — 
A 32.5 + 4.5 (2) 
Total protein (g/dL) 2.9 + 0.8 (9) 5.2+0 J 3.6 + 0.38 (13) 3.9+0 
A 3.73 + 0.31 (6) 
Albumin (g/dL) 1.0 + 0.2 (3) — J 2 + 0.23 (6) 0.8 +0 
A 0.96 + 0.15 (3) 
Globulin (g/dL) 1.8 +0.1 (2) = A 1.6 + 0.2 (3) = 
Calcium (mg/dL) 9.1 + 0.5 (6) 15.1 + 0 J9+0.6 (16) 11.80 
A 8.4 + 0.5 (3) 
Phosphorus (mg/dL) 3.5 + 1.6 (3) — J 4.5 + 1.2 (16) 3.7+ 0 
A 338 + 0.1 (3) 
Sodium (mEq/L) 158 + 4 (6) = J 155 + 3.9 (16) — 
A 157 +1 (3) 
Potassium (mEq/L) 2.4 1.1 (4) — J 3 0.86 (14) 
A 2.4 + 0 (3) 
Chloride (mEq/L) 121 + 2.3 (2) — A 123 + 2.5 (2) — 
Creatinine (mg/dL) 0.1+0() — — — 
Urea nitrogen (mg/dL) 2-00) — — — 
Cholesterol (mg/dL) 276 + 17 (3) — — 370+0 
Triglycerides 293 + 111 (3) — — — 
Glucose (mg/dL) 245 + 84 (6) 288 + 0 339 + 0 332 + 0 
J 292 + 24 (17) 
A 354 + 75 (4) 
Total carbon dioxide 1840 (1) — — — 
Manganese (mEq/L) — — — 2.60 
ALP (Units/L) 231 179 (4) — A 69 + 40 (3) 83 +0 
AST (Units/L) 93 + 20 (7) — 203 + 69 263 + 0 
J 191 + 48 (17) 
A 210 + 67 (4) 
ALT 26 + 10 (4) — A 47 + 28 (3) 81+0 
LDH (Units /L) 215 + 132 (3) — A 99 + 30 (3) 265+0 
CPK (Units /L) 450 + 472 (3) — J 295 + 95 (13) 703 +0 
A 245 + 201 (4) 
GGT (Units /L) 7+0 (1) — A 8.3 + 3.2 (3) 6+0 
Uric acid (mg/dL) 11.0 + 4.8 (6) — J6+1.9 (11) 8.6+ 0 
A 8.5 + 3.8 (4) 
Total bilirubin (mg/dL) 0.4 + 0.2 (4) = = = 
Amylase (Units /L) 324 + 26 (3) — — — 


Reference 
(Unpublished data) 


Houston Zoo, Denver Zoo, 
Philadelphia Zoo 


Philadelphia Zoo 


National Aquarium in 
Baltimore 


San Diego Zoo 


a —r vr nn 
ALP, Alkaline phosphatase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; TL, femtoliter; g/dL, gram per deciliter; GGT, gamma-glutamyl 
transferase; LDH, lactate dehydrogenase; IWCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean cor- 
puscular volume; mEq/dL, milliequivalent per deciliter; PCR, polymerase chain reaction; PCV, packed cell volume; mg/dL, milligram per deciliter; wl, 
microliter; Unit/L, unit per liter. 
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TABLE 28-2 
Parasite Hosts Site/diagnosis/comments Reference 
Protozoa 
Flagellates 

Hemoflagellates 

Trypanosoma sp. Trogon massena* Blood smear 3 

Enteric flagellates 

Giardia sp. Pharomachrus antisanus Fecal examination San Diego Zoo? 

Harpactes reinwardtii Small intestine histopathology 
Trichomonas sp. P. auriceps, P. pavoninus Fecal examination San Diego Zoo? 


Unidentified flagellate P. auriceps Intestinal tract necropsy Houston Zoo? 
T. viridis Mortality attributed to overgrowth National Aquarium, 
Fresh fecal examinations on chicks Baltimore 
Sarcodina 
Unidentified amoeba P. pavoninus Fecal examination San Diego Zoo? 
Sporozoans 
Hemosporozoans 
Haemoproteus Harpactes ardens”, H. duvaucelli*, Blood smear 2 
trogonis H. erythrocephalus”, H. oreskios” 
T. rufus”, T. violaceus” 
Haemoproteus sp. T. clathratus”, T. comptus” , Blood smear 3 
Leucocytozoon sp. P. moccino, *H. oreskios” Blood smear 9,12 
Plasmodium sp. T. mexicanus *, T. violaceus * Blood smear 3 
Coccidia 
Sarcocystis sp. H. reinwardtii Sarcocystis-like cysts in brain at necropsy San Diego Zoo? 
Unidentified coccidia P. auriceps Fecal examination Denver Zoo' 
Nematodes 
Spirurida 
Acuarioidea 
Acuariidae 
Dispharynx nasuta P. auriceps Embryonated ova in feces San Diego Zoo? 
Treated vvith 70 mg/kg fenbendazole once 
daily (SID) x7 days 
Filarioidea 
Onchocercidae 
Unidentified species P. antisanus, H. reinwardtii, Adult filariid in pulmonary artery San Diego Zoo? 
T. personatus Microfilaria present in tissue (lung) impression 
or histopathology 
T. clathratus”, T. massena”, Microfilaria present on blood smear ö 
T. violaceus” 
Habronematoidea 
Habronematidae 
Cyrnea semilunairs T. collaris”, T. melanurus” Proventriculus, small and large intestine 16 
Enoplida 
Trichinelloidea 
Trichuridae 
Unidentified— P. auriceps, P. pavoninus, Fecal examination. Treated with 20-50 mg/kg San Diego Zoo? 
Capillaria H. reinwardtii, T. personatus fenbendazole orally (PO) SID x5 days; repeat 
in 1 week 
Other Nematodes 
Unidentified P. antisanus, P. auriceps Fecal examination. Houston Zoo' 
strongyle-type egg Likely Ornithostrongylus sp. Philadelphia Zoo” 
or larvae Treated with ivermectin 0.3-0.5 mg/kg 
ivermectin PO or subcutaneously (SQ), 
repeat in 3 weeks, or levamisole 25-35 mg/ 
kg PO as single treatment 
Cestodes 
Unidentified cestode P. mocinno Several tapeworm cysts found in pectoral Philadelphia Zoo” 9 


musculature at necropsy 

Unidentified cestodes have also been reported 
in an unidentified Trogon sp. and 
Pharomachrus sp. at necropsy 


Continued 
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TABLE 28-2 
Parasite Hosts Site/diagnosis/comments Reference 
Trematodes 
Unidentified P. antisanus Fluke ova found in fecal examination San Diego Zoo? 
trematode 
Urinary trematodiasis present with distended Wildlife 
left ureter Conservation 
No inflammatory reaction or changes in Society” 
adiacent kidney 
Trematode characterized by a thin spinose 
cuticle, a terminal sucker, and no body cavity 
Lice 
Mallophagan (biting 
louse) 
Trogonirmus elegans T. elegans” Integument 15 
Mites 
Unidentified feather P. moccino Infestation resulted in abnormal molts Miquel Alvarez, 
mite Treated with topical insecticidal powder and Del Toro Zoo” 


normal molts resumed 


*Samples from free-ranging specimens. 
tUnpublished data. 


Infectious Disease 


Fungal Diseases 
Aspergillosis has been a significant disease in captive quetzals. Nec- 
ropsy or mortality information for 76 wild-caught quetzals— 
including resplendent, golden-headed, and crested (Pharomachrus 
antisanus) quetzals—revealed aspergillosis-associated mortality in 22 
birds (29%), with most dying within 1 year and 50% within 6 
months of arrival at their institutions. ' Other recorded fungal infec- 
tions include peracute GI zygomycosis in an adult golden-headed 
quetzal and enteric candidiasis in an 8-day-old golden-headed 
quetzal. Similar to many other avian species, trogon and quetzal 
chicks appear to be prone to Candida infections secondary to other 
infections, antibiotic use, and other immunosuppressive events. Ven- 
tricular candidiasis has been a frequent finding in several white- 
tailed trogon chicks that have succumbed to enteric bacterial 
overgrowth at a young age. 


Bacterial Diseases 
Disseminated mycobacteriosis has been reported in two Cuban 
trogons, a crested quetzal, and two golden-headed quetzals; all three 
quetzals had concurrent aspergillosis. Other bacterial infections 
recorded in captive birds include pseudotuberculosis in an unspeci- 
fied trogonid, bacterial enteritis in an unspecified trogonid, ” dis- 
seminated granulomatous disease caused by an unidentified 
gram-positive filamentous bacterium in a golden-headed quetzal, 
and two cases of bacterial sinusitis in golden-headed quetzals and 
one white-tailed trogon chick. One of these last two cases had con- 
current pneumonitis, and the other previously had been treated 
for Aspergillus sp. sinusitis. In the latter quetzal case, Pseudomonas 
aeruginosa, Proteus mirabilis, Enterococcus sp., Escherichia coli, and 
a-hemolytic Streptococcus sp. were identified on culture. The condi- 
tion was successfully treated with piperacillin. As with other avian 
families, bacterial overgrowth of the intestinal tract is a risk in hand- 
reared trogonidae chicks. 


Noninfectious Disease 


Neoplastic Diseases 

Biliary adenoma has been reported in a resplendent quetzal.'! A 
granulosa cell tumor with liver metastasis was noted in a medical 
report of an 18-year-old, female golden-headed quetzal. 


Nutritional Disorders 

General malnutrition and wasting have been seen in a number of 
trogonids. Most of these have been recent captures; many of these 
birds display varying degrees of hepatic lipidosis.'' Iron-storage 
disease (hemochromatosis) was reported in a crested quetzal, with 
death attributed to the condition. Hemosiderosis was detected in a 
second crested quetzal and a golden-headed quetzal at necropsy and 
in two clinically normal golden-headed quetzals via hepatic biopsy. 
A condition felt to be related to a high-fruit diet has been reported 
in 14 quetzals and 1 Trogon sp., whereby focal to diffuse accumula- 
tion of large, refractile, pigment particles—thought to be primarily 
lipofuscins but with some iron also present—were observed in the 
liver. Hepatic necrosis and chronic inflammation commonly were 
associated with larger areas of pigment accumulation.'' Other pre- 
sumptive nutrition-related disorders include bilateral cataract devel- 
opment in a hand-reared golden-headed quetzal,’ and atheroma of 
the great vessels of the heart in an unspecified trogonid.” 

GI obstruction and hypomotility in neonatal golden-headed quet- 
zals was seen in the Houston Zoo. Changing the diet of the parents 
and thereby changing the diets of the chicks to a higher-protein, 
lower-carbohydrate diet during the first 3 days of the chicks’ lives 
seemed to resolve this issue. 


Trauma 

Trogonids are monogamous and territorial and are maintained as 
individuals, pairs, or small family groups. In single-species exhibits, 
intraspecific aggression has rarely been reported, but in mixed- 
species exhibits, trauma and death from aggression (presumably 
interspecific) has been reported more frequently. Exhibit-related 
trauma, including drowning and running into objects, have also been 
reported, with a greater prevalence in mixed-species enclosures. 
Parental trauma to chicks has been noted. 


Diseases of Unknown Etiology 


Gastrointestinal System 

Ulcerative ventriculitis with acute hemorrhage was reported in a 
resplendent quetzal. Acute enteritis was reported in Cuban trogons, 
and chronic enteritis characterized by moderate diffuse lymphoplas- 
macytic infiltrates in the lamina propria of the small intestine was 
described in a crested quetzal. Small intestinal obstruction was 
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reported in two resplendent quetzals; a food item (piece of orange) 
was identified in the duodenum in one case. Hepatitis—usually 
acute—has been reported in Cuban and elegant trogons and in 
resplendent quetzals. In some collections, digestive impactions in 
chicks result from parents feeding inappropriate nondigestible mate- 
rials such as wood shavings and cork pieces. 


Urogenital System 

Mortality associated with egg-binding has been reported in a blue- 
ailed trogon (Harpactes reinwardtii). Reported primary renal diseases 
have included glomerulonephritis, renal amyloidosis, and nephro- 
sclerosis in resplendent quetzals, and peracute nephrosis in a golden- 
headed quetzal. 


Nervous System 

Encephalitis was reported in a resplendent quetzal, which developed 
progressive incoordination, inability to perch, and wasting over a 
month. Histopathology revealed neuronophagia, satellitosis, and 
focal gliosis. Brain abscessation has also been reported in a resplen- 
dent quetzal. 


REPRODUCTION 


Little information about the breeding behavior, nest sites, or eggs is 
available for over 25% of trogonid species. ” Only the resplendent 
quetzal, golden-headed quetzal, and vvhite-tailed trogon (Trogon 
viridis) have reproduced in captivity. "" Table 28-3 summarizes 
reproductive information for the last two species. 

In the wild, breeding coincides with food availability and is 
dependent on geography.'* Singing males have been observed in 12 
species, and occasional dual-species assemblages have been reported 
in Africa and the New World. During these events, males may chase 
one another, but physical contact is generally avoided. Although the 
behavior attracts females and the majority of participating males are 
bachelors, it is not felt to serve solely a pair-forming function; even 
paired males may leave their mates temporarily to join the 
assemblage." 

Both sexes share in nest site preparation and use elevated cavities. 
Sites are classified as either open niche, with the incubating or 
brooding adult largely visible from the front of the opening, or as 
sites with an upward slanted tube leading to a fully enclosed 
chamber.” Most species use preexisting holes that require minima 
excavation in decaying trees or stumps, natural cavities in living 
trees, dead bamboo (orange-breasted trogon, Harpactes oreskios), or 
old woodpecker holes.'* However, among the New World genus 
Trogon, full excavation of nest sites is often performed. The trogonid 
beak is poorly designed for this task; considerable energy and time 
are expended, with multiple sites often abandoned after the birds 
strike substrate that is too hard or two soft. Besides decaying wood, 
several Trogon sp. excavate arboreal termitaries. The violaceous 
trogon (Trogon violaceus) also excavates vespiaries (wasp nests) and 
occasionally arboreal ant nests, the latter behavior being unique to 
New World birds.” Although trogons cohabitate with termites, wasps 
and ants are removed or eaten or forced to vacate."''* The violaceous 
trogon is also unique in its excavation of arboreal fern-root masses 
and other epiphytes.”” Successful nest sites provided for captive 
trogonids are described in Table 28-3. Provision of nest sites that 
require some excavation appears to be critical to success in most 
cases. Patience is required because interest in nest sites may be 
delayed. For example, at Vogelpark Walsrode (VW), Germany, a pair 
of white-tailed trogons introduced to an exhibit showed no interest 
in the provided nest for 3 years. 

Usually two to three eggs are laid in the unlined nest, with both 
parents sharing in the 16- to 21-day incubation. Brood rearing is also 
performed by both parents, with the chicks fed bill-to-bill or via 
regurgitation of recently captured prey items. Although most species 
feed only insects to their nestlings, the violaceous trogon also feeds 
small fruits. The resplendent quetzal initiates the feeding of fruit, 


especially lauraceous varieties, to their young starting at age 11 
days. “” During brood rearing at the Houston Zoo, golden-headed 
quetzals shifted dietary preferences with an increase in avocado, 
animal protein, and mealworm consumption (see Table 28-3).'* 
Nest sanitation is not performed, and chick feces, regurgitated seeds, 
and chitinous insect remains may accumulate considerably.'*!” Hand 
rearing has usually been required in golden-headed quetzals because 
of parental neglect or disinterest in the eggs, the chicks, or both (see 
Table 28-3). In at least one institution in the United States, chick 
mortality was highest within the first 14 days after hatching in white- 
tailed trogons regardless of rearing history. Hand rearing at VW was 
required because of the mortality associated with the adults inadver- 
tently feeding bark and fibers with food to the chicks. Successful 
hatching of white-tailed trogons at VW occurred with incubators set 
at 37.4° C and 55% humidity. 

Like other hole-nesting birds, trogonid chicks have papilla-like 
calluses on the undersides of their tarsi, which seem to function as 
nonslip cushions or for resting on the hard nest substrate and may 
also aid in climbing out of the nest cavity. Fledging occurs in 14 to 
31 days, although the chick may depend on adults for up to 17 
weeks, given the rather specialized food-catching behavior of trogo- 
nids.'* See Table 28-3 for description of captive fledging dates and 
behavior. First basic plumage is quickly assumed, and, except in 
some larger species, the young bird resembles the adult of the respec- 
tive sex.” Adult plumage is gained by approximately 1 year of age,” 
and on the basis of the production of viable offspring from captive- 
hatched golden-headed quetzals, sexual maturity is determined to 
be attained by 2 years of age.'* 


ACKNOWLEDGMENT 


This chapter would not have been possible without the generous 
contributions of husbandry, medical, and pathology information 
from the following individuals: Martin Vince, Riverbanks Zoo; 
Donna laleggio and John Trupkiewicz, Philadelphia Zoo; Shirley 
Lliso and Marianne Tocidlowski, Houston Zoo; Jeff Baier, Denver 
Zoo, David Rimlinger, Ise Stalis, and Meg Sutherland-Smith, San 
Diego Zoo; Christopher Hanley, Toledo Zoo; Dieter Rinke, Vogelpark 
Walsrode, Germany; Jill Arnold, Carey Rowsom, Brent Whitaker, 
and Leigh Clayton, National Aquarium in Baltimore; Abenamar Pozo 
and Jacqueline Sigler, ZOOMAT; Miquel Alvarez, Del Toro Zoo, 
Chiapas, Mexico; Paul Calle and Barbara Mangold, Wildlife Conser- 
vation Society; Mark Bremer, Jessica Hampton and Robert Wagner, 
National Aviary in Pittsburgh; Josef Lindholm, Caldwell Zoo; and 
Eric Miller and John Sykes, Saint Louis Zoo. I would also like to 
thank Tobias Kruhm and Eduardo Valdes, Walt Disney World, for 
the translation of the German and Mexican literature. 


REFERENCES 


1. Attenborough D: The life of birds, Princeton, NJ, 1998, Princeton Univer- 
sity Press, pp 85-87. 

2. Bennett GE Peirce MA: The haemoproteids of the avian orders musopha- 
giformes (the turacos) and Trogoniformes (the trogons). Can J Zoo 68: 
2465, 1990. 

3. Bennett GE Whiteway M, Woddworth-Lynas C: A host-parasite catalogue 
of the avian haematozoa. Mem Univ Nfld Occas Pap Biol 5, 1982. 

4. Bennett PM, Harvey PH: Acting and resting metabolism in birds: Allom- 
etry, phylogeny, and ecology. J Zoo 213:327-363, 1987. 

5. Berry RJ: Breeding the golden headed quetzal. AFA Watchbird 13:24-31, 
1986/1987. 

6. Bruning D: Use of canthaxanthin to maintain the natural colour of 
captive birds at Bronx Zoo. Int Zoo YB 11:215, 1971. 

7. Clark HL: Notes on the anatomy of the Cuban trogon. Auk 35:286-289, 
1918. 

8. Espinosa De Los Monteros A: Phylogenetic relationships among the 
trogons. Auk 115:937-954, 1998. 


. Garrigues R, Dean R: The birds of Costa Rica: A field guide, Costa Rica and 
New York, 2007, Comstock Publishing Associates, pp 140-144. 


10. Grimmett R, Inskipp C, Inskipp T: Helm field guides: Birds of Nepal, New 


Delhi, India, 2000, Prakash Book Depot, p 72. 


11. Griner LA: Pathology of zoo animals, San Diego, CA, 1983, Zoological 


Society of San Diego. 


12. Huff CG, Wetmore A: Blood parasites of birds collected in four successive 


years in Panama. Bull Wildl Dis Assoc 3:1978, 1967. 


13. Ingram K: Hummingbirds and miscellaneous orders. In Fowler ME, 


editor: Zoo and wild animal medicine, ed 2, Philadelphia, PA, 1986, 
Saunders, pp 447-456. 


14. Johnsgard PA: Trogons and quetzals of the world, Washington, DC, 2000, 


Smithsonian Institution Press. 


20. 


15. Kunzman MR, Hall LS, Johnson RR: Elegant trogon (Trogon elegans). 


In Poole A, Stettenheim P. Gill E editors: The birds of North America, 
Philadelphia, PA, 1998. 


. Magalhares-Pinto R, Correa-Gommes D: Nematodes of Amazonian birds. 


Mem Inst Oswaldo Cruz Rio de Janeiro 80:213-217, 1985. 


. Miller WDW: Relative length of the intestinal caeca in trogons. Auk 


35:480, 1918. 


. Rinke D, Müller M, Magnus W: Erfahrungen mit WeiBschwanz-Trogonen 


(Trogon viridis). Geftederte Welt 120:345-347, 1996. 


. Wheelwright NT: Fruits and the ecology of resplendent quetzals. Auk 


100:286-301, 1983. 
Williams JG, Arlott N: A field guide to the birds of East Africa, Glasgow, 
Scotland, 1981, William Collins Sons and Company Ltd., pp 122-123. 


CHAPTER 29 © Coraciiformes (Kingfishers, Motmots, Bee-Eaters, Hoopoes, Hornbills) 225 


— 
CHAPTER 29 


Coraciiformes (Kingfishers, 
Motmots, Bee-Eaters, Hoopoes, 


Hornbills) 


Kathryn C. Gamble 


TAXONOMY AND BIOLOGY 


The order Coraciiformes includes four suborders (Alcedines, 
Meropes, Coracii, Bucerotes), with 10 families distributed respec- 
tively into the suborders as 3, 1, 3, and 3. It is a highly eclectic 
grouping of birds composed of kingfishers, todies, motmots, bee- 
eaters, rollers, cuckoo-rollers, ground-rollers, hoopoes, woodhoo- 
poes, and hornbills. Birds in this order are generally diurnal (except 
the hook-billed kingfisher, Melidora macrorrhina) and found in the 
Old World (except todies, motmots, and some kingfisher species). 
They are generally nonmigratory, although some startling exceptions 
in the Merops bee-eaters and rollers have been documented. Each 
family, and often even genus, is so phenotypically distinct that it is 
difficult to confuse their identification with any other bird species, 
but they rarely ever seem to resemble other species within their own 
order. 

Extensive natural history descriptions for this order have been 
provided in a prior edition,’ where the topic was reviewed in its 
entirety, and no additions or changes have been made thereafter. 


UNIQUE ANATOMY 


Coraciiformes species generally are large headed, with short, hooked 
beaks and weak, short legs. Although exceptions to each of these 
characteristics exist, for example, the sharp beaks of the kingfishers 
or the delicate beaks of the hoopoes and wood hoopoes and the 
longer legs of the ground-rollers and ground hornbills, which move 
confidently by striding rather than hopping as typically seen in other 
species of this order. Coraciiformes species do share varying arrange- 
ments of syndactylism,* including fusion of pedal digits 3 and 4 in 


kingfishers, bee-eaters, hoopoes, and woodhoopoes; fusion of pedal 
digits 2 and 3 in rollers; central fusion of all pedal digits in hornbills; 
and zygodactylous pedal digits in ground-rollers and cuckoo-rollers. 
Additionally, all species lack the stylohyoideus muscle, which mini- 
mizes tongue mobility and affects feeding style, and ceca,' but all 
have a primitive bony stapes within the middle ear. 

In Bucerotes, the molting patterns of the remiges and rectrices 
are characteristic of the order and are extremely complex. In Momotus 
species, the characteristic streamers of the central pair of rectrices 
terminate in diamond or oval racquets, and are created as the weakly 
attached barbs along that plume are lost from a normally erupted 
feather.’ Bee-eaters present intercalated covert feathers along their 
primaries, whereas hornbills have no primary covert feathers. Most 
members of this order present brightly colored plumage, including 
he scarlet gorget characteristic of todies, although in hornbills spec- 
acular keratin coloration is concentrated in the bare skin and beak 
rather than in the plumage. Most unusually, in the Asian hornbills 
in Buceros, the beak and casque coloration is based in orange and 
yellow carotenoid pigments as cosmetic oil obtained from the uro- 
pygial gland. 
The beak of the hornbill needs to be discussed in detail, as 
each of the 52 extant species develops an ornamentation on 
he dorsal rhinotheca (casque), which is unique to this group.’ 
In all but one species, the structure is an air-filled chamber created 
of a thin bony layer surrounded by keratin, although in some 
species (Tockus and Ocycerous), the casque is simply a ridge. The 
exception of the helmeted hornbill (Rhinoplax [Buceros] vigil) is 
the casque of the male that is immense and essentially solid; it is 
made of an “ivory,” which weighs nearly 10% of the bird’s body 
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TABLE 29-1 


Weight Length Free-Ranging Diet Captive Diet 
Kingfisher Micronesian 58-66.5 Never plants Supplement with calcium, 
grams (g)'° multi-vitamins during hand 
rearing ° 
Tody 5-9 g Limited vegetation 
Motmot Blue-crowned 105-125 g”” Blue-crovvned 38-43 
centimeters (cm) 
Bee-eater Most spp. 20-90 g Carmine 24-27 cm, Mixed carotenoid 
Carmine 44-61 g tail 9 cm supplementation specific for 
Rainbow 20-30 g carmine and rainbow*'° 
Roller 80-214 g Chicks fed exclusively protein for 
first 14 days of nesting 
Woodhoopoe Green 54-99 g Green 32.5-37 cm 
Hornbill Omnivores with increased protein Despite differences in diets, 


Buceros and Aceros hornbills 
did not have differing protein 
metabolism;° caution 
indicated for iron-sensitive 
Aceros sp.” 


and fig consumption associated 
vvith reproduction, African Tockus 
primarily insectivorous, African 
Bucorvus essentially carnivorous; 
Asian Buceros omnivorous with 
marked protein consumption; all 
other species predominantly 
frugivorous 


NOTE: As Table 29-1 in the previous edition* was well detailed and extensively reviewed, this current table only provided updates or amendments to 
the previously published data. No changes of any kind were needed for data on ground-rollers, cuckoo-rollers, or hoopoes. 


weight as compared with the estimated 3% to 5% in other Buceros 
species.” The true purpose of the casque is unknown, although 
it has been proposed to be a resonance chamber or a hammer 
for nest excavation. It is presumed to be a signaling mechanism, 
particularly for gender and maturity, as it varies so markedly 
by species, gender, and age. Systematic imaging and skeletal prepara- 
tion have identified relationships of this casque space within the 
paranasal sinus system.” Specifically, Buceros hornbills were not 
found to connect the casque space to the maxillary sinus, whereas 
other species were demonstrated to do so. All species assessed 
did present a casque sinus located between the casque and the 
calvarium. 

Another unique feature of the bucerotids is the normal presence 
of subcutaneous emphysema. This air sac system begins to develop 
in the chick under the skin of the shoulders and then moves to cover 
the entire body by the time of fledging.’ 

Additional taxonomic description has been provided in a prior 
edition,’ and the taxonomy was reviewed in its entirety with no 
additions or changes for anatomy, measurements, or dietary habitats 
made thereafter; the exceptions have been discussed above and are 
listed in Table 29-1. 


SPECIAL PHYSIOLOGY 


The non-hornbill species of the order overall do not tolerate extreme 
temperatures well. Generally, the taxon-specific approach to colder 
ambient temperatures is communal nocturnal roosting, especially 
documented in bee-eaters and woodhoopoes, and morning sunbath- 
ing.” The exception to this cold management is found in the todies 
(see extensive accurate description provided in the prior edition”) 
and includes heterothermy, reduced basal metabolic temperature, 
and torpor; these adaptive mechanisms are employed most notably 
in females.’ These approaches are rare within other avian species, 
specifically heterothermy, which has been documented in two fami- 
lies of Passeriformes (Nectariniidae-sunbirds; Pipridae—manakins) 
and in Apodiformes (hummingbirds), and torpor, which has been 


documented in four orders—Apodiformes, Caprimulgiformes 
(nightjar), Coliiformes (mousebirds), Procellariiformes (petrels)— 
and in only one family within Passeriformes—Hirundinidae (swal- 
lows). Bee-eaters have thin plumage on their medial thighs, which 
allows dissipation of excess heat when the legs are lowered during 
flight.’ 

Most other taxon-specific details have not changed from the prior 
edition’ and exceptions are discussed later in this chapter. 


HOUSING REQUIREMENTS 


In the prior edition of this text, details regarding the natural habitats 
and reproductive parameters of this order were reviewed and have 
not changed thereafter.* In spite of the several highly cooperative 
breeding techniques used by these species, it is important to note 
that many of the Coraciiformes species are highly territorial; this can 
complicate mixed-species displays, particularly those containing 
kingfishers, motmots, rollers, and wood hoopoes.* 


FEEDING 


In the prior edition of this text, details on the natural and captive 
diets documented were reviewed and have not changed thereafter." 
An additional detail that has to be noted is that reduced tongue 
mobility, as a result of lack of the retractor musculature, affects the 
ability of the Coraciiformes species to manipulate food. It is the beak 
that manipulates food items dexterously, and the manipulation ends 
with a head tossing technique that moves the food to the caudal oral 
cavity to be swallowed. The green woodhoopoe (Phoeniculus pupu- 
reus) has gender differences in beak length and size, which affects 
the type and size of insect prey each gender most successfully 
obtains. 

As food items are swallowed intact, nearly every species of the 
order has been confirmed to employ mashing or often “whacking” 
of food items held in the beak to soften fruits, kill prey and break 
its bones, or remove spines or barbs.’ This approach is particularly 
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important for birds such as bee-eaters that consume venomous prey 
or when chicks are fed. Because of their consumption of whole-prey 
food items, many of the Coraciiformes species—even chicks— 
regurgitate pellets of indigestible material. This finding is particularly 
noteworthy in bee-eaters but rarely seen in hoopoes and never in 
todies. 

Hornbills can be categorized by their means of food carriage to 
the nest to feed chicks as those that carry single or multiple items, 
those that swallow and regurgitate the food item, and those that carry 
the food item intact in the beak The smallest African species 
(Tockus) carry single food items in the bill tip, whereas the largest 
African species (Bucorvus) carry multiple items aligned along the 
beak path. The arboreal African species found in the genera Bycan- 
istes and Ceratogymna are mainly frugivorous and similar to the Asian 
hornbill frugivores of the genera Anthracoceros, Aceros, and Rhyticeros, 
as they swallow a number of fruits and then regurgitate them singly 
to feed the chicks at the nest. Interestingly, the Asian species in 
Ocyceros that most phenotypically resemble Tockus was differentiated 
by its carriage of multiple ingested fruit items for regurgitation. The 
largest Asian hornbills of Buceros and Rhinoplax feed multiple ingested 
fruits to chicks by swallowing and then regurgitating the food, 
whereas individual prey items are carried in the beak and presented 
to the chicks. 


REPRODUCTION AND NEONATAL CARE 


In the prior edition of this text, details on breeding behavior, egg 
appearance and number, and periods of incubation and nesting were 
reviewed and have not changed since" except as follows. To the 
extent known, rollers are considered monogamous. Bee-eaters 
produce up to 8, rather than 10, eggs; hoopoes produce 4 to 8 eggs, 
on average; palearctic hoopoes produce up to 12 eggs; and wood- 
hoopoes produce an average of 2 to 5 eggs. A species-specific 
detail to note is that each one of the 1 to 4 eggs laid by a female 
tody is 26% of its body mass. Each egg has a large yolk in proportion 
to its size because of longer incubation duration by 1 week compared 
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with similarly sized birds eggs, and this imparts a rosy-sheen to the 
white shell. This prodigious commitment of resources is similar to 
that measured in only two other avian families, Apterygidae (kiwi) 
and Hydrobatidae (storm petrel), whereas in most other avian 
species, a given egg makes up between 1.8% to 11% of the females 
body weight.’ 

Coraciiformes neonates are hatched altricial, with prognathism 
hat is maintained for several days. As the order members are cavity- 
nesters, often with minimal nest material, the chicks have prominent 
tarsal callosities to cushion this area. They are all gymnopedic, except 
for the montane blue-throated motmot (Aspatha gularis), cuckoo- 
roller, hoopoe, and green woodhoopoe. However, all Coraciiformes 
species have quill-like eruptions of their developing feathers, which 
persist in the waxy sheaths for a protracted time. As the majority of 
he order is naked of other plumage at this stage, the chick has a 
startling appearance that has been described as resembling a “hedge- 
hog,” a “pincushion,” or a “porcupine.” The chicks essentially fledge 
with a duller version of the adult plumage. 

Some species-specific information with regard to the cavity 
nesting of Coraciiformes is presented in Table 29-2. These factors 
affect housing, nesting provision, and chick rearing potential. The 
asynchronous hatching of the laughing kookaburra (Dacelo novaegui- 
naea) is particularly noteworthy, as siblicide of the younger chicks is 
frequent when resources are limited.” This species, by an unknown 
mechanism, also manipulates the gender of its chicks with the first 
eggs nearly always being male and second eggs being nearly always 
female. With the gender disparity of females of larger size than males 
in the Alcedines, this arrangement provides a catching-up potential 
for the second chick while permitting the first chick to establish 
itself. A second species-specific occurrence would be one egg from 
each green woodhoopoe clutch often failing to hatch, which appears 
to be a population-adaptive mechanism in wild populations.’ Finally, 
as with adults, tody chicks are particularly vulnerable to cold tem- 
peratures. They are documented to huddle closely within the nest 
for warmth in a more taxon-typical manner to thermoregulation as 
compared with the adults of this species.’ 


TABLE 29-2 
Location Appearance Annual Replacement Hatching Synchronicity 
Kingfisher Mud bank (most); tree; Excavated or preformed Reused Synchronous, except pied 
termite mound chambers kingfisher (Ceryle rudis) 
and laughing kookaburra 
(Dacelo novaeguineae) 
Tody Earth embankment Excavated burrows or tunnels — Replaced Unknown 
Motmot Earth embankment Excavated burrows Replaced Synchronous, except 
turquoise-browed motmot 
(Eumomota superciliosa) 
Bee-eater Earth embankment Excavated holes Replaced Asynchronous 
Roller Tree (nearly all); earth Excavated or enlarged holes Unknown Asynchronous 
Ground-roller Ground or earth embankment; Excavated burrows Unknown Unknown 
except tree short-legged 
roller (Brachypteracias 
leptosomus) 
Cuckoo-roller Tree Preformed cavity Unknown Unknown 
Hoopoe Rock; tree (secondary) Preformed cavity Reused but annual Asynchronous 
change to pair using 
Woodhoopoe Tree Preformed cavity Unknown Variable synchronicity 
Ground hornbill Flat ground Minimal excavation Variable, generally area Synchronous 
reused 
Hornbill Tree Excavated or enlarged cavities Variable, generally reused Asynchronous 


228 PART Ill © AVIAN GROUPS 


It is important to note that nesting material is limited in the 
typical Coraciiformes environment in captive hand-rearing situa- 
tions. Ventricular impaction with plant material resulting in death 
has been reported in juvenile Micronesian kingfishers (Todiramphus 
[Halycon] cinnamominus). ° 


RESTRAINT AND HANDLING 


unexpected, atypical mycobacterial infection with Mycobacterium 
simiae has been documented in this kingfisher species.”” With this 
apparent species proclivity, it is recommended that complete myco- 
bacterial species identification be performed in suspected avian 
mycobacteriosis cases. 


PARASITIC DISEASE 


Smaller Coraciiformes species, as well as small hornbills, can be 
captured, as described in the prior edition,’ by using an appropriate- 
sized net and then restrained manually in a routine manner. However, 
adult hornbills, especially those other than Tockus species, generally 
should be captured by using direct manual restraint; netting must 
be followed by secure restraint of the bird’s very strong beak and 
head movements. Hornbills are particularly amenable to operant 
conditioning, so routine training for weighing or for crating for 
transport should be considered. 


SURGERY AND ANESTHESIA 


o particular difference exists in the consideration of manual 
restraint versus anesthesia for Coraciiformes compared with other 
avian species. When the ability to restrain is limited or the required 
procedural intervention is more complex than physical examination 
and blood collection, anesthesia is recommended. Hornbills have 
external nares located near the head, and often in birds with larger 
casques routine facemask application is precluded; as an alternative 
o chamber induction, an appropriately sized plastic bag can be used 
o cover the head of the manually restrained bird and infused with 
inhalant anesthesia; this is an excellent induction approach prior to 
endotracheal intubation for longer procedures. 

Surgical approach for Coraciiformes is not widely different from 
hat for other similarly sized birds; however, the hornbill’s casque 
and paranasal sinuses have to be taken into consideration while 
determining the surgical approach. Published reports of systematic 
imaging and skeletal preparation have provided surgical anatomic 
description of the casque space in relation to the paranasal sinuses." 


DIAGNOSTICS 


Phlebotomy in Coraciiformes is routine, both in approach and 
volume limitations, as in other avian species. Subcutaneous emphy- 
sema of the Bucertoid may occasionally make it challenging to 
perform needle insertion along the venous furrows. 

In the prior edition of this text, clinical pathology reference 
values were tabulated for several species of Coraciiformes.” At 
that time, it was noted that the data provided were derived from 
the classification of all individuals in the sample set regardless of 
age. In review, it was noted that using either all individuals or 
only adults did not change the data markedly, the exception being 
the alkaline phosphatase of the Abyssinian ground hornbill (Bucorvus 
abyssinicus), in which case exclusion of the data set to adults (22 
international units [IU] + 8) reduced this value from that for all 
birds (94 TU + 129). This change was attributed to the long-lived 
nature of the species of this order and because 50% of the all- 
inclusive data set was for sub-adults. Table 29-3 provides both the 
number of birds sampled for reference ranges from the original table 
and additional reference values for other commonly displayed horn- 
bill species. 


INFECTIOUS DISEASE 


No additional infectious disease concerns have been added to this 
edition of the text, as this taxon of birds does not have a particular 
disease predisposition, except the Micronesian kingfisher, in which 
hepatic mycobacteriosis has been repeatedly documented. Although 
the prior description remains accurate for the species,’ more recent 
epidemiology has assessed this as a disease of environment rather 
than direct contagion.*' Since the last edition,” a novel, somewhat 


The information provided in the previous edition of this text is 
still current.* In the last decade, however, two reports of parasitic 
diseases of concern to this taxon have been documented. In three 
wrinkled hornbills (Aceros [Rhyticeros] corrugatus), deaths, dissemi- 
nated granulomatous disease, and proventricular spirurid infection 
were identified. These animals presented as typically ill birds with 
abdominal distension.’ The parasite—confirmed in only one case as 
Microtetrameres—was not identified with routine fecal parasite evalu- 
ations and seemed apparently unresponsive to usual anthelminthic 
protocols. 

Even more recently, increasing reports of air sac trematodiasis 
have been associated with blue-crowned motmots (Momotus momota) 
in multiple U.S. and European collections.” These Cyclocoelidae 
digenean infections—not all, but many, in the genus Szidatitrema— 
seem to originate in wild-caught birds and have become established 
in coincident snail populations found within the animals exhibit. 
Captive-born birds as well as passerines sharing habitats with 
motmots have become infected. Death has occurred in juvenile 
motmots and passerines because of suffocation by adult trematodes 
or egg-induced respiratory secretions. Diagnosis by using fecal flota- 
ion and sedimentation has been challenging because of inconsistent 
passage of eggs, so motmots in quarantine should be screened spe- 
cifically and for multiple days. Although direct assessment of air sacs 
hrough endoscopy is possible, the procedure is highly invasive in 
smaller birds, and complete direct removal of adult trematodes is not 
possible. The diagnostic value of tracheal swabbing and lavage cur- 
rently is under assessment (K. Delaski, personal communication). 
Treatment with praziquantel, clorsulon, and ivermectin has been 
reported to have little success in motmots, although passerines may 
be cleared of the parasite. This finding provides supporting evidence 
hat the motmot is an adapted host and perhaps should be main- 
ained separately from other bird species unless confirmed clear of 
rematodes. 


NONINFECTIOUS DISEASE 
Neoplasia 


The most important neoplastic concern for Coraciiformes is squa- 
mous cell carcinoma of the casque in the giant hornbill (Buceros 
bicornis). The presentation, diagnostics, and possible treatments for 
this disease have been reviewed extensively elsewhere.’ Only one 
new case has been reported in the United States but three have 
occurred on two other continents. Antioxidants such as carotenoids, 
which are present in the uropygial gland secretions of Buceros and 
transferred to the casque, may be contributory to neoplasia risk 
factors (K.C. Gamble, data in preparation, 2013)./7 

Carcinoma and squamous metaplasia in the uropygial gland have 
been reported in a single collection in the carmine bee-eater (Merops 
nubicus), which is another Coraciiformes species that is highly reliant 
on dietary carotenoids.”'* In five birds presented from a flock of 10, 
no etiologic viral agent or hypovitaminosis A was identified as an 
alternative explanation. 


Iron Storage Disease 

This issue is covered in more detail in another chapter in this text. 
Despite minimal data for confirmation (Table 29-4), a generally held 
concept is that Asian hornbills are uniformly susceptible to iron 
storage disease.”” 1” Many species of these genera are sympatric in 
areas of southern mainland Asia and associated islands. On the basis 
of an analysis of feeding strategies and dietary composition,” it 
seems unreasonable to assign a taxon-wide susceptibility. 
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Von der Decken’s (14) Wreathed (18) Wrinkled (35) Rhinoceros (24) 
WBC (1000/uL) 6.31 + 5.90 15.95 + 13.44 17.64 + 10.41 17.46 + 8.15 
RBC (10°/uL) 3.59 + 0.59 3.00 + 0.50 2.82 + 0.61 3.43 + 1.87 
Hemoglobin (g/dL) 8.2+1.3 15.0 + 3.0 15.8+2.5 13.6 + 2.3 
PCV (%) 45.4 + 5.2 47.4 + 6.8 48.9 + 6.1 45.9 + 5.9 
Heterophil (1000/uL) 3.12 + 3.31 10.21 + 11.43 8.10 + 5.6 8.98 + 4.05 
Lymphocyte (1000/uL) 2.68 + 2:82 4.50 + 2.87 7.18 + 5.84 7.61 + 5.32 
Mon ocyte (1000/uL) 0.34 + 0.43 0.60 + 0.53 1.25 + 1.07 0.82 + 0.66 
Eosinophil (1000/uL) 0.28 + 0.42 0.83 + 0.86 1.67 + 2.49 0.87 + 2.05 
Basophil (1000/uL) 0.19 + 0.03 0.23 + 0.19 0.93 + 1.22 0.22 + 0.12 
Calcium (mg/dL) 8.2 + 1.0 7.6 + 1.0 8.5 + 1.2 9.4 + 1.6 
Phosphate (mo/dL) 3.1 + 2.1 334511 4.0 + 2.1 5.9 + 3.7 
Sodium (mEq/L) 159+5 149 + 10.0 161+11 156+9 
Potassium (mEq/L) 3.5+0.8 334513 3.4 + 1.1 4341.3 
Chloride (mEq/L) 121+7 109 +17 116+8 116 £6 
Uric acid (mg/dL) 10.148 8.9+5.1 0.2+0.1 7.9 +4.1 
Total bilirubin (mg/dL) 1.1+0 0:20 0.2 4 0.1 0.1 +0.1 
Glucose (mg/dL) 343 + 50 258 + 49 250 + 44 218 + 46 
Cholesterol (mg/dL) 85+ 31 144 + 33 109+ 41 159 + 49 
CPK (IU/L) 560 + 245 602 + 212 454 +223 1618 + 550 
ALP (IU/L) 144 + 61 32 + 10 44+19 83 +112 
ALT (IU/L) 23 +13 72 + 130 26 + 13 28 +10 
AST (IU/L) 135 + 42 291 + 125 162 + 62 259 + 66 
Total protein (g/dL) 2.9+0.6 4.2 + 0.5 3.7+0.8 4.2+0.7 
Globulin (g/dL) 1.1403 2.2 + 0.4 1.8 + 0.4 2.0 £ 0.7 
Albumin (g/dL) 1.6+0.5 1.9+0.4 1.8+0.4 1.9+0.5 
ALP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; mEq/dL, milliequivalent per 


deciliter; mg/dL, milligram per deciliter; uL, microliter; PCV, packed cell volume; RBC, red blood cell; /U/L, international unit per liter; WBC, white blood 


cell. 


NOTE: For this chapter, maximum number of birds contributing samples is provided following the species name. For comparable table (Table 30-2) in 
the preceding edition,” these sample sizes were: Micronesian kingfisher (73), blue-crovvned motmot (33), carmine bee-eater (20), lilac-breasted roller (30), 
common hoopoe (28), green woodhoopoe (21), Abyssinian ground hornbill (45), and great Indian hornbill (41). 


TABLE 29-4 


African Ground (3) Giant Indian (4) 


Abyssinian Ground (8) 


Rhinoceros (1) 


Wreathed (2) Wrinkled(1)*  Silvery-cheeked (2) 


102 + 34 92+ 18 801 + 678 


139 257 +19 135 + 59 114 53 


NOTE: Number of birds contributing samples is provided following the species name. One specimen (*) provided multiple samples to the database. 


In 2012, database analysis of 334 complete hornbill necropsies, 
spanning a 20-year period, confirmed that in 10% (15 of 149) of 
African hornbills and 23% (43 of 185) of Asian hornbills, iron 
storage disease was the primary cause of death.” Analysis of data on 
Asian hornbills focused on the four genera with more than 10 indi- 
viduals in the overall database, including Buceros (79), Aceros (54), 
Rhyticeros (23), and Anthracoceros (19). Only Aceros presented 
increased evidence of iron storage disease, as 32% of the 43 cases 
were confirmed attributable to iron storage disease, whereas in each 
of the other genera 21% to 24% were confirmed. The analysis was 
extended to those species with greater than 20 individuals in the 
overall database, including giant hornbill (Buceros bicornis) (53), 
thinoceros hornbill (Buceros rhinoceros) (26), wrinkled hornbill 


(Aceros (Rhyticeros) corrugatus) (33), and wreathed hornbill (Rhyticeros 
undulatus) (23). Iron storage disease was present predominantly in 
two species: wrinkled hornbills (24%) and wreathed hornbills 
(30%), compared with Buceros at 7.5% and 19% in giant and rhi- 
noceros hornbills, respectively. 

On the basis of this analysis, it was recommended that the two 
Aceros species be considered iron sensitive because of their primarily 
frugivorous diet, which seems a predisposing factor for other avian 
taxa with iron sensitivity.’ Since the Asian hornbill has been managed 
historically as iron sensitive, the evaluated data may underestimate 
the actual prevalence of the problem. Treatment for iron storage 
disease has been accomplished through routine chelation, with 
success rates similar to those documented for other iron-sensitive 


species.” For Aceros and Rhyticeros species, particularly wrinkled 
hornbills and wreathed hornbills, and perhaps even more for fru- 
givorous African species, dietary iron should be restricted through 
accurate and complete feed analysis of low-iron products and 
through limitation of animal protein.” Additionally, provision of 
dietary tannin may help restrict absorption of ingested iron. However, 
these restrictions must be lifted during breeding activities and 
nesting.” This approach reflects the natural tendency of this taxon 
to increase dietary protein intake during these times and provides 
the needed nutritional support for the chicks as well as for the female 
that is not only caring for the chicks but also undergoing a complete 
molt of remiges and rectrices. In another iron-sensitive avian species, 
intermittent dietary iron restriction seemed to minimize its storage 
concerns while permitting reproductive success.'! 


Atherosclerosis 

Interestingly, with their reliance on uropygial gland carotenoids, 
aortic and primary artery atherosclerosis has been reported increas- 
ingly as a primary cause of death in giant hornbills (K.C. Gamble, 
data in preparation, 2013)./7 
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CHAPTER 30 


Piciformes (Honeyguides, Barbets, 


Woodpeckers, Toucans) 
John M. Sykes IV 


BIOLOGY order Galbuliformes. Galbuliformes and Piciformes have historically 
The order Piciformes comprises four families: (1) Indicatoridae (hon- been grouped together, as they are both zygodactylous and have 
eyguides); (2) Capitonidae (barbets); (3) Picidae (woodpeckers); and similarities in tendon structure. However, the current thought is that 
(4) Ramphastidae (toucans, toucanets, aracari). The jacamars (Gal- zygodactyly has evolved separately in different taxa (including in 


bulidae) and puff birds (Bucconidae) are now considered part of the Psittaciformes and Cucliformes), so this trait does not imply a close 
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evolutionary relationship. Galbuliformes species are typically insec- 
ivorous, neotropical, perching birds and are not olten kept in 
captivity.” 

Piciformes species are zygodactylous (digits 2 and 3 point 
forvvard, and digits 1 and 4 point backvvard), have unique and 
similar flexor tendon pattern in the leg, have a vvell-developed seh- 
nenhalter of the tarsometatarsal trochlea, have short incubation 
imes, have altricial (naked and blind) young, are cavity nesters, and 
ack down feathers as adults.” 770 Honeyguides (Indicatoridae; 17 
species; 10—20 centimeters [cm] long) are relatively small birds from 
sub-Saharan Africa and southern Asia. Wax, either in the form of a 
waxy coating of some insects or from honeybee nests, composes 
some portion of their diet. Adults have thickened skin, potentially 
as a protective mechanism against bee-stings, as they are not immune 
to this venom. They are brood-parasites, and their hatchlings will 
kill the host hatchlings. Barbets (Capitonidae; 82 species; 9-33 cm 
long) are pantropical and may be found in Asia, Africa, and Central 
and South Americas. They typically have a large head, short neck, 
and strong bills. Barbets are found primarily in forested areas and 
generally need a habitat with sufficient dead wood for excavation of 
nesting and roosting sites, although three species of the Trachyphonus 
genus nest in cavities in the ground. Woodpeckers (Picidae; 216 
species; 8-50 cm long) have a cosmopolitan distribution (although 
not found in Australia or Antarctica). They are found typically in 
arboreal habitats such as tropical and temperate forests, but certain 
species live in sparsely treed areas, including deserts and rocky hill- 
sides. The Ramphastidae family includes toucans, toucanets, and 
aracaris (34 species; 34-56 cm long). These birds are neotropical 
and found only in Central and South Americas. They typically have 
large brightly colored bills and are often found in the forest, although 
some species are present in woodlands and savannas. They typically 
nest in existing cavities, so their habitat may be limited by the pres- 
ence of preexisting nest cavities.” As honeyguides are not often kept 
in captivity, the rest of this chapter will focus primarily on toucans 
and provide available information on barbets and woodpeckers. 


UNIQUE ANATOMY 


Barbets have a short tongue with a brushy tip and bristles around 
the bill.” Woodpeckers have anatomy designed to prevent head 
injury during hammering into wood, including a straight bill, spe- 
cialized microstructure of the cranial bones to increase their strength, 
a modified hinge between the skull and mandible that redirects the 
force away from the brain, and modifications to the structure of the 
eye.” “0 These birds also have a long tongue, with sublingual glands 
that produce a sticky substance. The tongue muscles are supported 
by an extensive hyoid apparatus that extends around the back of the 
skull and over the head and may enter the nares in some species 
(Figure 30-1).” Many woodpecker and neotropical barbet species are 
dimorphic.”'® 

Toucans have serrated edges to their long and colorful bills. The 
bill is lightweight and composed of bony struts (Figure 30-2). Many 
functions have been proposed for this beak, including its use in 
courtship and foraging. One recent theory proposes that the beak 
may be used as an effective thermoregulator, similar to elephant 
ears.” The tongue is laminated along the sides and tends to be brush- 
ike toward the tip (Figure 30-3). The tail vertebrae are modified 
such that these birds may rotate the tail forward until it touches the 
head, and they often sleep in this position with the tail forward and 
he head curved back.” Ramphastids also have a ventral deviation of 
he trachea at the thoracic inlet, which should not be interpreted as 
abnormal (see Figure 30-2). With the exceptions of some toucanets 
(Selenidera spp.), the green aracari (Pteroglossus viridis), and the let- 
ered aracari (P. inscriptus), toucans are monomorphic. Toucans lack 
a crop.” 

The nestlings of Piciformes species generally have some type of 
hypotarsal heel pad near the hock that they rest on the ground 
instead of standing on their feet. This feature fades as the nestlings 
mature.” 


FIGURE 30-1 Composite computed tomography image of the skull 
of a golden-fronted woodpecker (Melanerpes aurifrons). Note how the 
hyoid apparatus wraps around the back and top of the skull, nearly 
reaching the nares. (Photo courtesy of Digimorph.org; reprinted with 
permission.) 


FIGURE 30-2 A lateral whole-body radiograph of a keel-billed toucan 
(Ramphastos sulfuratus). Note the minimal bony component to the 
bill and the ventral deviation of the trachea at the thoracic inlet (aster- 
isx). This deviation is normal in Ramphastids. (Photo courtesy of J. 
Sykes, Wildlife Conservation Society.) 


SPECIAL HOUSING REQUIREMENTS 


As both barbets and woodpeckers excavate their own nesting and 
roosting cavities, these species may be destructive to wooden struc- 
ures. Some of this behavior may be redirected by including enrich- 
ment items such as soft or rotting logs in the enclosure. Care should 
be taken to keep the enclosure free of blind-ended tight cavities. 
Barbets have been known to enter cavities such as the ends of hollow 
bamboo or paper towel rolls and be unable to back out. Barbets are 
generally kept in pairs or family groups. It may be useful to drill 
pilot holes in logs to encourage nest excavation and breeding for 
barbets, although woodpeckers will often use preexcavated nest 
boxes. Many of the Piciformes species may be territorial during 
breeding.” 

Toucans are very active and need an appropriate amount of space. 
These birds do occasionally prey on smaller birds, particularly nest- 
ings, and so may be difficult to keep with other species, as they may 
eliminate the breeding potential of other birds in the exhibit. The 


232 PART Ill © AVIAN GROUPS 


nn i 
Imm 10 20 K 40 


FIGURE 30-3 The tongue of a keel-billed toucan (Ramphastos sul- 
furatus). Note the laminated sides and brushlike tip. (Photo courtesy 
of D. McAloose, Wildlife Conservation Society.) 


most successful housing for breeding activity is a large private 
outdoor enclosure. Breeding pairs should be visually separated from 
each other. Some species are somewhat cold tolerant but are suscep- 
tible to frostbite and should be kept indoors during the colder 
months in temperate climates.”” Young birds may be prone to 
flying into mesh and damaging their bills, which are generally soft 
early in life. Care should be taken to avoid startling these young birds 
and to provide a large enough enclosure so that they can move away 
from people.” Adults are active and curious, so they may trap their 
heads in small holes or forked branches and may ingest foreign 
objects in the enclosure.'° Ramphastids are reported to be particu- 
larly prone to yersiniosis, likely transmitted from rodents. Thus, food 
pans should be elevated off the ground, ideally on freestanding 
structures and preventive rodent control measures routinely 
employed. 


FEEDING 


Barbets are primarily frugivorous but will eat arthropods. Woodpeck- 
ers are primarily insectivorous but will eat fruits, nuts, seeds, and 
sap. Toucans are primarily frugivorous. All these groups will feed 
insects, and often animal protein, to their nestlings. As toucans are 
particularly prone to hemochromatosis (iron storage disease), the 
iron in their diet should be limited. A number of low-iron complete 
pellets are commercially available. The appropriate upper limit of 
dietary iron is debatable. Pellets should contain less than 150 to 200 
parts per million (ppm) iron,” and the total iron content of the diet 
should probably be less than 40 ppm.’ Canine kibble is generally 
too high in iron for these birds. As in humans, highly acidic foods 
increase the absorption of iron from the stomach, so it is often rec- 
ommended not to feed acidic fruits such as citrus, tomatoes, or 
strawberries to toucans. “İl” Some institutions attempt to use dietary 
tannins to help bind the iron and make it less available for absorp- 
tion. Methods for adding these tannins include soaking the food in 
brewed tea or sprinkling tea leaves over the diet. It is unclear if these 
types of measures alter the uptake of iron in birds, but they are not 
likely to be particularly harmful. 


RESTRAINT, ANESTHESIA, SURGERY, 
AND DIAGNOSTICS 


Restraint and medical techniques are similar to those for other birds. 
Some of the larger specimens may bite, so their heads should be 
restrained as for psittacines. Anesthesia is most often accomplished 


by using inhaled isoflurane. Custom-made masks (such as those 
made out of plastic soda bottles) are required to fit the long toucan 
beak into the mask to deliver the isoflurane to the nares. These birds 
may be easily intubated with an uncuffed endotracheal tube, although 
in the authors practice, most toucans are maintained by using a 
laryngeal mask airway to decrease the risk of postintubation tracheal 
stenosis.”” Bill fractures are not uncommon in toucans. These wounds 
may be initially bandaged to control hemorrhage, and repair may be 
attempted with the use of dental restoratives and prosthetics.’ Blood 
may be collected from the right jugular vein or the ulnar vein in 
larger animals. Selected hematology and biochemical parameters are 
listed in Tables 30-1 and 30-2. 

Reports on the normal cloacal flora for three species of toucans 
and two species of aracaris have been published. Normal flora 
include typical gram-negative enteric bacteria (Escherichia coli, Kleb- 
siella spp., Enterobacter spp.) in addition to gram-positive cocci, 
including Staphylococcus spp. and Streptococcus spp.’ 


DISEASES 
Barbets 


Little published information on the causes of morbidity or mortality 
in Piciformes other than ramphastids is available. A review of 164 
necropsy records of barbets from 1939 to 2012 from the authors 
institution has revealed that 7% (12/164) died of metabolic causes, 
15% (25 of 164) of trauma, and 28% (46 of 164) of infectious or 
inflammatory conditions, and the diagnosis remained open for 45% 
(75 of 164). Causes for inflammation where an etiology was deter- 
mined included aspergillosis, pancreatic tremadodiasis, ventricular 
candidiasis, and disseminated mycobacteriosis. Two cases of neopla- 
sia were identified: a pulmonary fibrosarcoma and a ventricular 
sarcoma. Although not widely reported in Piciformes other than 
ramphastids, 7 birds showed evidence of significant iron storage at 
the time of death: 5 showed hemosiderosis, and 2 showed hemo- 
chromatosis. Of these 7 birds, iron storage was thought to be related 
to the cause of death in 3 birds, whereas the other 4 had died of 
other causes. ” In a similar review at a different institution, myco- 
bacteriosis, aspergillosis, and air sac nematodiasis were occasionally 
seen in barbets. ” 

Incidental renal trematodiasis caused by Tanaisia zarudnyi was 
found in two captive barbets. The life cycle of this parasite involves 
snails, which may have been present in the enclosure.”” Lesions 
similar to proventricular dilatation disease were seen in a bearded 
barbet (Lybius dubius). The bird was found dead with no antemortem 
signs. Intestinal dilatation was present, and lymphoplasmacytic infil- 
trates were seen in the ganglia of the gastrointestinal (GI) tract and 
skeletal muscle fibers.” 


Woodpeckers 


A review of 147 necropsy records of woodpeckers from 1939 to 2012 
from the authors institution identified a cause of mortality in 51% 
(75 of 147), though in many cases, the cause remained undeter- 
mined because of postmortem autolysis or other reasons (72 of 147). 
Captive individuals made up 67% of cases (99 of 147) and free- 
ranging North American species 8% (12 of 147). Captivity status 
could not be determined for 24% (36 of 147), and these cases were 
not included in further analysis. Some etiologies, including arterio- 
sclerosis (1 of 99), foreign body impaction or obstruction (3 of 99), 
and metabolic causes (9 of 99) such as hepatic lipidosis, were seen 
only in captive animals. Infection or inflammation caused 30% of 
deaths in captive animals (30of 99), primarily of the GI tract (12 of 
30) or respiratory tract (13 of 30), including one case of mycobac- 
teriosis. Trauma as a cause of death was seen in 12% of captive 
animals (12 of 99). In free-ranging birds found on zoo grounds or 
presented for rehabilitation to the authors facility, trauma was the 
most common cause of death (7 of 12), followed by infection and 
inflammation (2 of 12), including one case of West Nile virus.” 

In the literature, trematodiasis caused by Tanaisia spp.’ and a 
lethal ventricular Procyrnea infection” have been reported. Protozoal 


TABLE 30-1 


Toco-Toucan' Red-Breasted Toucan’ 
Toucans” Toucans” (Ramphastos toco) (Ramphastos dicolorus) 
Parameter Mean Range n Range Mean Range n Mean Range n 
Erythrocytes (x10°/mm‘) 2.5-4.5 2.49 2.24—2.74 7 2.04 1.53-2.55 6 
PCV (96) 49.8 42-60 86 45-60 46 44-47 7 43.50 33-53 6 
Hemoglobin (g/dL) 16.40 1461-18.19 7 15.46 13.12-17.80 6 
MCV (fL) 195.60 176-214 7 193.43 160-226 6 
MCH (pg) 65.10 53-76 7 75.82 68-80 6 
MCHC (g/dL) 35.30 31-39 7 35.99 30-41 6 
Leukocytes (/mL) 13,500 8,000-18,000 86 4,000-10,000 5,500 2,100-8,800 3 8,000 3,500-12,400 5 
Heterophils (%) 51.9 41-62 86 35-65 56 36-76 3 61 35-85 5 
Heterophils/uL 3,730 536-6,923 3 4,680 1,162-8,197 5 
Lymphocytes (%) 50.5 35-70 86 25-50 32 11-52 3 36 10-61 5 
Lymphocytes/uL 2,060 992-3,127 3 3,240 423-6,056 5 
Eosinophils (%) 0.67 0-3 86 0-1 0 0-1 3 i 0-2 5 
Eosinophils/uL 0 0-63 3 50 0-95 5 
Monocytes (%) 0 0-2 86 0-4 0 0-1 3 0 0-1 5 
Monocytes/uL 0 0-20 3 0 0-60 5 
Basophils (%) 0 0-1 86 0-5 0 0-1 3 0 0-1 5 
Basophils/uL 0 0-20 3 0 0-11 5 
Plasma protein (g/dL) 4.4 3.4-5.3 5 


fL, Femtoliter; g/dL, gram per deciliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; mL, milliliter; wl, microliter; PCV, packed cell volume; pg, picogram. 

'Reprinted from Cubas ZS: Piciformes (woodpeckers, barbets, puffbirds, jacamars, toucans). In Fowler ME, Miller RE (eds): Zoo and wild animal medicine, 
5th ed. Philadelphia, PA, 2003, Saunders, pp. 261-266. 

?Fudge AM: Laboratory medicine: Avian and exotic pets. Philadelphia, PA, 1999, Saunders. 

3Cornelissen H, Ritchie BW: Ramphastidae. In Ritchie BW, Harrison GJ, Harrison LR (eds): Avian medicine: Principles and application. Lake Worth, FL, 
1994, Wingers Publishing. 

“Correia LS: Laboratorio ambiental, Cascavel, PR, Brazil, 1999, Editora Universitaria Edunioeste. 


TABLE 30-2 
Toucans” Toucans® Toco-Toucan" 
Parameter Mean Range n Range Mean Range n 
Total protein (g/dL) 3.5 2.8-4.4 86 3-5 
Albumin (g/dL) 2.1 1.4-2.4 86 
Globulin (g/dL) 1.79 1.4-2.2 86 
A:G ratio 1.42 0.92-2.67 86 
Calcium (mg/dL) 10.2 8.8-11.8 86 10-15 
Cholesterol (mg/dL) 175.1 104-254 86 
Glucose (mg/dL) 297.9 222-363 86 220-350 
LDH (IU/L) 257.6 180-319 86 200-400 
AST (IU/L) 243.3 141-340 86 130-330 
ALP (IU/L) 43.3 14-88 86 
Bile acid (mol/L) 54.4 16-86 86 
Uric acid (IU/L) 7.93 2.4-14 86 4-14 
Plasma iron (ug/dL) <350 104 88-119 11 
TIBC (ug/dL) <550 389 348-430 11 
PST (%) 27 20-33 12 


m—.x.—.——— nr r r r rss nrrrsc r c SS eee 
A:G ratio, Albumin: globulin ratio; ALP, alkaline phosphatase; AST, aspartate aminotransferase; g/dL, gram per deciliter; IU/L, international unit per liter; 
LDH, lactate dehydrogenase; g/dL, microgram per deciliter; umol/L, micromole per liter; mg/dL, milligram per deciliter; PST, percentage of saturation of 
transferring; T/BC, total iron binding capacity. 

'Reprinted from Cubas ZS: Piciformes (woodpeckers, barbets, puffbirds, jacamars, toucans). In Fowler ME, Miller RE (eds): Zoo and wild animal medicine, 
5th ed. Philadelphia, PA, 2003, Saunders, pp. 261-266. 

?Fudge AM: Laboratory medicine: Avian and exotic pets. Philadelphia, PA, 1999, Saunders. 

SCornelissen H, Ritchie BW: Ramphastidae. In Ritchie BW, Harrison GJ, Harrison LR (eds): Avian medicine: Principles and application. Lake Worth, FL, 
1994, Wingers Publishing. 

“Erom Carlos Eduardo Silveira Goulart, TECSA Laboratories; Belo Horizonte, MG, Brazil. 
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meningitis caused by toxoplasmosis has been seen, and lead intoxi- 
cation has been found in two species of free-ranging woodpeckers. ” 


Ramphastids 


Significant infectious diseases reported in ramphastids include gram- 
negative sepsis, mycobacteriosis, clostridiosis, herpesviral hepatitis, 
candidiasis, aspergillosis, and penicilliosis. 

Bacterial sepsis caused by Escherichia coli, Salmonella spp., Provi- 
dencia spp., and Klebsiella pneumoniae has been seen,”””” although 
many of these bacteria are part of normal cloacal flora.’ Toucans are 
reported to be sensitive to sepsis caused by Yersinia pseudotuberculo- 
sis. This disease is thought to be spread by rodents in the enclosure, 
so proper hygiene and rodent control are important when housing 
these species. 17777) Sepsis and disseminated bacterial disease caused 
by Coxiella-like bacteria, ' Bacteroides spp.,'° and mycobacterial 
species”” have also been reported. 

Ulcerative enteritis caused by Clostridium colinum has been 
reported in a group of toucans. Six individuals died over a 4-month 
period. The birds vvere found dead vvith no premonitory clinical 
signs. Necrotizing hepatitis and enteritis vvere identified on postmor- 
tem examination. These birds had elevated iron levels in their tissues, 
which was postulated to have contributed to the death of the birds.” 

Candidiasis is not uncommon in chicks and young animals.”'® 
Pneumonia and airsacculitis caused by Aspergillus spp. and Penicil- 
lium spp. have been reported.'” Typical antifungal treatments such 
as nystatin, ketoconazole, and itraconazole, as used in other birds, 
may be used to treat these infections in Piciformes. 

A case of herpesviral hepatitis was reported in a toucan (species 

unknown). This bird was in contact with five macaws that had died 
of a herpesviral hepatitis at the same time, but the virus appeared to 
be distinct from Pacheco’ herpesvirus.’ 
Capillariosis is a major cause of mortality in captive toucans. The 
parasites cause lethargy, diarrhea, dehydration, hypoproteinemia, 
anemia, and emaciation. They may be treated with fenbendazole at 
50 to 100 milligrams per kilogram (mg/kg), once daily (SID), for 5 
days. A filarial worm, Pelecitus sp., has caused tenosynovitis in the 
egs of a channel-billed toucan (Ramphastos vitellinus) with microfi- 
ariae seen in the lungs and legs. ” Toxoplasma organisms have been 
recovered from the muscle tissue of a keel-billed toucan (R. sulfura- 
tus), but the infection was likely not causing disease in this bird.” 

Ramphastids are particularly prone to hemochromatosis. Unlike 
hemosiderosis, in which accumulation of iron in tissues does not 
result in inflammation or pathology, hemochromatosis results in cel- 
ular and functional derangements. It is unclear what factors cause 
some species to be more severely affected by this disease compared 
with others. It is postulated that species from environments low in 
iron or that consume diets typically low in iron have evolved to 
absorb and retain iron more efficiently. Alternatively, the lack of 
annins in captive diets, which may be present in free-ranging diets, 
may contribute to the development of the condition, and stress may 
play a role as well.'* Clinical signs in affected birds may include 
ethargy, dyspnea, anorexia, poor feathering, and neurologic signs 
(i.e., hepatic encephalopathy)."’’ Birds may be found dead with no 
premonitory signs. Ascites or hepatomegaly may be identified on 
physical examination or via radiology or other imaging modalities. 
Liver function tests or enzymes may be altered on a standard bio- 
chemical panel. Tests that measure or estimate the iron content of 
he blood (e.g., total iron binding capacity or transferrin levels) are 
not often helpful in the diagnosis of this disease in birds. Definitive 
antemortem diagnosis may be made via histologic examination of a 
iver biopsy. Necropsy findings include hepatic congestion, enlarge- 
ment, and discoloration, as well as fibrosis, cirrhosis, and ascites. 
Treatment may include regular phlebotomy or administration of 
iron-chelators such as deferoxamine (100 mg/kg, SID, subcutane- 
ously [SQ])°or deferiprone (50 mg/kg, orally [PO], twice daily [BID] 
or 30 days). ° Preliminary use of the drug deferasirox in a group of 
oropendolas in the authors practice resulted in white discoloration 
of the feathers.*' Serial liver biopsies are generally recommended to 
monitor the efficacy of treatment. The iron content may be measured 


by using chemical tests or may be estimated by special staining and 
image analysis. The author has used magnetic resonance imaging 
(MRI) to measure the iron content of the liver of a uakaris (Cacajao 
calvus), as has been reported in humans and gerbils,”” and this 
modality may hold promise as a diagnostic tool in avian medicine. 
Because of the significance of the disease and difficulty in treatment, 
prevention is critical in these birds. Dietary iron should be strictly 
limited (20-60 ppm) except when raising chicks which need animal- 
source protein for growth.” For more in-depth discussion of this 
disease, the reader is referred to Chapter 69 of this text. 
Nutritional secondary hyperparathyroidism (metabolic bone 
disease) has been reported in young toucans. The bill may become 
particularly soft and easily damaged with this condition. A calcium 
supplement may be added to the diet when raising chicks to help 
prevent this problem.” Diabetes mellitus has been reported in tocos 
(R. toco) and keel-billed toucans. This condition may be treated with 
insulin, ” although one case of successful treatment with somatosta- 
tin has been reported. ” Keel-billed toucans may be particularly 
sensitive to propylene glycol. Significant morbidity and mortality 
occurred when diets using propylene glycol as a preservative were 
fed to these birds.” 


REPRODUCTION 


General reproductive parameters are provided in Table 30-3. As 
discussed above, all Piciformes species are cavity nesters. They tend 
to have short incubation periods, which results in altricial young that 
take some time to mature. Barbets and woodpeckers generally exca- 
vate their own nests, whereas toucans generally use existing cavities 
that they occasionally enlarge.’* Woodpeckers will use nest boxes, if 
provided, and creating pilot holes into which barbets may excavate 
may be helpful. Toucan cavities may be made by carving out the 
center of a log and creating an entry hole on one side. Ends of the 
log may then be capped with plywood. Some species may want to 
do some of their own excavation. In these cases, premade cavities 
may be filled with mud, shavings, and moss creating a relatively soft 
substrate for the birds to dig into. Recommended sizes for toucan 
cavities are 70 to 100 cm long and 20 to 30 cm in diameter, with 
an 8- to 10-cm wide entrance hole; and for toucanets and aracaris, 
the measurements are 70 to 100 cm length 12 to 15 cm diameter 
for the cavity and 6 to 7 cm width for the entrance hole.’ For suc- 
cessful reproduction in toucans, mate compatibility, appropriate 
housing, appropriate diet, and good general health are important. 
Finding or creating compatible pairs may be challenging. Incompat- 
ible pairs are not generally aggressive but are indifferent to each 
other. This may improve over time, or other pairings may be tried. 
Signs of good compatibility include the birds sitting close together, 
touching bills, and offering food items to each other. ” Enclosures 
should be large and visually screened from other toucans. Adults 
may often be stimulated to take care of the young when live insects 
are offered. 

Artificial incubation parameters for woodpeckers are 37.5°C and 
55% humidity to start with. Humidity should be adjusted to achieve 
a 12% to 15% weight loss from laying to hatching.” Nestling wood- 
peckers may be presented for hand rearing to wildlife rehabilitation 
centers. These birds should be warmed and rehydrated prior to start- 
ing the feeding. They may be fed high animal-protein diets initially, 
as for passerines. As they age, they should be presented with a variety 
of food items such as insects, nuts, berries, and sap, using different 
methods, to encourage foraging behavior. Hatchlings need to be fed 
every 20 to 30 minutes for 12 to 14 hours per day, and fledglings 
may be fed every 45 minutes for the same period. Woodpeckers do 
not tend to gape and are stimulated to open the mouth when the 
beak is touched. Birds should reach adult weight by age 2 to 3 
weeks.'° 

Artificial incubation parameters for toucans are 36.9” C to 37.2°C, 
with humidity maintained at 65%. Humidity should be adjusted as 
for woodpeckers (see above).”” When hatchlings are moved to a 
brooder, temperature may be decreased slightly to 36.1°C and 
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TABLE 30-3 
Number of Incubation Time to Fledging 

Family Eggs/ Clutch Period (days) (days) Diet for Nestling Parent Incubating/ Care 

INDICATORIDAE 

Honeyguides 1 12-18 38-40 Insects, fruits, beeswax, Brood parasites of 
and larvae hole-nesting species 

Nestlings fed by the 
hosts 
PICIDAE 
Woodpeckers, piculets, 2-9 11-17 18-25 Insect larvae, flying insects, Both sexes incubate the 
flickers, sapsuckers fruits, nuts, sap eggs and feed the young 

Wrynecks 5-10 12-13 25-26 Ants, other insects, spiders Both parents feed and 
and fruits brood the young 

MEGALAIMIDAE 

Asian barbets 2-5 12-15 31 Fruits and insects Large Both sexes care for the 
species may take young young 
birds, lizards and mice 

LYBIIDAE 

African barbets 3-41 18-19T 33T Fruits (figs), insects, and Both sexes care for the 
snails young 

CAPITONIDAE 

New World barbets 1-5 13-17 31 Fruits, insects, spiders, and Both sexes care for the 
small vertebrates young 

RHAMPHASTIDAE 

Toucan and toucanets 2-4 15-16 43-50 Fruits, seeds, and berries Both parents incubate the 


but also insects, spiders, 


eggs and feed the young 


lizards, and eggs and 
nestlings of other birds 


“One (rarely two) in each of several host”s nest. 
tData for black-collared barbet (Lybius torquatus). 


Reprinted from Cubas ZS: Piciformes (woodpeckers, barbets, puffbirds, jacamars, toucans). In Fowler ME, Miller RE (eds): Zoo and wild animal medicine, 


5th ed. Philadelphia, PA, 2003, Saunders, pp. 261-266. 


humidity increased to 93% to 95%. Because of the lack of a crop, 
ramphastids must be fed small amounts at a time, so it takes longer 
to feed these birds than with a psittacine of comparable size (i.e., 
food must pass to the proventriculus before more may be given, so 
a large bolus cannot be given, as may be done in birds with crops).”” 
Many institutions treat hatchlings with oral nystatin to help prevent 
GI candidiasis, which is common in these birds.”””” Hand-fed com- 
mercial formulas are developed for parrots, with the addition of 
animal protein such as pinkie mice as well as fruit.””" Hatchlings 
should be fed a liquid diet every 60 to 90 minutes for 14 hours of 
the day for the first week. After that time, they may eat small pieces 
of solid food six to seven times per day. In the wild, toucans do not 
generally offer their chicks fruit until they are 4 to 7 days old.” For 
parent rearing, crickets, mealworms, boiled eggs, and pinkie mice 
may be provided as high-protein sources.’ Chicks fledge in 6 to 7 
weeks and may feed independently by 10 to 12 weeks. 
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CHAPTER 3 1 


Passeriformes (Songbirds, 
Perching Birds) 


Joseph A. Smith 


GENERAL BIOLOGY a worldwide distribution and inhabit all but the circumpolar habi- 

tats. Passerines are often the most abundant bird taxa in any given 
The species in the order Passeriformes are often referred to as “pas- habitat. Passerines are relatively small birds, the largest species being 
serines” or “perching birds.” This is the most diverse order of birds, the common raven, which weighs greater than 1.5 kilograms (kg), 


comprising more than half the known bird species, more than half and the smallest being the short-tailed pygmy-tyrant with an average 
the bird genera, and more than half the bird families. Passerines have weight of 4.2 grams (g). 
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The order Passeriformes is often subdivided into suboscines and 
oscines, the latter often being referred to as “songbirds.” Suboscines 
include the suborders Eurylaimi (broadbills, asities, pittas), Furnarii 
(ovenbirds, woodcreepers, antbirds), and Tyranni (cotingas, mana- 
kins, tyrant-flycatchers). Suborders Acanthisittae (New Zealand 
wrens) and Menurae (scrub-birds, lyrebirds) are often considered 
intermediate groups. All other passerines are in the subdivision of 
oscines. 


UNIQUE ANATOMY 


Passeriformes species are thought to be monophyletic, with the fol- 
lowing anatomic features consistent across all species: (1) an 
aegithognathous palate, (2) unique syringeal anatomy, (3) an incum- 
bent hallux (digit 1 is at the same level as the other digits of the foot) 
creating an anisodactyl foot, (4) unique arrangements of plantar 
tendons, (5) the tensor propatagialis brevis, which attaches to the 
forearm as well as the humerus, (6) bundled spermatozoa with a 
coiled head and large acrosome, and (7) distinctive foot anatomy, 
which allows independent action of the hallux. 7” 

Passerines have a crop, but the cecum is vestigial or absent in 
most species. The right and left nasal sinuses do not communicate 
as they do in psittacines. The cranial thoracic air sacs and the 
clavicular air sacs are fused in passerines, resulting in seven total 
air sacs rather than the usual nine seen in other birds. Most pas- 
serines have 10 primary remiges, although in some oscines the tenth 
primary is reduced or vestigial.'° Oscines have complex muscle 
morphology of the syrinx that allows for complex vocalizations, 
which are often learned. These traits make some passerines excellent 
mimics (e.g., mockingbird, mynah, etc.). The syrinx of suboscines 
is more basic and therefore produces less complex vocalizations. 
Several species of pitohui are known to have batrachotoxins in 
their skin and feathers, which serve as a toxic chemical defense.” 
Much as in dart frogs, this toxin is believed to originate from insects 
in the diet. 


SPECIAL HOUSING REQUIREMENTS 


are also higher than for other birds and may be as high as 250 to 
300 milliliters per kilogram (mL/kg) daily. 

The feeding strategies of passerines are as diverse as the species. 
The order includes species that exhibit carnivory, frugivory, nec- 
tivory, granivory, insectivory, and various combinations of omnivory. 
Diets for captive birds should replicate the natural history of the 
species and should be as varied as possible to reduce nutritional 
deficiencies. Some of the passerine species within the superfamilies 
Corvoidea, Muscicapoidea, Sylvioidea, and Passeroidea lack the 
L-gulonolactone oxidase enzyme necessary to synthesize vitamin C 
and therefore require ascorbic acid in their diet.” Some species with 
red-colored plumage (e.g., some Carduelis spp. and some Euplectes 
spp. ) require carotenoids in the diet to maintain the normal intensity 
of the red pigment in the feathers. 

Some species of passerines (e.g., tanagers, birds of paradise, star- 
lings, mynahs, and manakins) are sensitive to excess iron in the diet, 
which leads to iron accumulation (hemosiderosis) and damage 
(hemochromatosis) in the liver (see Noninfectious Diseases below). 
Diets containing between 25 and 50 mg/kg iron on a dry-matter 
basis have been shown to prevent hemochromatosis in iron-sensitive 
species.'* However, higher dietary iron content may be needed for 
breeding birds and growing chicks.”” Reducing substances that may 
enhance iron absorption (e.g., citric acid, ascorbic acid), adding 
substances that may bind to iron in the diet to prevent absorption 
(e.g., tannins, phytates), or both are additional methods employed 
to prevent hemochromatosis in iron-sensitive species.”” 

Feeding stations for flocks of passerines should be designed to 
allow sufficient space for all birds to feed. Multiple feeding stations 
are recommended to reduce starvation caused by conspecific and 
interspecific aggression. Perches should be positioned such that feces 
do not drop below to contaminate the feeding areas. In wild house 
finches (Carpodacus mexicanus), increased risk of mycoplasmal con- 
junctivitis caused by Mycoplasma gallisepticum has been associated 
with tube-style feeders, and the risk was lowered with platform-style 
feeding stations. ” 


RESTRAINT AND HANDLING 


Although small in size, passerines require ample amounts of enclo- 
sure space. In addition to enclosure size, elevated perching oppor- 
tunities (above any perceived threats) and ample visual barriers 
(which may be achieved with live or artificial plants) may help to 
reduce stress in these birds. Chronic stress caused by inadequate 
enclosures or inappropriate husbandry is a mafor problem in pas- 
serines. Many of the common diseases in passerines (e.g., candidia- 
sis, aspergillosis, mycobacteriosis, atoxoplasmosis) are considered to 
be caused by opportunistic pathogens that are often associated vvith 
immunosuppression resulting from chronic stress. Species-specific 
emperature requirements, social dynamics, lighting or photoperiod, 
and diets should also be carefully researched to reduce stress, Nest- 
building materials given to passerines should be carefully chosen, as 
some materials (especially fine synthetic fibers) are known to cause 
eg entanglement and constriction.”” Small enclosures with wire 
mesh are known to cause feather damage (particularly rectrices and 
remiges) when the birds hang on the wire, possibly hindering flight. 
If a small enclosure is needed for transport or hospitalization, those 
with smooth, solid walls are preferred over those with wire mesh 
sides. 


FEEDING 


Passerines have a metabolic rate that is approximately 60% higher 
than in other bird taxa. When calculating the basal metabolic rate 
(BMR) in kilocalories, the formula for passerines is BMR = 129 
(W°), where W is the weight in kilograms. This difference in 
metabolism may have an effect on drug pharmacokinetics, requiring 
higher dosages, more frequent dosing intervals, or both in passerines 
compared with other birds. Daily water requirements for passerines 


All passerines may be manually restrained safely for short, nonpain- 
ful procedures. Longer or painful procedures should be performed 
with the birds under anesthesia. Initial capture may be difficult and 
stressful. In large aviaries, smaller capture cages containing feeding 
stations to attract the birds as well as doors that may be closed 
remotely are helpful. Birds may either be lured into these capture 
cages with food, or they may be trained by using operant condition- 
ing to regularly use the cages. Once in a smaller enclosure, hand nets 
are most often used for capture of passerines. Dimming the room 
ights may facilitate a quicker capture. 

Passerines may be manually restrained by using one of two 
primary methods, depending on the species and size. The first tech- 
nique may be used on most species (Figure 31-1). The bird’s neck 
is extended by using the thumb and the forefinger or by using the 
index and middle fingers, taking care not to apply excessive pressure 
o the structures within the neck. The body is then supported using 
he same hand. Pressure should not be exerted on the body cavity, 
as it may impede movement of the keel and result in hypoventilation, 
oss of consciousness, and rapid death. For larger passerines, the 
other hand may need to be used to restrain and extend the feet and 
egs. The second method of manual restraint is often employed by 
bird banders and should only be used on the smaller passerine 
species (Figure 31-2). The tibiotarsi of both limbs are held between 
he index and middle fingers. The hocks of both limbs are allowed 
o partially flex, and the tarsometatarsi of both limbs are then held 
between the index finger and the thumb. The body and the neck are 
eft unrestrained. To avoid excessive strain on the limbs and to aid 
in normal respirations, the bird should be held in a normal sitting 
posture, with the majority of the weight resting on the top of the 
handler’s fingers. 
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FIGURE 31-1 Restraint of most passerines such as the Java sparrow 
(Padda oryzivora) may be achieved by extending the neck with two 
fingers and extending the legs with the opposite hand, taking care 
not to impede normal keel movements and respirations. (Courtesy of 
the Fort Wayne Children’s Zoo.) 


FIGURE 31-2 In an alternative method of restraint for smaller pas- 
serines such as the oriental white-eye (Zosterops palpebrosus), the 
tibiotarsi of both limbs are positioned between the index and middle 
finger, and the tarsometatarsi are held between the index finger and 
thumb. (Courtesy of the Fort Wayne Children’s Zoo.) 


ANESTHESIA AND SURGERY 


Anesthesia in passerines may be used for proper radiographic posi- 
ioning, stress reduction during procedures of long duration, and for 
painful or invasive surgeries or procedures. Gas inhalants, particu- 
arly isoflurane, are the most common anesthetic agents used in 
passerines. The high metabolism and highly efficient air sac system 
allow for very rapid inductions and recoveries. For the same reasons, 
passerines may also reach an excessively deep, life-threatening level 
of anesthesia very rapidly. Therefore, anesthetic monitoring, particu- 
arly of heart rate, respiratory rate, and respiratory depth, are critical 
and should be performed frequently with passerines. 


The small size of many passerines poses many challenges during 
intubation and anesthetic monitoring. Endotracheal intubation with 
an uncuffed tube should be performed for all but the shortest of 
anesthetic procedures. Intravenous catheters with the stylet removed 
may be adapted to serve as an endotracheal tube for smaller species. 
Heart rate may be monitored with electrocardiography (ECG). 
Clamping the ECG leads to a small-gauge hypodermic needle that 
has been placed through the skin may improve the electrical signal 
and cause less trauma compared with clamping the leads directly to 
he bird. Heart rate may also be monitored with Doppler heart rate 
monitor, using a small amount of conductive gel and placing the 
probe over the mid-antebrachium. Respirations and end-tidal carbon 
dioxide may be monitored using capnography. Some capnography 
equipment may not be sensitive enough for the small-sized passer- 
ines. Clear surgical drapes allow for visualization of respirations and 
respiratory depth. Intravenous catheterization, through the jugular, 
ulnar, or metatarsal veins, may be possible only in the largest of 
passerines. For smaller species, intraosseous catheterization, with 
hypodermic needles placed in the distal ulna or proximal tibiotarsus, 
may be used to provide fluid support or critical care. Size and limita- 
ions of current technology make it difficult to obtain blood pres- 
sures in passerines. With larger passerines, an indirect systolic blood 
pressure reading may be obtained by placing a Doppler probe on the 
mid-antebrachium and placing an appropriately sized cuff around 
he humerus. Although not validated in passerines, this method may 
be helpful in monitoring trends and response to fluid therapy in 
cases of shock. 

For surgical procedures, microsurgical instruments, adequate 
ighting, and magnification using surgical loupes are advantageous. 
Because of the small size of passerines, orthopedic procedures are 
often limited to external coaptation and splints. Common surgical 
indications include trauma, fractures, mass removal, and reproduc- 
ive abnormalities such as egg binding and yolk coelomitis. 


OTHER PHARMACEUTICALS 


Most therapeutic drugs used in passerines are the same as those used 
in other avian species. The higher BMR of passerines should be 
considered during selection of therapeutic dosages and dosing fre- 
quencies, as absorption, time to maximum concentration, and half- 
life may be altered significantly. Metabolic scaling may be of assistance 
when estimating dosages or dosing frequencies for some drugs used 
for the first time in passerines. Commonly used antimicrobial and 
antiparasitic drugs are presented in Tables 31-1 and 31-2.'’ Because 
of the wide variations in species and the lack of pharmacokinetic 
data for most passerines, the use of any therapeutic drug warrants 
caution and careful monitoring of signs of overdose or lack of 
efficacy. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


The physical examination should be performed in a systematic 
manner as in other bird species. Some passerine nestlings such as 
estrildid finches may have very bold and intricate patterns, including 
tubercles and papillae, within the oral cavity or at the commissures 
of the beak. These normal, symmetrical patterns, which aid with 
recognition and feeding of chicks in the nest, should not be confused 
with lesions. These patterns and structures often disappear as the 
bird grows older. Other species may have bright red or yellow oral 
cavity colorations that should not be confused with erythema or 
jaundice. Auscultation of the heart is easily performed, but identifi- 
cation of murmurs or arrhythmias may be difficult because of the 
normally rapid heart rate of many passerines. Rates greater than 300 
beats per minute (beats/min) are normal in passerines and generally 
cannot be counted accurately with only a stethoscope. Electronic 
methods (e.g., pulse oximetry or ECG) may be required to obtain 
an accurate heart rate. 

Venipuncture may be performed with the same technique used 
in most other avian species. For passerines, the right jugular vein is 


TABLE 31-1 
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TABLE 31-2 


Drug Dosage Comments Drug Dosage Comments 
ANTIBIOTICS Amprolium 50-100 mg/L drinking Coccidiastat 
Amikacin 15-20 mg/kg SO, 5 days maximum water x5-7days 


IM, q8-12h 


Amoxicillin trinydrate 


150-175 mg/kg, 
PO, q12h 


20-30 mg/kg, PO, 
q24h x5 days 


50 mg/kg, PO, q24h 


Carnidazole Trichomonas 


Fenbendazole 


Amoxicillin/clavulanate 125 mg/kg, PO, Dosage based on x3-5 days 
q12h combined drugs Fipronil 7.5 mg/kg, topically Ectoparasites 
Azithromycin 43-45 mg/kg, PO, Intracellular once 
q24h infections Ivermectin 0.2-0.4 mg/kg, SO or 
Ceftazidime 50-100 mg/kg, IM Penetrates the IM once 
or İV, q4-8h cerebrospinal fluid Metronidazole 30 mg/kg PO once Cochlosoma 
Ceftiofur 50-100 mg/kg, Praziquantel 25 mg/kg PO or IM; Cestodes 
q4-8h repeat in 10-14 
Cephalexin 40-100 mg/kg, PO days 
or İM, q6-8h Sulfachlorpyridazine 300 mg/L drinking Atoxoplasma; repeat 
Ciprofloxacin 15-20 mg/kg, PO vvater x5 days, off cycle 4 times 
or İM, q12h 3 days 
Doxyeycline 7.5-8 mg/kg, PO, Drug of choice for Toltrazuril 12.5 mg/kg, PO, q24h Atoxoplasma 
q12-24h, Chlamydophila x14 days 


250 mg/L drinking 
water 


and Mycoplasma 


Enrofloxacin 


10-20 mg/kg, PO, 
q24h, 

200 mg/L drinking 
water 


Broad spectrum 


Metronidazole 


Trimethoprim/ 
sulfamethoxazole 


50 mg/kg, PO, 
q24h 

10-50 mg/kg, PO, 
q24h 


Anaerobes 


Broad spectrum 


ANTIFUNGALS 
Acetic acid (vinegar) 


16 mL/L drinking 
water 


Gastrointestinal 
yeast overgrowth 


Fluconazole 5-10 mg/kg, PO, Candidiasis 
q24h 
Itraconazole 5-10 mg/kg, PO, Aspergillosis 
q12h prophylaxis 
Nystatin 300,000 IU/kg, Candidiasis, not 
PO, q12h systemically 
absorbed 


20 mg/kg PO q24h Aspergillosis drug of 


choice 


Voriconazole 


IM, Intramuscularly; IU/kg, international unit per kilogram; /V, intrave- 
nously; mg/L, milligram per liter; mg/kg, milligram per kilogram; mL/L, 
milliliter per liter; PO, orally; q24h, once every 24 hours; SQ, 
subcutaneously. 


the preferred site. The ulnar or medial metatarsal veins may also 
be used but may be limiting because of the small size. Clinicians 
should be very careful about the volume of blood collected. For 
healthy, hydrated passerines, blood up to 1% of the birds body 
weight may be obtained (i.e., 1 mL for every 100 g of body weight). 
This volume should be reduced in debilitated birds or those with 
a history of blood loss. Lithium heparin may be used as an antico- 
agulant for passerines, although it may affect the complete blood 
cell count (CBC) through clumping of white blood cells (WBCs), 
artifactual changes during the staining process, or both. EDTA 


a _—__——_ =} 
IM, \Intramuscularly; /V, intravenously; PO, orally; q24h, once every 24 
hours; SQ, subcutaneously. 


(ethylenediaminetetraacetic acid) may be used in some species, but 
it is known to cause lysis of erythrocytes in some passerines (e.g., 
corvids). For passerines, the lymphocyte is the predominant WBC, 
and lymphocytosis may be the primary response to stress. The 
packed cell volume (PCV) of most passerines falls between 40% and 
55%, a PCV of less than 35% indicates anemia. Smears made from 
the buffy coat of a hematocrit tube increase the likelihood of identify- 
ing intracellular parasites such as Atoxoplasma spp. within mono- 
nuclear cells.” The reference intervals for the complete blood count 
and serum chemistry values for some of the passerines commonly 
kept in zoos is included in Table 31-3. 

Endoscopic sexing of birds has largely been replaced by deoxy- 
ribonucleic acid (DNA)-based gender determination. These tests may 
be performed by using uncontaminated feathers or whole blood. 
Bone marrow aspirates may be obtained from the proximal 
tibiotarsus. 


DISEASES 


General 


Because of the high metabolic rate and the bird’s inherent instinct to 
mask clinical signs, the clinical condition of an ill passerine has a 
high likelihood of deteriorating rapidly once discovered. In the case 
of anumber of diseases in passerines, acute death is the only observed 
clinical sign. Presentation of an ill passerine warrants rapid and effec- 
tive treatment of etiologic agents as well as aggressive supportive 
care. Passerines are particularly susceptible to immunosuppression 
caused by chronic stress or concurrent disease. Many of the most 
common diseases associated with captive passerines (e.g., mycobac- 
teriosis, aspergillosis, candidiasis, atoxoplasmosis) have a significant 
immunosuppressive component to their pathophysiology. During 
convalescence, quarantine, and transport and following relocation, 
efforts should be made to minimize stress. Prophylactic treatment 
with antifungals during periods of stress or during long-term anti- 
biotic use may also be warranted in some species to prevent aspergil- 
losis and candidiasis. 
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Infectious Disease 


Viral Diseases 

Avian pox is a significant disease of wild and captive passerines 
caused by a virus in the genus Avipoxvirus. Infections most 
commonly present as proliferative skin lesions, particularly around 
featherless regions. Less common presentations include a diphthe- 
ritic form, in which necrotic lesions form in the oral cavity and 
upper respiratory tract, as well as a very rare systemic form. The 
virus is spread via direct contact or through mechanical vectors 
such as flies or mosquitoes. Cytology or histopathology of the lesion 
often reveals characteristic Bollinger bodies (eosinophilic intracyto- 
plasmic inclusions). The cutaneous form may be self-limiting, 
although surgical removal of the proliferative masses may be neces- 
sary if eating, drinking, or respiration is impaired. Supportive care 
and antibiotics to control secondary infections may also be warranted 
in some cases. Diphtheritic and systemic infections are usually more 
severe. 
Passerines are known to be affected by and serve as subclinical 
reservoirs of a wide variety of arboviruses. In North America, pas- 
serines are commonly associated with flaviviruses such as West Nile 
virus (VVNV) and St. Louis encephalitis (SLE), as well as togaviruses 
such as eastern equine encephalitis (EEE), western equine encepha- 
litis (WEE), and Venezuelan equine encephalitis (VEE). A wide 
variety of other arboviruses in other regions of the world also affect 
passerines.”" The rates of morbidity and mortality from infections 
with arboviruses in passerines vary widely between species. North 
American corvids and loggerhead shrikes (Lanius ludovicianus 
migrans) have proven to be very susceptible to WNV presenting with 
severe neurologic signs and high rates of mortality.*’ Other passerines 
are known to harbor the virus but have minimal to no clinical signs.”* 
Treatment is strictly supportive. Prevention should focus on mos- 
quito control. Vaccination against WNV with DNA vaccines has been 
used to reduce mortality and morbidity in corvids.**!** 

Canary circovirus (CaCV) is associated with high rates of neonatal 
mortality in canaries (Serinus canaria). A common clinical feature is 
abdominal enlargement and congestion of the gallbladder, which 
may be seen through the translucent skin. This has resulted in the 
clinical syndrome being called “black spot disease” by aviculturists.”” 
Hepatic necrosis, splenic inclusions, and inclusions in the bursa of 
Fabricius consistent with circovirus infection have been reported in 
zebra finches (Poephila guttata) and Gouldian finches (Chloebia goul- 
diac).”” Circoviruses have also been demonstrated in other passerine 
species, although the significance remains unclear.” 

Papillomavirus infections have been reported in common chaf- 
finches (Fringilla coelebs), bramblings (Fringilla montifringilla), and 
Eurasian bullfinches (Pyrrhula pyrrhula) in Europe.” Clinical signs 
of infection include hyperplastic, locally extensive, papillomatous 
lesions on the skin of the toes and distal tarsometatarsus. Similar 
lesions have been observed in other passerine species, although a 
viral etiology has not always been established. 

A finch polyomavirus (FPyV) has been detected in association 
with disease outbreaks affecting several passerine species that pre- 
sented with increased fledgling mortality, feather disorders, and 
feather 1oss.”” FPyV and a crow polyomavirus (CPyV) have been 
identified during screening of wild passerines.'’ Antibodies to poly- 
omaviruses have been found in zebra finches exposed to polyoma- 
virus outbreaks in psittacines.’! The exact role of polyomaviruses in 
clinical disease of passerines warrants further investigation. 

Avian influenza, an RNA (ribonucleic acid) virus in the family 
Orthomyxoviridae, affects many bird species, and passerines are no 
exception.” Like with other bird taxa, low pathogenic avian influ- 
enza (LPAI) may circulate in a population subclinically or with mild 
clinical signs. High pathogenic avian influenza (HPAD), on the other 
hand, may result in severe clinical signs and high rates of mortality. 
Clinical signs are usually related to pathology within the respiratory 
tract, although others may be present. Pathogenicity, species suscep- 
tibility, and severity and types of clinical signs are all highly variable, 
depending on the strain. 


Avian paramyxovirus type 1 (APMV-1) is the cause of Newcastle's 
disease and the targeted pathogen of a federally required 30-day 
quarantine of all birds imported into the United States. Other avian 
paramyxoviruses such as APMV-2 and APMV-3 include passerines in 
their range of common hosts.*! APMV-1 primarily causes neurologic 
disease and bloody diarrhea in the host. Other types of avian para- 
myxoviruses have a variable pathogenicity. Some such as APMV-3 do 
not seem to cause disease in passerines. Others may cause respiratory 
disease or reproductive abnormalities.*! 


Bacterial Diseases 

Avian mycobacteriosis is a common problem in passerines. It is 
most commonly caused by Mycobacterium avium, M. intracellulare, 
and M. genavense, although other opportunistic mycobacterial 
species may also cause disease.” The disease is characterized by 
granulomatous inflammation in any organ, but the gastrointestinal 
(GD tract, liver, spleen, bone marrow, and lung are common sites 
of infection. A vascular form of the disease characterized by 
aortitis and cardiopulmonary arteritis has been described and anec- 
dotally seems to be a relatively more common presentation in fairy 
bluebirds (Irena puella) as well as in other passerine species. ””” Birds 
affected by avian mycobacteriosis usually present with a marked 
eukocytosis and nonspecific signs of illness such as lethargy, weak- 
ness, anorexia, and chronic weight loss. Diagnosis is aided through 
identification of acid-fast positive rods in cytologic or histologic 
specimens, although culture is required for definitive diagnosis. 
Polymerase chain reaction (PCR) testing may also aid in identifica- 
ion and speciation of some mycobacterial organisms. The site of 
infection and intermittent shedding of bacteria may make antemor- 
em diagnosis challenging. Recent epidemiologic studies suggest that 
avian mycobacteriosis is more likely an opportunistic pathogen 
acquired from the environment, rather than a pathogen that is 
directly transmitted from bird to bird.””” As treatment is generally 
unrewarding and not recommended in zoologic settings because of 
the zoonotic potential, management of the disease is aimed at pre- 
vention and reducing stress and other causes of immunosuppression 
in passerines. 

Mycoplasma gallisepticum is the causative agent of mycoplasma 
conjunctivitis in passerines. The disease is primarily associated with 
wild house finches (Carpodacus mexicanus), although many other 
passerine species are reported to be affected.”” Some passerines such 
as American goldfinches (Spinus tristis) may be subclinically infected 
and may serve as potential reservoirs.” Clinical signs consist primar- 
ily of conjunctivitis that presents as periocular swelling and upper 
respiratory tract exudate that may form a dried crust on the head 
and face. Affected birds may lose vision and then starve because of 
inability to acquire food. Transmission occurs both vertically and 
horizontally, through direct contact, aerosolization, and fomites.** 
The presence and style of bird feeders have been shown to affect the 
transmission of the disease in wild bird populations.“ Mycoplasma 
sturni has been found in association with acute conjunctivitis with 
focal mucosal ulceration in several species of wild passerines.** 
However, the bacteria may also be found in individuals without 
clinical disease, so its role in the disease remains uncertain. 

Avian chlamydiosis is caused by Chlamydophila psittaci and affects 
a wide range of avian hosts, including passerines. The disease may 
cause acute mortality or nonspecific signs of illness such as fluffed 
feathers, lethargy, weakness, anorexia, and abnormal droppings. 
Signs of upper respiratory involvement such as oculonasal discharge 
and conjunctivitis may also be present. Marked leukocytosis, hepa- 
tomegaly, and splenomegaly are diagnostic features that may suggest 
chlamydiosis, although other etiologies should also be considered. 
Diagnosis is often achieved with antigen testing such as PCR or 
immunofluorescent antibody (IFA) testing on blood samples, 
conjunctival/choanal/cloacal swabs, or tissues. C. psittaci is a zoo- 
notic disease causing influenza-like clinical signs in humans. There- 
fore, routine Chlamydophila sp. screening and quarantine measures 
are warranted for most bird collections, particularly those that 
feature walk-through aviaries. 
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Salmonellosis is a significant disease of wild and captive passer- 
ines.” ” Many species and serotypes of Salmonella have been isolated 
from birds, with Salmonella typhimurium being most often associated 
with clinical disease. Clinical signs include diarrhea and nonspecific 
signs of disease. Disease severity may be variable and intermittent, 
including subclinical infections. Septicemia may occur with bacterial 
lesions occurring in multiple organ systems. Necropsy findings 
include weight loss, hepatomegaly, splenomegaly, and necrotic 
inflamed pale foci in the GI tract and other affected organs. Treat- 
ment may be difficult and may result in the creation of subclinical 
carriers. Outbreaks are frequently associated with bird feeding sta- 
tions, so efforts should be taken to minimize fecal—oral contamina- 
tion. Yersiniosis, caused by Yersinia pseudotuberculosis, causes similar 
clinical signs and gross lesions in passerines and may be differenti- 
ated through bacterial cultures. 

Other bacterial pathogens that are also associated with passerines 
include Campylobacter jejuni, which is reported to cause GI signs 
and nestling mortality in some passerines, including the Gouldian 
finch. Many species of passerines may be subclinical carriers, 
however, and serve as a source of infection for other species. Society 
finches (Lonchura domestica) with subclinical disease have been 
implicated as sources of infection when used to foster Gouldian 
finch nestlings.’ Avian cholera, caused by Pasteurella multocida, in 
passerines is most often associated with cat bites.*° Without rapid 
treatment, septicemia may result and be rapidly fatal. Erysipelas, 
caused by Erysipelothrix rhusiopathiae, has been associated with 
disease in wild passerines, including the endangered Hawaiian 
crow (Corvus hawaiiensis).** Few clinical signs and gross lesions are 
present because of the rapidly fatal septicemia that results from infec- 
tion.” Although they usually do not demonstrate clinical disease, 
passerines are known to play a significant role in the life cycle of 
many Borrelia spp.” 


Fungal Diseases 

Candidiasis is caused by the yeast Candida albicans and rarely by 
other Candida spp. The yeast may be found in subclinical individuals 
and is likely part of the normal GI flora, but opportunistic over- 
growth may cause significant disease, including oral or esophageal 
plaques, crop stasis, diarrhea, regurgitation, and death.” Candidiasis 
is a particular problem in nestlings, in which it may cause significant 
mortality. Overgrowth of Candida spp. occurs with a disruption of 
the normal GI flora (dysbiosis) possibly because of chronic stress, 
antibiotic use, and concurrent diseases. During times of stress, yeast 
levels may be monitored noninvasively by performing Gram staining 
of the feces. Should yeast levels become mildly elevated (such as 
might occur during the stress of quarantine), apple cider vinegar has 
been added in the drinking water of passerines to acidify the GI tract 
and inhibit yeast proliferation. If clinical signs are present or more 
significantly elevated yeast levels are detected in feces, antifungal 
treatment may be warranted. 

Aspergillosis may affect any bird species, including passerines. It 
is caused primarily by Aspergillus fumigatus, a saprophytic mold 
found commonly in the environment. Clinical disease is usually 
attributed to either abnormally high environmental exposures or 
immunosuppression of the host. Granulomatous lesions are usually 
found in the respiratory tract, and clinical signs include dyspnea, 
voice changes, lethargy, chronic weight loss, and weakness. A com- 
bination of terbinafine and voriconazole is the current treatment of 
choice for aspergillosis in all species. However, supportive care, treat- 
ment of secondary or concurrent disease, reduction of environmental 
exposure, and eliminating sources of chronic stress are also impor- 
tant tenets of the treatment regimen. 

Macrorhabdus ornithogaster, also known as avian gastric yeast (for- 
merly megabacteriosis), appears as large cigar-shaped organisms on 
fecal cytology, and has an affinity for the GI tract, particularly the 
gastric isthmus (connection between the proventriculus and ven- 
triculus). Clinical signs may include undigested seeds in the drop- 
pings, diarrhea, weight loss, and death. However, passerines may 
also be subclinical carriers of the yeast. Avian gastric yeast is reported 


FIGURE 31-3 A splenic impression smear stained with Diff-Quik 
from a bulbul demonstrates 2 micron intrahistiocytic Atoxoplasma 
organisms (arrowheads) characterized by a small colorless halo and 
occasional indentation of the nucleus. (Courtesy of University of Illi- 
nois Zoological Pathology Program.) 


to occur commonly in some finch species. Treatment with ampho- 
tericin B, nystatin, and fluconazole has been reported.” 


Parasitic Diseases 


Atoxoplasmosis is one of the most important pathogens of captive 
passerines. The taxonomy of the organism is still being debated, 
whether to place it in the genus Isospora or its own genus Atoxo- 
plasma. The organism may be found in virtually every naturalistic or 
outdoor passerine exhibit. Many passerines may harbor the organism 
and never exhibit clinical signs. However, for some species, clinical 
disease may occur and is characterized by significant chick mortality. 
Adults undergoing stress may also exhibit nonspecific clinical signs 
such as lethargy, diarrhea, and weight loss. Species known to be 
particularly susceptible include the Bali mynah (Leucopsar roth- 
schildi); Spreo spp. starlings; true finches (family Fringillidae), includ- 
ing the canary (Serinus canaria); and tanager species (family 
Thraupidae).''' Diagnosis may be difficult but may be aided by 
finding oocysts in the feces (which are difficult to differentiate from 
enteric Isospora spp.), finding organisms within mononuclear cells 
on a buffy coat smear, PCR assay of the liver or other tissues, and 
cytology or histopathology (Figure 31-3). Prophylactic treatment of 
susceptible species during breeding with sulfachlorpyridazine or 
toltrazuril may be successful in reducing chick mortality. A working 
group was formed to address this disease, and more specific informa- 
tion and recommendations have been made available on the Ameri- 
can Association of Zoo Veterinarians website (www.aazv.org). 

Cochlosoma spp. are flagellate parasites found in some passerines, 
particularly finches. Some passerine species such as the society finch 
may be subclinical carriers and serve as a source of the pathogen for 
more susceptible species. The disease is a cause of nestling mortality, 
particularly those foster-reared by society finches. 

Avian malaria is caused by a complex of more than 40 species in 
the genus Plasmodium.* Plasmodium relictum is one of the most wide- 
spread species and has played a significant role in the decline of 
many endangered Hawaiian bird species. In many hosts, infection 
may not result in any clinical signs. However, susceptible species or 
individuals may exhibit anemia, lethargy, dyspnea, and signs of gen- 
eralized illness. The protozoa is spread primarily by Culex sp. mos- 
quitoes and may be found as intraerythrocytic inclusions on blood 
smears (Figure 31-4). Treatment may include antimalarial drugs such 
as chloroquine or primaquine. Prevention is aimed at controlling the 
mosquito vector. 
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FIGURE 31-4 Avian malaria in a lung impression smear vvith Giemsa 
stain from a Havvailan amakihi (Hemignathus virens) demonstrating 
various life stages of intraerythrocytic Plasmodium spp. inclusions. 
Evidence of polychromasia reflective of a regenerative anemia is 
also present. (Courtesy of University of Illinois Zoological Pathology 
Program.) 


Other protozoa reported in passerines include Haemoproteus 
spp., Leucocytozoon spp., Isospora spp., Eimeria spp., Sarcocystis 
spp., Cryptosporidium spp., Toxoplasma gondii, and Trichomonas spp. 
Diseases caused by these organisms are similar to those in other 
avian taxa. 

Passerines may be infected with several significant arthropods. 
Pediculosis (infection with chewing lice of the order Phthiraptera) 
may result in pruritus, excessive preening, and poor feather quality. 
Severe infections may result in weight loss and ill thrift. Treatment 
with ivermectin or topical fipronil may be successful. The mite Ster- 
nostoma trachaecolum infects the respiratory tract of passerines and 
may be fatal. Infections may sometimes by diagnosed by visualizing 
the mite within the trachea using transcervical illumination. Knemi- 
dokoptes jamaicensis, a scaly leg mite associated with passerines, 
causes hyperkeratotic lesions on the legs. ” Most arthropod infections 
in passerines may be successfully treated with ivermectin. 

Passerines are known to be definitive hosts for avian schistosomes 
(trematodes of the family Schistosomatidae) and become infected 
when the intermediate host (snail) is ingested.” The infection affects 
the circulatory system and may result in vasculitis, hemorrhage, 
respiratory distress, excessive swallowing, and generalized signs of 
illness. Passerines may also be infected with a wide range of other 
trematodes, cestodes, and acanthocephalans. All require an interme- 
diate host to complete the life cycle. Cestodes and acanthocephalans 
usually infect the GI tract and may cause GI obstruction. Trematodes 
may infect a wide range of tissues. Praziquantel may be used for 
trematodes and cestodes, but no consistent treatment regimen is 
known for acanthocephalans. 

A wide range of nematodes are known to infect passerines. A few 
are of particular interest. Dispharynx nasuta is a proventricular nema- 
tode known to cause ulcerative proventriculitis, anorexia, and death. 
D. nasuta requires terrestrial isopods to complete its indirect life 
cycle, and preventive measures should aim at breaking that cycle. 
The gapeworm, Syngamus trachea, affects a wide range of avian hosts, 
including passerines. Paired worms are found in the trachea and 
syrinx and cause open-mouth breathing, dyspnea, and death. S. 
trachea uses a direct life cycle or may also employ paratenic hosts 
such as earthworms. Tetrameridosis is caused by nematodes of the 
family Tetrameridae. Species within the genera Teterameres, Microte- 
trameres, and Geopetitia are known to infect passerines and are 
usually found encysted in the wall of the GI tract.'® The roundworm 


Ascaridia galli has been reported in some European passerine species. 
Larvae of the raccoon roundworm (Baylisascaris procyonis) may infect 
passerines as aberrant hosts, causing neurologic or other clinical 
signs as the larvae migrate through the brain, spinal cord, and other 
tissues leaving a path of inflammation. Antemortem diagnosis of B. 
procyonis is nearly impossible. Numerous filarid nematodes have 
been reported in passerines. ”” Capillarid nematodes primarily infect 
the GI tract, and numerous species are found in a wide variety of 
passerines, particularly insectivorous and carnivorous taxa.” 


Noninfectious Disease 


Hemochromatosis, also called iron storage disease, causes damage of 
the liver or other organs because of excessive iron deposition within 
the tissues. Some species are more susceptible and require diet 
modifications to prevent the occurrence of disease (see Feeding 
section above). Affected birds often present with nonspecific signs, 
including lethargy, weight loss, and inactivity. Radiography may 
reveal hepatomegaly, but a definitive diagnosis may be made with a 
liver biopsy. Serum iron levels correlate poorly with tissue levels. A 
low-iron diet combined with either weekly phlebotomy (removing 
1% of the birds body weight in blood once a week) or oral chelation 
therapy (deferoxamine 100 mg/kg, subcutaneously [SQ], once every 
24 hours [q24h]) has been shown to reduce liver iron levels in a 
European starling model.” 

Trauma is a common cause of morbidity and mortality in both 
captive and wild passerines. Collisions with objects that may be dif- 
ficult to see (e.g., windows, reflective buildings, cellular phone 
owers, wind turbines, etc.) result in significant mortality each year, 
particularly with migratory species that may fly at night. Similarly, 
events that disturb flocks of birds at night (e.g., fireworks) may result 
in significant mortality as the birds become disoriented and collide 
with objects in the environment such as power lines. Open-topped 
posts such as those used for mine claim markers, have recently been 
identified as a fatal trap for some cavity-nesting species such as 
cactus wrens (Campylorhynchus brunneicapillus) and bluebird species 
(Sialia spp.), which explore the hollow center and cannot climb out. 
Free-ranging domestic cats, both feral and outdoor pets, have a 
devastating impact on wild passerines and other wildlife, with esti- 
mates of hundreds of millions to billions of wild birds killed annu- 
ally. If cat attacks are not immediately fatal, secondary infections such 
as those caused by Pasteurella multocida may eventually result in 
mortality. Entanglement in string, fine filamentous nesting material, 
or substrates may result in loss of circulation and necrosis of legs or 
digits. 

Chronic stress may result in several fat-related disorders. Obesity 
may result, as stress mobilizes nutrients that are then stored as fat, 
particularly in the intracoelomic areas. Stress also affects the way 
the liver metabolizes nutrients and may result in hepatic lipidosis 
and hepatic dysfunction. Amyloid deposition in the liver may occur 
with chronic antigenic stimulation. 

Other noninfectious diseases include neoplasia of any tissue, but 
the prevalence of neoplasia in passerines is relatively lower than in 
other taxa. Reproductive disorders such as egg binding, yolk coelo- 
mitis, hypocalcemia, and chronic egg laying occur commonly in 
some passerine species and may be treated as in other bird taxa. 
An emerging epizootic of beak deformities in black-capped chicka- 
dees (Poecile atricapillus) has recently been described. The syn- 
drome has been named avian keratin disorder, but the etiology 
remains unknown. 


Toxicities 

Large scale mortality events of wild passerines are occasionally 
caused by toxins. In most cases, these are intentional poisonings 
(whether legal or illegal) used to control bird species that are viewed 
as pests in agricultural areas. Products used for this purpose include 
strychnine, 4-aminopyridine (Avitrol, Avitrol Corporation, Tulsa, OK 
74145), and 3-chloro-p-toluidine (Starlicide, Earth City Resources, 
Bridgeton, MO 63044). Pesticides such as organophosphates also 
impact wild passerine populations. 
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REPRODUCTION 


The diverse species of Passeriformes employ almost every reproduc- 
tive strategy described in birds, including some extreme examples. 
Monogamy is the most common strategy, although polygyny, polygy- 
nandry, and promiscuity are also present in some species. A special 
type of promiscuity is the phenomenon of a lek, which serves 
as an arena where groups of males congregate to display themselves 
in an effort to attract a female. Lekking species of passerines (e.g., 
birds-of-paradise, manakins, cock-of-the-rocks) have evolved to 
have quite vibrant colors, patterns, modified feather structures, and 
specialized “dances” to aid in the attraction of a mate. The bower- 
birds (family Ptilonorhynchidae) use polygyny, and males use spe- 
cially designed display areas called bowers to attract females. 
Depending on the species (and individual preferences), the bowers 
are decorated with “prized” items from the environment. The satin 
bowerbird (Ptilonorhynchus violaceus) has a preference for blue items 
and will even use scraps of plastic, toys, and other trash in the envi- 
ronment, if the color matches the “decor” of its bower. Some species 
of passerines are parasitic brooders (e.g., cowbirds, whydahs) and 
lay their eggs in other bird species’ nests to get them to raise their 
young. 

The gonads of both male and female passerines may undergo 
seasonal enlargement and regression. Passerines may lay from 1 to 
12 eggs per clutch, depending on the species. Most eggs are pig- 
mented or patterned in some way. Generally, one egg is laid per day. 
Incubation varies by species. The pip-to-hatch interval is usually 24 
hours or less. Hatchlings are altricial and nidicolous but may grow 
quite rapidly. 


PREVENTIVE MEDICINE 


Preventive medicine in passerines should start with ensuring that 
adequate husbandry practices are in place. Research into the natural 
biology of the species in question is helpful to ensure that appropri- 
ate temperatures, humidity, plant cover, square footage, elevation, 
ighting, substrate, and diet are used. Proper husbandry will help 
reduce stress and work toward preventing diseases exacerbated by 
immunosuppression. Quarantine is an important component of a 
preventive health plan and usually lasts a minimum of 30 days. 
During this time, screening for parasites and infectious diseases 
such as atoxoplasmosis, mycobacteriosis, salmonellosis, and chla- 
mydiosis may be warranted. Regular weight checks and examina- 
ions are helpful in assessing the health of passerines on an ongoing 
basis. Modified scales may be fitted with a perch, and passerines 
may be conditioned to perch on the scale regularly so that weights 
are obtained in a minimally stressful manner. The clinician should 
prepare properly for the physical examination and perform it and 
any diagnostic procedure as efficiently as possible to minimize 
stress during handling. Lastly, necropsy and histopathology should 
be performed on all dead passerines to determine the cause of 
death and identify potential health risks to other individuals in the 
collection. 
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Monotremata (Echidna, Platypus) 


Peter Holz 


BIOLOGY 
Taxonomy 


The order Monotremata is unique among mammals, as its members 
ay shell-covered eggs but nurse their young. The two families in this 
order are Tachyglossidae, which includes the echidnas, and Ornitho- 
rhynchidae, which includes the single species of platypus (Ornitho- 
rhynchus anatinus). 

Echidnas are terrestrial mammals with a long, tubular snout, 
powerful claws, and spines that cover the tail and dorsal surface of 
he body. The spines are firmly attached to the skin and cannot be 
pulled out as in the case of porcupine spines. Fur is present between 
the spines and over the belly. Three species of echidna exist. The 
short-beaked echidna (Tachyglossus aculeatus) is divided into five 
subspecies: (1) T. a. acanthion from the Northern Territory, northern 
Queensland, inland Australia, and Western Australia, (2) T. a. acu- 
leatus from eastern New South Wales, Victoria, and southern 
Queensland, (3) T. a. lawesii from New Guinea, (4) T. a. multiaculea- 
tus from South Australia, and (5) T. a. setosus from Tasmania. The 
two species of long-beaked echidna are larger and have fewer, shorter 
spines and thicker fur compared with short-beaked echidnas. Zaglos- 
sus bartoni has five claws on the front foot, and Zaglossus bruijnii 
generally has only three. Both are found in New Guinea only.) 

The platypus is a streamlined, fur-covered aquatic mammal, with 
a distinctive bill, webbed feet, and a broad flat tail. It is found only 
in Tasmania and along the east coast of mainland Australia." 

The short-beaked echidna and platypus are both listed as 
common, whereas both species of long-beaked echidna are classified 
as endangered because of land clearance and hunting. 


UNIQUE ANATOMY AND SPECIAL 
PHYSIOLOGY'?4? 


See Tables 32-1 and 32-2. Short-beaked echidnas and platypuses are 
pentadactylous, with echidnas having strong front feet and large 
pectoral muscles adapted for digging. When approached, the echidna 
will attempt to bury itself into the ground, rolling into a partial ball 
with its head tucked under its body and leaving only its spine 
covered dorsum exposed. This is facilitated by contraction of the 
panniculus carnosus, which also exists in the platypus, a large 
muscle under the skin of the back and sides. 

Platypus fur is waterproof and has a hair fiber density of 600 to 
900 hairs per square millimeter (hairs/mm”?) and traps air for insula- 
tion. The platypus has no subcutaneous fat (unlike the echidna) but 
does store fat in its tail, which makes up 40% of its total body fat. 

Platypus males possess a sharp spur on each hindlimb, and the 
spur is connected to a venom gland located in the upper thigh 
region. The spur is covered by a blunt sheath that erodes away by 9 
to 12 months of age. A fleshy collar is present at the base of the spur 
until about 18 months of age. Spurring and envenomation, although 
not fatal to humans, is extremely painful and has been known to kill 
mice, dogs, and other platypuses. Platypuses are more aggressive and 
their venom more potent during the breeding season (August to 
October). The venom gland also increases in weight from less than 


5 grams (g) to almost 10 g. Therefore, extra care is required when 
handling these animals during this period. Venom is only produced 
by sexually mature males from about 4 years of age. Females have a 
rudimentary spur sheath that is lost around 8 months of age. The 
spurs are likely used to settle territorial disputes during the breeding 
season. 

Generally, only male echidnas have spurs, which range in length 
from 4.3 to 15 mm, on their hindlimbs (although some females may 
have small spurs <2 mm long).’ Until recently, these were believed 
to not contain venom. However, new research has found that these 
spurs connect to a crural gland that contains proteins similar to those 
found in platypus venom." At this stage, it is unknown if the echidna 
“venom” is toxic to humans, but echidnas do not strike out with 
their spurs the way platypuses do. 

The echidna’s beak and the platypus’s bill are equipped with a 
number of sensitive electroreceptors and mechanoreceptors, which 
may be used to locate invertebrate prey. The short-beaked echidna 
has around 400 mucous glands around the snout tip and nostrils. A 
quarter of these contain sensory nerve terminals. Each sensory gland 
is surrounded by several noninnervated glands. Approximately seven 
sensory glands exist per square millimeter. In the long-beaked 
echidna, all mucous glands are innervated and are found at a density 
of 12 per square millimeter. Platypuses have around 40,000 recep- 
tors, at a density of 30 per square millimeter, arranged in parallel 
rows from the tip of the bill to the frontal shield, possibly to aid in 
assessing prey direction. They may detect weak electric fields down 
to 1.8 (mVem). 

Monotreme snouts contain push rods, which are believed to be 
mechanoreceptors (up to 60,000 in the platypus bill, most densely 
congregated along the border of the upper bill). Each push rod is 
around 300 micrometers (um) long and 50 um wide, with a dome- 
shaped tip around 25 um across. As many as 30 to 40 push rods 
may be present per square millimeter of skin. 

The olfactory bulb represents 3.1% of brain volume in the 
echidna compared with 0.8% in the platypus, and the echidna has 
13 times more olfactory nerve fibers. The echidna5 prefrontal cortex 
occupies 50% of the cerebral cortex, which is likely related to the 
processing of olfactory information. 

At the back of the tongue of the platypus are two grooves lined 
with sensory cells, which are probably involved in taste sensation, 
and a Jacobson’s organ, which consists of two pouches in the roof of 
the front part of the mouth. 

Echidna metabolic rate is one third (in platypuses, half) and 
oxygen requirements are less than half that of an equivalent-sized 
dog or cat. Echidnas may hibernate for 6 to 28 weeks, with brief 
spontaneous arousal every 9 to 12 days, when ambient temperature 
drops below 12°C. Their body temperature may drop to 4°C, heart 
rate may decline to 4 to 7 beats per minute (beats/min) and respira- 
tory rate decreases to 0.3 breaths per minute. The echidna thermo- 
neutral range is 20°C to 30°C. Long-beaked echidnas do not appear 
to hibernate. Monotremes are more susceptible to hyperthermia than 
to hypothermia. Short-beaked echidnas are unable to sweat or pant, 
but long-beaked echidnas and platypuses have abundant sweat 
glands. Platypuses also have two scent glands in the cervical region. 
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TABLE 32-1 — 

Selected Physiologic Parameters for Echidnas 

and Platypuses 

Short- Long- 
Beaked Beaked 
Parameter Echidna Echidna Platypus 
Body weight 2-7 kg Male Male 
5.9-8.0 kg 1.0-3.0 kg 
Female Female 
74-9.8kg 0.7-1.8 kg 
Longevity Up to 50 Up to 31 Up to 21 
years years years 

Heart rate (beats per 50-68 (Rest) 140-230 

minute) 135-145 

(Active) 

Blood pressure (mm 123/96 

Hg) 
Respiratory rate 5-6 20-50 

(breaths per minute) 
Body temperature (°C) 28-33 27-32 29-34 
Adrenal weight/Body 40 mg/kg 257 mg/kg 

weight 
Glucocorticoids 0.1 g/dL 15 ug/dL 
Cortisol 0.07 ug/dL 5.4 ug/aL 
Corticosterone 0.14 ug/dL 1.8 ug/dL 
Cortisone — 8.2 ug/dL 
Aldosterone 0.54 ng/dL Low 


mg/kg, Milligram per kilogram; ug/dL, microgram per deciliter. 


SPECIAL HOUSING REQUIREMENTS’ 


Echidnas should be provided with a natural soil substrate over a 
layer of mesh to prevent their attempts to dig out. They must never 
be kept on concrete surfaces. Alternatively, the walls may be dug 
down to a depth of 50 centimeters (cm). Peripheral walls should be 
smooth, solid, and vertical to a height of at least 50 cm. Overhanging 
structures should be removed, as echidnas may use them to climb 
out. In the wild, echidnas are solitary. They have home ranges rather 
than territories, which vary from 45 to 65 hectares (ha). In captivity, 
they may be housed together as long as a minimum of 5 square 
meters (m?) of floor space is provided for each animal. In the hospital 
environment, echidnas may be kept in smooth plastic tubs contain- 
ing straw or shredded paper to provide shelter and security. Care 
must be taken to eliminate sharp edges or cavities, as the echidna 
could damage its beak on these. Wire cages are unsuitable, but 
plastic garbage bins may be used for short-term confinement. As 
echidnas are prone to hyperthermia, it is important to provide shelter 
from heat. 

Platypuses require fresh water, for feeding and exercise, and a 
tunnel system connected to one or more nest boxes. The water needs 
to be filtered to keep it clean and is commonly replaced at weekly 
intervals. Pool walls should be 1 to 1.2 m high and at least 0.5 m 
above the water level to prevent escapes and should contain partially 
submerged branches and overhanging ledges. Tunnels may be made 
of marine ply or plastic pipes and should have hatches every meter 
or so to allow access to the animal. Nesting material such as grass 
and leaves should be placed in the water during breeding season. 
Nest boxes may be made of wood, or the platypus may be provided 
with an area of soil for tunneling and for excavating its own nest. 
When an area of soil is used, clay soil containing fibrous vegetable 


matter should be used to prevent possible cave-ins. Platypuses, like 
echidnas, are cold tolerant but not heat tolerant. Air and water tem- 
peratures must be maintained below 27°C. 

Platypuses are solitary in the wild. Their home ranges vary from 
0.2 to 7.3 km, with some overlap of females and subadults but less 
of males. In captivity, female-female pairs have been housed together. 
Male-female pairs should be housed in separate quarters. Adult 
males should never be housed together. 


FEEDING 
Free-Ranging Diet'* 


Short-beaked echidnas consume predominantly ants and termites 
(generally preferring termites, as they are more digestible, have 
higher water content, and live in larger colonies) but will eat other 
invertebrates such as earthworms and the larvae of beetles and 
moths. Long-beaked echidnas consume mainly earthworms but will 
also eat small centipedes, scarab beetle larvae, lepidopteran larvae, 
and subterranean cicadas. 

Platypuses consume aquatic invertebrates such as freshwater 
crayfish, beetles, midges, snails, crustaceans, and caddisfly and 
mayfly larvae (Trichoptera spp. generally making up over half the 
diet). Foraging is mainly nocturnal and lasts, on average, 10 to 12 
hours per day. Food consumption is 13% to 28% of body weight 
but may increase to 100% during lactation. They prefer cobbled 
substrates and avoid mud. Dives usually last between 30 and 140 
seconds, but platypuses may remain submerged for up to 10 minutes. 
Heart rate drops during dives from a range of 140 to 230 to a range 
of 10 to 120 beats/min. Platypuses usually forage in pools less than 
5 m deep, with few dives going deeper than 3 m. 


Captive Diet”'” 
Because of the difficulty in obtaining a regular supply of ants and 
termites, short-beaked echidnas are generally maintained on an alter- 
native diet based on minced meat. Wild echidnas usually take to this 
diet within a few days. If not, they may be encouraged to accept it 
by adding formic acid or “paw paw” to the diet. Echidnas are fed 
food that is 2% to 5% of their body weight daily. Although they have 
been successfully maintained on this diet, obesity is common, breed- 
ing success is low, and fecal consistency is quite variable compared 
with wild echidnas. Some institutions provide a breeding (high-fat) 
diet and a maintenance (low-fat) diet, although evidence that this is 
better than feeding a constant diet all year round does not exist. 
Recent research has found that vitamin D levels in the blood of 
echidnas held at three captive facilities were much higher than in 
wild ones (335.5 nanomoles per liter [nmol/L], 104.0 nmol/L and 
187.2 nmol/L in captive echidnas compared with 24.7 nmol/L in 
wild echidnas). The health effects are not known, but altering the 
diet reduced serum vitamin D to wild levels.'’ A suggested echidna 
diet is given in Table 32-3. 
Captive platypuses are fed freshwater crayfish, mealworms, earth- 
worms, fly pupae, and tubifex worms. They consume food that is 
15% to 30% of their body weight daily. Feces are unformed, are 
black, and have a tarry consistency. A suggested diet for platypuses 
is given in Table 32-4. 


Hand Rearing 


Monotreme milk composition is presented in Table 32-5,’ along with 
two artificial milks for comparison. It is very high in iron but con- 
tains very little lactose. The principal carbohydrates are fucosyl 
lactose and sialyl lactose in echidna milk and difucosyl lactose in 
platypus milk. 

In hand rearing, echidnas and platypuses should be maintained 
at 20°C to 25°C. They will feed directly from the palm of the hand 
or out of a small bowl. For echidnas feed 10% to 12% of body weight 
every 3 to 5 days. Platypuses should be fed food that is 10% to 20% 
of body weight daily spread over three to six feeds. Between feeds, 
the animals may be kept in a wooden nest box. High-carbohydrate 
milks should be avoided, as they will predispose the animals to 


Spine 


TABLE 32-2 


Echidna: 7C (bearing ribs), 16T, 3L, 3S, 12Co 

Platypus: 7C (bearing ribs), 17T, 2L, 2S, 21Co 

Both vertebral and sternal ribs present, joined 
by strips of cartilage 


Skull 


Ectopterygoid bones present 
Thin zygomatic arches 
Jugal bone present (platypus only) 


Pectoral girdle 


Scapula x2 
Coracoid x2 
Epicoracoid x2 
Clavicle x2 
Interclavicle x1 


Pelvic girdle 


Epipubic bone x2 

Acetabular foramen x2 

In the echidna the head of the femur is 
inserted horizontally into the acetabulum, 
projecting at right angles to the body 

The tibia and fibula are twisted backward so 
that the feet and claws are directed 
posteriorly 


Central nervous 
system 


Gyrencephalic (echidna); lissencephalic 
(platypus) 

Corpus callosum absent 

Motor nerve tract crosses in the pons in the 
echidna (compared with the medulla in 
most other mammals) 

Spinal cord terminates at T7 in the echidna 
compared with L1-L2 in humans 


Auditory 


No tympanic bulla 

Incus and malleus fused and attached to 
petrous bone (echidna) 

Cochlea partially coiled and most sensitive to 
frequencies around 4 kilohertz (kHz) 
(platypus) and 5 kHz (echidnas) 

Saccular, utricular, and lagenar macula all 
present 


Visual 


Scleral cartilage present 

Keratinized cornea (echidna) 

1096-1596 of photoreceptors are cones 
(which contain oil droplets) in the echidna, 
compared with 5% in humans 

Echidnas have a very flat lens and lack ciliary 
muscles 

Accommodation is achieved by protruding 
the eyes and elongating the eyeballs to 
vary the distance between the lens and 
the object 

Avascular retina 

Nictitating membrane present (platypus only) 

99% decussation of optic fibers at optic 
chiasma 
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Digestive 


Teeth absent 

The echidna tongue is long and slender 
and may be extended 2-3 cm in the 
long-beaked echidna and up to 18 cm 
in the short-beaked echidna 

The anterior third of the long-beaked 

echidna tongue has a groove containing 

three rows of keratinous spines on the 

upper surface 

The groove, which allows the echidna to 
consume its main prey of earthworms, 
opens when the tongue is protruded, and 
closes when it is retracted 

Echidna saliva, which is rich in glycoproteins, 
is produced by paired sublingual salivary 
glands 

Paired submandibular salivary glands are 
palpable as two firm flattened oval 
subcutaneous masses on the ventral side 
of the neck 

Once consumed prey items are crushed 
between the keratinous plates at the back 
of the tongue and the hard palate 

Juvenile platypuses have one premolar and 

two molars in each maxilla and two to 

three molars in each mandible 

These are lost as the animal matures and are 

replaced by keratinous pads 

Food is stored in cheek pouches 

The monotreme stomach is lined with 
keratinized stratified epithelium 

Brunner’s glands present 

Gastric glands absent 

Gastric pH 6.2-7.4 (echidna) 

Intestine: 3.5 m long in echidna; 1.5 m long 
in platypus 

The echidna small intestinal mucosa has 
high trehalase activity corresponding to 
the high trehalose content of termites 
and ants 

Lactase and sucrase activity is virtually 
undetectable 

Combined pancreatic and bile ducts 

A small cecum, which is primarily a lymphoid 
organ, is present in both monotremes 

Gut transit time: 2 days (echidna), 5 hours 

(platypus) 


Cardiovascular 


Chordae tendinae absent; heart valves insert 
directly onto papillary muscles (echidna) 

Coronary vein present (empties into right 
atrium) 

Right lung lobe x2 

Left lung lobe x1. 


Miscellaneous 


Adrenal glands not divided into a cortex and 
medulla 

Medullary tissue located caudally, cortical 
tissue found cranially 

Lymph nodes absent 

Diffuse lymphoid system composed of 
0.2-2.0 mm nodules dispersed through 
lymphatic vessels 


a A a Sia eS TT | 
C, Cervical; Co, coccygeal; L, lumbar; S, sacral; T, thoracic. 


250 PART IV “ MAMMAL GROUPS 


secondary infection by Candida sp. and other infections. VVeaning 
should occur by slowly introducing solid food. 


RESTRAINT AND HANDLING® 
Physical Restraint 


When approached, the echidna will quickly dig into the substrate. 
To bring the echidna out, a spade is required to carefully dig under 
the animals body and lift it wp. Alternatively, a hindlimb may some- 
times be grasped. The entire echidna may then be lifted by the foot 
and placed in a suitable receptacle such as a plastic garbage can. If 
the echidna is on a solid surface, it will attempt to curl into a tight 
ball. In that case, a hand should be slid under the rear of the body 
and a foot grasped. Alternatively, the entire echidna may be picked 
up with a towel or while wearing sturdy leather gloves to protect 
the hands. If picking the echidna up by its leg, it is important to 


TABLE 32-3 aS 


Short-Beaked Short-Beaked 
Echidna Maintenance Echidna Breeding 


be wary of the cloaca, as stressed echidnas frequently spray urine 
and feces. 

Platypuses are restrained by being held by the tail base. This 
keeps the spurs away. Docile or hand-raised platypuses may be 
cradled in the hands. Platypuses are easily transported in bags such 
as pillow cases. 


Chemical Restraint 


Intubation of monotremes is not possible because of the narrow oral 
cavity, small gape, difficulty visualizing the larynx, and presence of 
a keratinous pad on the dorsal surface of the base of the tongue in 
echidnas and a bulbous structure (torus linguae) at the base of the 
tongue in platypuses. 

Disturbed echidnas generally roll into a ball, tucking the beak in 
tightly against the body, making mask induction impossible. There- 
fore, the echidna may be placed in an induction chamber that is 
flooded with a mixture of isoflurane and oxygen. Once sedated, the 
echidna may be maintained on a mask. If an injectable induction is 
required, several suitable combinations are available: 2 milligrams per 
kilogram (mg/kg) xylazine and 10 mg/kg ketamine, intramuscularly 


TABLE 32-4 — 


Ingredient Diet Diet 

Water 70 mL 70 mL Platypus 
Minced meat 100 g 110g Platypus Platypus Lactating 
Raw egg (no shell) 24 g 26 g Ingredient Maintenance Diet Breeding Diet Female Diet 
Glucose monohydrate 459 18 g Earthworms 60 grams (g) 80 g 120g 

Bran 17g 18g Mealworms 50 g 60 g 100 g 

Olive oil 9g 14g Freshwater 20-30 20-30 50-70 
Calcium carbonate 1g 1g crayfish 

Fly pupae 79 79 Fly pupae 40 g 60 g 800 g 
EEE Tubifex worms 60g 80 g 120g 


g, Gram; mL, milliliter. 


TABLE 32-5 —— 


Short-Beaked Short-Beaked 


Wombaroo Echidna Wombaroo Echidna 


Parameter Echidna (Early) Echidna (Late) Platypus Milk <30 Days (<4210 g) Milk >30 Days (>-360g) Di-Vetalact 

Total solids (% wt/wt) 48.9 39.1 21 36 — 

Crude lipid (% wt/wt) 1.25 31 22.2 8 16 4 

Crude protein (% wt/wt) 7.85 12.4 8.2 7 11.5 3 

Carbohydrate (% wt/wt) 2.85 2:3 3.7 5.5 4 5 

Calcium milligram per 117 191 260 460 100 
deciliter (mg/dL) 

Phosphorus (mg/dL) 285 133 200 360 70 

Magnesium (mg/dL) 16 16 19 34 10 

İron (mg/dL) 3.33 2.11 1.5 2 0.9 

Copper (mg/dL) 0.38 0.1 0.24 0.44 0.06 

Zinc (mg/dL) 1.51 1.92 0.34 0.6 0.7 

Oleic acid 96 61.2 25.2 

Palmitic acid % 15.9 17.6 

Palmitoleic acid % 6.2 11.6 

Linoleic acid % 5.1 6.1 

Linolenic acid % 0.8 9.5 

Stearic acid % 3.9 4.0 

Arachidonic acid % iid 0.5 3.1 


(IM) (reversed with 0.1 mg/kg yohimbine intravenously [IV]); 
0.5 mg/kg medetomidine and 5 mg/kg ketamine, IM (reversed with 
2.5 mg/kg atipamezole IM); or 3 to 10 mg/kg tiletamine and zolaze- 
pam, IM. Analgesics that have been used in echidnas include 0.1 mg/ 
kg butorphanol, IM or IV, twice daily (BID); 1 mg/kg buprenorphine 
IM or IV, once daily (SID); 0.5 mg/kg flunixin, subcutaneously (SC), 
IM, or IV, SID; 1 mg/kg ketoprofen, SC, IM, or IV, SID; and 0.5 mg/ 
kg meloxicam, SC or IV, SID or 0.2 milliliter (mL), orally (PO; mixed 
in food), SID. 

Platypuses are anesthetized with isoflurane and oxygen via a 
mask placed over the bill. Injectable agents have rarely been used. 


DIAGNOSTICS 
Blood Collection” 


A soft swelling on the dorsal surface of the echidna beak, just caudal 
to the nostrils, represents a venous sinus (Figure 32-1). This sinus 
is suitable for blood collection with a 25-gauge needle and 2- to 
3-mL syringe. A heparinized winged infusion set (butterfly catheter) 
reduces the likelihood of the needle coming out of the sinus if the 
echidna moves. Care must be taken not to exert too much pressure 
on the syringe, as this will collapse the sinus.” The jugular vein may 
also be used but is more difficult to access because of the echidnas 
short neck. 

In platypuses, a vascular sinus running transversely along the 
rostral border of the bill is suitable for blood collection (Figure 32-2). 


FIGURE 32-2 Blood collection in the platypus. 
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A 25-gauge needle, attached to a 2- to 3-mL syringe, is inserted either 
side of the midline. Alternatively, a heparinized winged infusion set 
may be used, as the needle is less likely to come out of the sinus if 
the platypus moves. Gentle pressure on the syringe is required to 
avoid collapsing the sinus. Blood may also be collected from the 
ventral coccygeal vessels, but it is considerably more difficult. 

Monotreme hematology and biochemistry values are provided in 
Table 32-6. Erythrocytes have very low levels of adenosine triphos- 
phate (ATP; platypus 0.06 and echidna 0.03 millimoles per liter 
[umol/L]). Platypus blood contains large numbers of small erythro- 
cytes (10 million/mL” of blood), high hemoglobin levels (19 g/100 mL 
blood), no reticulocytes and neutrophils that commonly contain 
Dohle bodies.’ Blood in both echidnas and platypuses has a high 
oxygen affinity, enabling echidnas to tolerate high levels of carbon 
dioxide (up to 10%). 


DISEASES” "1"! 


Summaries of echidna and platypus diseases are listed in Tables 32-7 
and 32-8. 

Internal parasites found in short-beaked echidnas include the 
cestodes Echidnotaenia tachyglossi and Linstowia echidnae and nema- 
todes Parastrongyloides, Nicollina, Tachynema, Tasmanema, Dipetalo- 
nema, and Ophidascaris robertsi, the python ascarid. Although disease 
has occasionally been attributed to heavy burdens of Nicollina and 
Tasmanema, such findings are usually regarded as incidental. Long- 
beaked echidnas may be parasitized by trematodes (Echinostoma sp.), 
and nematodes (Zaglonema ewersi, Zaglonema zaglossi, and Tridentakis 
sp.). Platypuses may also be hosts to trematodes (Mehlisia ornitho- 
rhynchi, Maritrema ornithorhynchi, and Moreauia mirabilis) and nema- 
todes (Iasmanema mundayi and Cercophithifilaria johnstoni). No 
pathology is usually associated with any of these infections. 

No pharmacokinetic studies have been performed on mono- 
tremes. Medications used in small animals have been used in 
monotremes at similar dose rates. No adverse reactions have been 
reported. 


REPRODUCTION" 


Selected reproductive parameters are provided in Table 32-9. Mono- 
tremes have a common reproductive and excretory opening called 
cloaca. Testes are internal, and seminal vesicles are absent. Echidnas 
lack a prostate gland, and platypuses have a disseminated prostate. 
The vas deferens conveys sperm from the epididymis to the 
urogenital sinus and then into the penile urethra, which transports 
only sperm. Urine travels via the ureters to the urogenital sinus. 
From there, urine enters the cloaca via the urinary papilla, which 
is situated on the cloacal wall at the ventral base of the penis 
(Figure 32-3). 

The female echidna has two functional ovaries, but in the platy- 
pus only the left ovary is functional. The oviducts enter the urogeni- 
tal sinus. The bladder also attaches to the urogenital sinus, opposite 
and dorsal to the entry of the ureters (Figure 32-4). 

Normally, echidnas are solitary, but during the mating period, 
they come together to form “trains,” in which up to 11 males will 
follow one female. The time from “train” formation to mating is 7 to 
37 days. No trains have been seen in Snowy Mountain echidnas, 
which form pairs and mate after arousal from hibernation. The most 
dominant male in the group mates with the female. Copulation lasts 
30 to 180 minutes, and females usually only mate once in a season. 
Within 48 hours of mating, females return to their solitary life, and 
males wander off to either find another “train” or resume their soli- 
tary existence. 

Platypuses are also solitary and generally do not breed until at 
least their fourth year, when they will mate a number of times over 
several days. 

Monotreme egg shells are not mineralized but are leathery. Female 
echidnas enter a burrow shortly before egg laying. Only the female 
platypus builds the nest. 
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TABLE 32-6 
Short-Beaked 
Echidna Platypus 
Species Mean SD Mean Range 
PCV (%) 40.45 5.63 51.00 35.00-62.00 
RBC (x1077/L) 6.25 0.85 10.30 7.26-12.10 
Hb (g/dL) 14.49 2.58 18.32 13.40-22.30 
MCV (fL) 64.91 5.05 50.04 42.00-56.30 
MCH (pg) 23.75 4.04 17.84 15.00-34.40 
MCHC (g/dL) 35.98 5.01 36.30 32.70-39.90 
WBC (x10°/L) 11.95 5.52 26.03 9.60-40.60 
Bands (x10°/L) 0.08 0.15 0.21 0.00-1.62 
Neutrophils 6.6 3.86 10.11 1.15-25.17 
x105/L) 
Lymphocytes 5.11 2.51 18.35 3.07-34.51 
x10°/L) 
Monocytes 0.3 0.27 0.91 0.00-2.74 
x105/L) 
Eosinophils 0.08 0.17 0.35 0.00-1.22 
x108/L) 
Basophils 0.00 0.00 0.00 0.00 
x105/L) 
Platelets (x109/L) 414.28 125.15 817 262-2144 
Total protein (g/L) 76.19 11.51 66.00 57.00—75.00 
Albumin (g/L) 37.94 8.37 28.00 22.00-33.00 
Globulin (g/L) 38.23 5.22 39.00 25.00-46.00 
Glucose (mmol/L) 4.83 1.48 4.47 1.00-8.30 
Cholesterol 4.54 Na 6.60 3.10-9.41 
(mmol/L) 
Bilirubin (mol/L) 5.88 2.85 10.54 3.00-18.00 
ALP (Unit/L) 161.17 53.21 238.00 43.00-387.00 
ALT (Unit/L) 100.00 32.93 
AST (Unit/L) 321.21 135.71 876.00 535.00-1146.00 
LDH (Unit/L) 239.75 136.28 877.00 88.00-1741.00 
CK (Unit/L) 79.19 37.76 436.00 107.00-806.00 
BUN (mmol/L) 10.55 2.97 30.90 25.90-34.20 
Creatinine 0.07 0.04 0.03 0.01-0.04 
(mmol/L) 
Calcium (mmol/L) 2.54 0.35 2.22 1.91-2.55 
Phosphorus 1.76 0.44 2.15 1.19-3.03 
(mmol/L) 
Sodium (mmol/L) 138.7 6.06 147 139-156 
Potassium 3.11 0.58 2.61 1.40-4.00 
(mmol/L) 
Chloride 94.66 4.8 112 106-117 
(mmol/L) 


= ==sstrrrrrcr xoomunun m A 2-7.) 
ALP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; TL, fem- 
toliter; g/dL, gram per deciliter; g/L, gram per liter; Hb, hemoglobin; LDH, 
lactate dehydrogenase; MCH, mean corpuscular hemoglobin; MCHC, 
mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; mol/L, micromole per liter; mmol/L, millimole per liter; PCV, 
packed cell volume; pg, picogram; RBC, red blood cell; Unit/L, unit per 
liter; WBC, white blood cell. 
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FIGURE 32-3 Male echidna reproductive tract. 
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FIGURE 32-4 Female echidna reproductive tract. 


Monotremes nurse their young, but they lack nipples, and milk 
is expressed directly onto the skin of the abdomen in two areas called 
the milk patch, or areola, which contains 100 to 150 separate pores. 
During feeding, the juvenile sucks the milk from the mother’s skin 
and hair. In pregnant echidnas, the enlarged mammary glands form 
thick “lips” on either side of the midline to create a pouch. This 
regresses once the young become independent. This does not occur 
in the platypus. 


TABLE 32-7 


Disease 


Etiology 
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Clinical Signs and Pathology 


Diagnosis 
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Treatment 


Salmonellosis 


S. typhimurium, S. bovis- 
morbificans, S. dublin, S. 
saint-paul 


Hemorrhagic diarrhea, 
weakness, sudden death 

Enteritis, granulomatous 
hepatitis, and intestinal 
intussusception 


Fecal culture, necropsy 


Antibiotics, fluids 


Dermatitis Bacteria such as Orthokeratotic hyperkeratosis, Biopsy, culture, skin scrape, | Systemic and topical 
Staphylococcus, suppurative dermatitis tape prep antibiotics, antifungals, 
dermatophytes, possible antiseptic washes 
pox 

Coccidiosis Eimeria tachyglossi, E. Depression, lethargy, anorexia, | Fecal examination; healthy 20 milligrams per kilogram 


echidnae, Octosporella 
hystrix 


diarrhoea, sudden death 
Hemorrhagic and necrotizing 
enteritis or disseminated 
coccidiosis with foci of 
necrosis and asexual and 
sexual life stages scattered 


through the lung, liver, heart, 


spleen, kidney and gut 


echidnas also shed 
oocysts 


(mg/kg) toltrazuril orally 
(PO) once daily (SID) 2 
days, fluids 


Toxoplasmosis 


Toxoplasma gondii 


Nonsuppurative encephalitis, 
interstitial pneumonia and 
focal hepatitis, splenitis and 
nephritis 


Necropsy 


None 


Sparganosis 


Spirometra erinacei 
plerocercoids 


Large, pale, firm subcutaneous 
masses 


Biopsy, necropsy 


Surgical removal 


Gastric dilation 
and gastritis 


Feeding high-carbohydrate 
milk, leading to secondary 
Candida, Corynebacterium, 
or Fusobacterium infection 


Sudden death +/— diarrhea in 
hand raised juveniles 

Gastritis +/- ulceration and 
caseous plaques in the 
stomach and esophagus 


Necropsy 
May observe gastric 
distention 


Prevent by feeding low 
carbohydrate milk 


Piroplasmosis 


Theileria tachyglossi, 
Babesia tachyglossi 
Hepatozoan tachyglossi 


Probably incidental if <2.5% of 
erythrocytes infected 
None 


Giemsa-stained blood 
smear 

Blood smear-gamonts 
(8-12 um, oval with an 
eccentric nucleus) found 
in 096-5096 of monocytes 


None 


None 


Ticks Aponomma concolor, Ixodes Anemia, dermatitis Observation-commonly in Ivermectin, fipronil, 
spp., Amblyomma spp., ear canals selamectin, physical 
Haemaphysalis sp. removal 
Trauma Cars, dogs, etc. Beak fractures: difficulty Radiography Symptomatic treatment 
breathing Internal or external fixation 
is not possible 
If animals cannot eat or 

breathe, euthanasia is 
necessary 

TABLE 32-8 š 

Disease Etiology Epizootiology Clinical Signs Diagnosis Treatment 

Ulcerative Mucor Disease only found in Granulomatous and Fungal culture, biopsy Surgery, 0.5 

mycosis amphibiorum Tasmania ulcerative dermatitis milligram per 


One study found it in 8% 
of necropsies 

Disease likely develops 
secondary to skin 
wounds 


that may spread 
internally, especially 
to the lungs 
Lesions contain 18 
micrometers (um) 
diameter Mucor 
spherules 


kilogram (mg/kg) 
amphotericin B 
injected into lesion 
twice weekly 
Resistant to 
itraconazole and 
fluconazole 


Continued 
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TABLE 32-8 
Disease Etiology Epizootiology Clinical Signs Diagnosis Treatment 
Cytomegalic Adenovirus-like: Infected renal epithelial Subclinical with no Histology, electron None 
inclusion non-enveloped, cells dramatically inflammation microscopy 
disease 80 nanometer enlarged (up to 35 
(nm) in micrometer (um), instead 
diameter of 6-10 um) with 
eosinophilic intranuclear 
inclusion bodies 
Leptospirosis L. hardio In one study, 50% of Subclinical infection: Serology, histology: silver Not warranted 
platypuses from New chronic interstitial stain 
South Wales were nephritis 
seropositive and 25% of 
necropsied Victorian 
platypuses had mild 
chronic interstitial 
nephritis 
Zoonosis 
Ticks Ixodes Vector of Theileria None Observation İvermectin, physical 
ornithorhynchi ornithorhynchi and removal 
Trypanosoma binneyi 
Thelleria Found in about 196 of Usually subclinical Blood smear None 
ornithorhynchi erythrocytes May cause hemolytic İnfected erythrocytes 
anemia in contain 1-4, 0.5-2.0 um 
compromised comma- or crescent- 
individuals shaped parasites 
Trypanosoma Found in the blood, lung, None recorded Blood smear, polymerase None 
binneyi liver, and heart in 3596 of chain reaction 
platypuses in one study 
TABLE 32-9 
Short-Beaked Echidna Platypus 
Karyotype 63 males (M), 64 females (F) 52 (M), 52 (F) 
Testicular vveight 1-3 gram per kilogram (g/kg) (October to March) 1 g (June) 


8 g/kg (April to September) 


22 g (August to October) 


Spermatogenesis 


April/May to September 


Mating June to early September July to October on the mainland but as late as February in 
Tasmania. 
Gestation 22-24 days 21 days 
Number of eggs 1 1-3 (1 or 2 young emerge from the burrow in captivity) 
Egg size 13-17 millimeter (mm) 15-17 mm 
1.5-2.0 g 1.5-2.0 g 
Incubation 10 days 10 days 
Hatchling size 13-15 mm 
0.3-0.4 g 
Lactation July/August to January/February Late September to early March. 
Pouch life 45-55 days No pouch. İn the nest for 3 months. 
Burrow emergence January/February Late January to April on the mainland but as late as May in 


Tasmania (123-136 days) 


120-150 days 


Weaning 180-205 days 
800-1300 g 
Sexual maturity 5-12 years 


Can breed at 2 years, but usually not until after 4 years of age 


Estrogen (nongravid) 


0.01-0.09 nanogram per milliliter (ng/mL) 


Estrogen (gravid) 0.16 ng/mL 
Progesterone (nongravid) 2.1 ng/mL 
Progesterone (gravid) 10.4 ng/mL 


Growth is rapid in the echidna, with body weight increasing from 


0.5 g to 400 g in 60 days. At one suckling, the young may increase 
its body weight by 20% in 1 to 2 hours. Suckling intervals may be 
as long as 5 to 10 days. When weighing around 180 to 260 g, the 
neonate is left in the plugged nursery burrow with the mother 
returning at 4- to 6-day intervals to feed it. Age at sexual maturity 
is unknown. 


Platypuses also grow quickly and increase hatching size by 20 


times in 14 weeks. By 12 to 18 months, juveniles are close to adult 
size. 
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GENERAL BIOLOGY 


Marsupials are an ancient and diverse mammal group, inhabiting a 
wide range of environments, from high alpine regions to coastal 
forests and deserts. Many species are arboreal, others are both arbo- 
real and terrestrial, some completely terrestrial, and a few fossorial, 
and one species, the water opossum (Chironectes minimus), is aquatic. 
Many are nocturnal and some are diurnal or crepuscular. They range 
in body size from as small as 4 grams (g) up to 85 kilograms (kg). 
Many species do not live much beyond 10 years. Males of some 
dasyurids all die in the wild after their first year. A few such as 
wombats may live up to 30 years. 

Numerous defining features of marsupials distinguish them from 
other mammals: the anatomy of the female reproductive tract; the 
very short gestation period, with young born in an embryonic state; 
and a lengthy lactation period, during which the young remain in 
the pouch. The derivation of the term marsupial from “marsupium” 
and the implication that all female marsupials have a pouch is not 
correct. The distinction of marsupials from eutherian mammals as 
not having a placenta is also not correct. 

The extant marsupial species are restricted to Australasia and the 
Americas, with the majority of the 333 species occurring in Australia, 
New Guinea, and nearby islands. The subclass Marsupialia is divided 
into seven orders: Didelphimorphia (opossums, 92 spp.), Paucitu- 
berculata (shrew opossums, 6 spp.), Microbiotheria (Monito del 
Monte [Dromiciops gliroides]), Dasyuromorphia (dasyurids, 71 spp.), 


Peramelemorphia (bandicoots and bilby [Macrotis lagotis], 21 spp.), 
Notoryctemorphia (marsupial moles, 2 spp.) and Diprotodontia 
(koala [Phascolarctos cinereus], wombats, possums, gliders, macro- 
pods, 140 spp.).” 


UNIQUE ANATOMY AND PHYSIOLOCGY”””1”? 
Musculoskeletal System 


An ossified patella does not exist except in bandicoots and the 
bilby. Epipubic bones extend from the cranial aspect of the pubis. 
Paired clavicles are present in all species except in bandicoots and 
the bilby. Other than in opossums, dasyurids and the numbat (Myr- 
mecobius fasciatus), the second and third digits of the hindfoot are 
syndactylus. 

In macropods, the atlanto-occipital articulation is highly flexible, 
allowing the muzzle to remain horizontal, whether the neck is hori- 
zontal or vertical. This may be associated with some weakness at this 
articulation, possibly accounting for the high incidence of traumatic 
fractures at this site. The mandibular symphysis of kangaroos and 
wallabies is unfused and flexible, whereas in the banded hare- 
wallaby (Lagostrophus fasciatus), bettongs, and potoroos, it is fused. 


Dentition 


Deciduous teeth, apart from the third premolars, degenerate before 
eruption. Broadly, marsupials may be divided into two groups on the 


256 PART IV - MAMMAL GROUPS 


basis of dentition: (1) the polyprotodonts (many incisors), including 
he dasyurids, numbat, opossums, marsupial moles, bandicoots, and 
bilby, the majority of which are carnivorous or omnivorous; and 
(2) the diprotodonts (two lower incisors), including the macropods, 
koala, wombats, possums, and gliders, the majority of which are 
herbivorous. The diprotodonts have a variably sized diastema 
between the incisors and molars. Wombats are the only diprotodont 
marsupials with one pair of upper incisors and the only marsupials 
with hypsodont teeth (rootles and ever grovving).”” 

Some species of macropods, particularly those in the genus Mac- 
ropus, exhibit molar progression. Molars erupt caudally and migrate 
orward throughout life. Cheek teeth are shed from the front as they 
wear out, replaced functionally by the next tooth. Molar progression 
is unique to macropods, elephants, and manatees. In the koala, the 
occlusal surfaces of the molar teeth wear continuously throughout 
ife, and the degree of tooth wear has implications for plane of 
nutrition. 


Gastrointestinal System 


Macropods are foregut fermenters. In a process known as merycism, 
macropods, particularly the browsers and grazers, occasionally 
regurgitate food into their mouths, which involves a rather violent 
heaving motion with vigorous movements of the forelimbs and the 
horax. The bolus is not generally rechewed as in ruminants and is 
quickly reswallowed.'* Koalas, wombats, and most possums and 
gliders are monogastric, hindgut fermenters. Koalas possess the 
argest cecum relative to body size among all known mammals. The 
wombat small intestine is short; the colon is large and sacculated; 
and the cecum is vestigial. In possums and gliders, an expanded 
cecum is the main site for fermentation in most species. The intes- 
tines of the striped possum (Dactylopsila trivirgata) and honey 
possum (larsipes rostratus) are simple because of the lack of plant 
material in their diet. Coprophagy of cecal contents occurs in some 
species of ringtail possums. Dasyurids, bandicoots, and the bilby 
have simple gastrointestinal tracts. 

In females, the urogenital sinus (into which the urethra dis- 
charges), together with the rectum, opens into the common vestibule 
(or cloaca). In males, the penis lies within the common vestibule. 
The urogenital openings are ventral to the rectum. 

Skin 

Many species of dasyurids, opossums, and the numbat lack a 
pouch. Some species develop a temporary pouch from folds of 
skin on either side of the abdominal teats during lactation. Male 
marsupials lack teats. Numbers of teats in females varies: 2 in koala, 
wombats, 4 in macropods, numbat, 4 to 12 in dasyurids, 2 to 6 in 
possums and gliders, 6 to 8 in bandicoots, bilby, and 4 to 13 in 
opossums. Marsupials are well endowed with cutaneous glands, 
which have various functions. Macropods generally have thin skin, 
particularly in the inner surfaces of the limbs, and is particularly 
pronounced in the forelimbs, where the vascularity of the subcutis 
is significantly increased. Wombat skin is considerably thicker 
han that in other marsupials and quite inelastic, and all three 
species have a characteristic “sacral plate” on the rump, almost as 
rigid as bone. Gliders are distinguished from possums by the pres- 
ence of a gliding membrane extending from the hindlimb to the 
orelimb. 


Sensory Systems 


Macropods have a wide field of peripheral vision enabling them 
o see movement in almost every direction, and binocular vision 
enables them to have more precise close vision. They have good 
day and night vision. Despite this, they appear to have difficulty 
navigating obstacles and barriers that are not solid, especially 
when alarmed and fleeing. The iris is thick and uniformly brown, 
and the pupil is circular and may be dilated easily with tropicamide. 
The fundus is heavily pigmented (usually dark brown) ventrally, 
whereas dorsally it is usually lighter in color, and in some animals, 
the choroidal blood vessels may be seen through the pigment. 
The optic disk sits at the junction between these two zones and is 


well vascularized. Retinal vessels are not prominent. All macropods 
have persistent hyaloid vessels (seen as a tuft of vessels arising from 
the center of the optic disk and extending anteriorly toward the 
posterior lens capsule). In most macropods, they are fixed anteriorly 
and are not easily visualized. If not fixed, they may be seen moving 
within the vitreous. In many kangaroos, myelination of the nerve 
fiber layer may be seen extending from around the optic disk. This 
myelination is generally most obvious in the lateral and medial 
aspects.” 

The koala has relatively small, spherical, frontally placed eyes. 
The cornea occupies a relatively large segment of the globe. A 
tapetum extends across the retina above the optic disk, and, as in 
many other marsupials, the retina is essentially avascular except for 
a small area on the optic disc itself.” Mean intraocular pressure is 
24.2 + 6 mm Hg.” The iris is usually brown. The pupil is a vertically 
orientated slit. The lacrimal puncta are slitlike openings just inside 
the lid edges, 2 to 3 millimeters (mm) from the medial canthus. 
Dasyurids have a vascular retina. The arteries do not branch but form 
discrete capillary loops. 


Immune System 


Significant differences exist in the development of the immune 
systems of marsupials and eutherian mammals. No lymphoid tissue 
is present at birth, and the neonate is not immunocompetent. 
Most species reach immune system maturation at the time of first 
release from the maternal teat, approximately half way through 
pouch life. Passive transfer of maternal antibodies occurs through- 
out lactation, and antibodies are absorbed unchanged across the 
gut epithelium of the pouch young (PY). This passively acquired 
immunity is short lived, and most maternal antibody will be lost 
by about 4 weeks after separation from the mother, with the 
young only protected by an underdeveloped active immune system. 
Secretions from the pouch epithelium and macrophages found 
in marsupial milk may play roles in immunologic protection of 
the PY.” 

In healthy macropod PY, the thymi are firm, bulging structures 
on the ventral side of the neck and may be visualized in unfurred 
or early furred PY. The thymi regress fully by sexual maturity.” 
Superficial lymph nodes are not palpable in healthy macropods. The 
superficial inguinal, superficial axillary, rostral mandibular, man- 
dibular, and facial lymph nodes are palpable in healthy koalas. 
Popliteal and subiliac lymph nodes are absent.” 


Reproductive System 


Marsupials have a diffuse, epitheliochorial choriovitelline placenta. 
Bandicoots have a diffuse placenta, with both choriovitelline and 
chorioallantoic contributions.”” Female reproductive anatomy is 
similar in all marsupials. Each of the paired lateral uteri opens into 
a vaginal cul-de-sac through its own cervix. The paired lateral 
vaginae both open separately into the urogenital sinus at the level of 
the urethral opening and are separated along their length by a soft 
tissue median septum (Figure 33-1). During parturition, the fetus 
tunnels through this septal tissue to form a median vagina. In most 
marsupials, the median vagina closes rapidly after passage of the 
fetus and then re-forms with each subsequent parturition. In most 
macropods, opossums, and the honey possum the median vagina 
becomes epithelialized after the first parturition and remains patent 
as a permanent median vagina.” 
The anatomy of the male reproductive tract is similar in all mar- 
supials. The scrotum is prominent, pendulous, pedunculated (other 
han wombats), and pre-penile. A strong cremaster muscle retracts 
he scrotal contents tightly against the body. Seminal vesicles and 
ampullae are lacking. Accessory sex glands consist of an often large 
disseminate prostate and one or more pairs of bulbourethral glands. 
In some species such as bandicoots, the prostate is easily palpated 
in the abdomen of breeding males. 
The Macropodidae are the only marsupials to produce semen, 
which coagulates to form a seminal plug in the female’s urogenital 
sinus and vaginae after ejaculation'* and may be seen protruding 
rom the female’s common vestibule. 


Cervix 


Vaginal 
cul-de-sac 


Ureter Median vagina 


Lateral vagina 


FIGURE 33-1 The female macropod urogenital tract. (Adapted from 
Vogelnest L and Woods R: Medicine of Australian Mammals, CSIRO 
2008, Reprinted with corrections 2010, Illustrator: Beth Croce, Pub- 
lished by CSIRO PUBLISHING, Collingwood, Victoria, Australia, 
Reproduced with permissions.) 


Urinary System 


The urinary system is similar in all marsupials. Unique to marsupials 
is the path of the ureters from the kidney to the bladder. The ureters 
pass between the median and lateral vaginae on each side. This 
anatomy has consequences for surgical procedures of the female 
reproductive tract. In macropods, the koala, and the wombats, the 
bladder is intrapelvic when not distended. 

The urethra of male macropods has paired valvelike cusps 
approximately 2 to 3 centimeters (cm) proximal to the external 
orifice. Each cusp is approximately 5 mm long, with its free margin 
directed toward the external urethral orifice. A similar but larger pair 
of cusps lies immediately distal to the urinary bladder sphincter. 
These cusps may make urethral catheterization difficult. In koalas, 
two regions of the male urethra may potentially impede catheteriza- 
tion. The first is a narrowing of the lumen and some mucosal irregu- 
larity in the vicinity of the openings of the bulbourethral glands. The 
second is the prostatic sinus, a groove on either side of the urethral 
crest just distal to the neck of the bladder. 


Metabolism and Thermoregulation 


Brown adipose tissue, which is used by eutherians to generate heat, 
has not been found in marsupials.” Some marsupials will enter one 
of two types of torpor. Shallow daily torpor in which the body tem- 
perature drops to 11°C to 28°C and lasts 2 to 20 hours occurs in 
opossums, dasyurids, small possums, and possibly in the numbat 
and marsupial moles. Deep, prolonged torpor (hibernation), in 
which body temperature drops to 1°C to 6°C and lasts 1 to 3 weeks 
occurs in pygmy possums (Burramyidae), the feathertail glider (Acro- 
bates pygmaeus), and the Monito del Monte.”" 

Marsupials cannot thermoregulate until about half way through 
pouch life. Marsupial metabolism is lower than that of eutherians, 
with macropods at 25% and the koala and hairy-nosed wombats 
(Lasiorhinus spp.) very low at 44%. Basal metabolic rates are highest 
in the small insectivorous dasyurids (similar to eutherians), whereas 
rates for other dasyurids are less than half those in eutherian carni- 
vores of similar size.” All wombats, in particular the hairy-nosed 
species, have extremely low requirements of energy, protein, and 
water. Plasma concentrations of thyroid hormones in wombats are 
the lowest recorded for any mammal.’ Koalas and hairy-nosed 
wombats rarely drink fluids. 
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Thermoregulation is by evaporative mechanisms (panting, sweat- 
ing, and licking). A unique feature of kangaroos is that sweating 
stops as soon as exercise stops, even if body temperature is still 
elevated and the animal is still panting rapidly.” A method of 
evaporative heat loss by spreading saliva on the forearms is common 
in macropods that have undergone a period of exertion or anxiety. 
Panting is the major means of evaporative cooling in the koala. 
Wombats are more tolerant of cold than heat and cannot sweat, using 
postural thermoregulation or salivating on their forelegs and chest 
to aid cooling. Dasyurids do not sweat and cope with excessive heat 
by licking and panting to increase evaporative cooling. 


Miscellaneous 


Macropods have hearts one-third larger than those of comparably 
sized eutherian mammals and may move more air through their 
ungs with each breath.'* Hand-reared, adult macropods that have a 
nervous temperament may display a wide-eyed expression and trem- 
bling of the head, neck, and upper body when approached. This is 
ermed tintibulation and is an apparent expression of anxiety or 
excitement. In the koala, the linea alba is broad and almost translu- 
cent, and no curtainlike omentum exists. Even in healthy, well- 
nourished captive koalas, fat depots are meager in comparison with 
those in most eutherian mammals. 


SPECIAL HOUSING REQUIREMENTS 


Housing requirements for marsupials are diverse. Housing 
for hospitalization of ill or injured marsupials is described in 
Box 33-1. 


32,70 


FEEDING 


Compared with eutherians, most marsupials have a lower basal 
metabolic rate and therefore lower maintenance requirements for 
energy, protein, water and other nutrients. Requirements may gener- 
ally be met with lower food intake and often fairly poor-quality, 
high-fiber diets. In captivity, marsupials are often fed in excess and 
fed concentrated diets of low fiber content, which results in obesity 
and dental and gastrointestinal (GI) disease.” Energy intake should 
be monitored and controlled and activity encouraged through behav- 
ioralenrichment. Wild and captive diets have been described.””177770/71 
Hospital and convalescent diets for marsupials are described in 
Box 33-2. 
It is recommended that diets of small macropods be supple- 
mented with vitamin E. Some small macropod species are prone to 
developing a syndrome of weakness and wasting of the hindlimbs, 
ultimately progressing to paralysis and death from myopathy. The 
development of this syndrome is not related to diet alone. Stress 
caused by overcrowding may increase vitamin E requirement. © 


Hand Rearing 


Successful hand rearing of marsupial PY requires a detailed under- 
standing of neonatal development and physiology, the unique pouch 
environment, maternal care, passive immunity, development of the 
immune system, and milk composition.*’ The major challenges in 
hand rearing marsupials are concerned with simulating the functions 
of the pouch, which provides a stable thermal environment until the 
PY becomes endothermic, and providing an appropriate milk sub- 
stitute that may meet the changing needs of the developing PY until 
weaning and minimize exposure to pathogens.” 

The milk of marsupials must support the PY from its embryonic 
state at birth until independence. The composition, therefore, 
changes profoundly during the course of lactation. The net effect of 
these changes is a gradual increase in energy content throughout 
lactation, meeting the increasing energetic demands of the growing 
PY as it becomes more active and develops endothermy. Calcium, 
phosphorus, sodium, and potassium concentrations also change 
during lactation.°*>°" 

Marsupial milk has very low levels of lactose, oligosaccharides 
being the predominant carbohydrates for most of lactation. The 
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BOX 33-1 Housing Requirements for Hospitalization of Sick or Injured Marsupials 


MACROPODS® 

Enclosure Simple, solid-walled (no objects protruding from 
the walls) standard hospital cages to stalls for 
larger species 

Rubber matting, wood shavings, straw 

Rock wallabies and tree-kangaroos should be 
provided with structures they may sit on top of 
or climb 

Structures in which the animal may seek refuge, 
branches with leaves placed upside down in 
corners 

Consideration should be given to the use of 
long-acting neuroleptic drugs 


Substrate 
Furniture 


Shelter 


Other 


KOALAS® 

Enclosure Large enclosures allowing climbing both vertically 
and horizontally 

Intensive care (IC) patients: standard hospital 
cages 

IC patients: thick, soft padding covered with towel 
or blanket 

Plastic floor matting allows urine to drain away 

At least two resting forks, on the same or separate 
poles with a horizontal pole connecting the two 

Rough-barked poles are easier to climb 

A gently-inclined pole from the ground to a raised 
fork may enable a weaker koala to reach an 
elevated position 

If very weak or unable to climb, a stable fork or 
other structure for support at ground level will 
be required 

Drinking water should be made available in a 
stable shallow bowl on the floor 


Substrate 


Furniture 


Other 


WOMBATS" 

Enclosure Robust and escape-proof 

A solid walled den or stall, avoid mesh or chain-link 
fences, standard hospital cages for IC and 
juveniles 

Soil, sand, straw, leaf litter, wood mulch 

If hospitalized for short periods do not need 
opportunity to dig and should be discouraged for 
debilitated or ill wombats as they may expend a 
large amount of energy 


Substrate 


Shelter Burrow substitute to provide shelter and privacy: 
sturdy wooden box, large diameter concrete 
pipe, large hollow log 

Other Common wombats <25°C, hairy-nosed wombats 


<30°C, supplemental heat for debilitated 
animals 


DASYURIDS” AND 0POSSUMS” 


Enclosure 10 millimeters (mm) solid vvood, glass fronted for 
small species, standard hospital cages for large 
species, sturdier accommodation with solid walls 
for quolls and Tasmanian devils 

Substrate News, shredded or pelleted paper 

Furniture Climbing structures for arboreal species, pool for 
water opossums 

Shelter Wooden or cardboard nest boxes filled with 
shredded paper or wood shavings 

Elevated for arboreal species 
Other Supplemental heat may be required 
For opossums 10—30° C (22°C most appropriate), 
humidity >58% 

POSSUMS AND GLIDERS” 

Enclosure Standard hospital cages covered with cloth or 
towel 

Substrate Paper 

Furniture Branches with leaves for cover and climbing 

Shelter Elevated wooden nest box relevant to the size of 
the animal 

Other Food and water bowls on the floor or elevated 


BANDICOOTS AND BILBIES" 


Enclosure Standard hospital cages covered with cloth or towel 
Walls should be solid or wire vertical bars, rather 

than mesh, to prevent nail damage 

Substrate Nonabrasive (epoxy flooring, paper, clean 
towels) 

Shelter Wooden or cardboard nest box relevant to the size 
of the animal 

Other Can be kept in such enclosures for lengthy 


periods while under treatment, avoid frequent 
handling 


BOX 33-2 Hospital and Convalescent Diets for Marsupials 


MACROPODS 
Offer normal diet 

Inappetent animals may be stimulated to eat with fresh grasses, 
browse, good-quality hay 

Offer finely chopped, grated, or cooked food for animals with 
dental disease or extractions 

Intensive care (IC) patients: offer or hand feed specialized herbi- 
vore intensive care supplements 


KOALAS 
Encourage sick koalas to eat leaves 

Offer fresh, high-quality leaves of various stages of growth and 
a variety of species, including known preferred species (sick koalas 
may change their leaf species preference) 

Most do not hand feed and will not generally eat individual leaves 
removed from branches 

May take leaves from small branchlets if not distracted by human 
presence 

Supplementary feeding: low-lactose, high-energy milk powders 
mixed to a paste with water + blended leaves 


WOMBATS 
Better able to tolerate extended periods of inappetence or anorexia 
because of low metabolic requirements 

Offer a higher-energy diet, with greater quantities of foods such 
as sweet potato, sweet corn, carrot, apple, and higher-protein her- 
bivore pellets 

Grate items to tempt reluctant feeders 

Tube feed (under general anesthesia) or “assist-feed” with a 
syringe, energy-rich mixes or specialized herbivore IC supplements 
for IC patients. Diazepam (0.1 milligram per kilogram 
[mg/kg], subcutaneously [SC], daily, 30 minutes before offering 
food) + vitamin B complex (1 milliliter per kilogram [mL/kg], SC, once 
daily [SID], for 3 days) may stimulate appetite 


DASYURIDS, BANDICOOTS, BILBIES, OPOSSUMS, POSSUMS, 
AND GLIDERS 
Add to standard diet: favorite food items, live insects, cat or dog 
food, cooked chicken, other meats, semi-solid or liquid convalescent 
carnivore diets (can be tube fed to IC patients) for carnivores or 
omnivores; and nectar mixes for possums and gliders 


ransport of sugars into the intestinal mucosal cells is a relatively 
slow process. Mother-reared PY drink small volumes frequently. 
Hand-reared PY are fed larger volumes less frequently. When hand- 
reared PY are fed milk containing lactose, the capacity of the mecha- 
nism for transporting sugars into the cells is exceeded; hence 
unabsorbed lactose accumulates within the intestinal lumen, increas- 
ing the osmolality of the gut contents, resulting in watery diarrhea, 
dehydration, malabsorption of other nutrients, malnutrition, and 
retarded growth. Oligosaccharides are significantly larger than 
actose and thus exert a lower osmotic effect.” 

Numerous milk formulas have been used. Critical factors in the 
choice of a formula are low lactose content, and the formula should 
mirror the changing composition of natural milk from early to late 
actation. A number of formulae that satisfy these requirements are 
available.*’ Nevertheless, hand-reared PY of a wide range of species 
have thrived on a wide range of formulae, and the formula chosen 
is not the only key to success. Hygiene, husbandry, stress manage- 
ment, consistency, carer experience, and a maternalistic, nurturing 
instinct are equally as important. 

The weaning process needs to be carefully managed for many 
species. Herbivorous species require inoculation of the gut with 
appropriate bacteria at this time. Hand-reared koalas that have not 
consumed pap must be fed natural pap or a substitute. Macropod 
and wombat young should be given access to fresh feces from healthy 
adults or mixed with water or formula and fed as a slurry. 


RESTRAINT AND HANDLING 
Capture and Physical Restraint 


The principles of capture and physical restraint of marsupials is not 
different from those of other taxa, and appropriate methods have 
been described. 2722” The unique factor in marsupials is that females 
may eject the PY during pursuit and restraint. Excessive fear, exer- 
tion, or both may result in capture myopathy in macropods (see Box 
33-9). Smaller species may spin violently when held by the tail, 
which results in fractures or dislocations. 

Macropods may be caught in large, wide-mouthed hoop nets or 
by hand by grasping the base of the tail. Koalas may be encouraged 
to back into a bag. Docile koalas may be picked up from behind, by 
grasping around the wrists; alternatively, first the wrists and then the 
ankles may be grasped so that the koala is restrained in a sitting 
position, facing away from the handler. Wombats may be approached 
from behind and quickly grasped just behind the front legs with both 
arms. Small marsupials may be caught in a nest box or small enclo- 
sure by hand (protected by small towel or cloth bag) or small net. 
Larger dasyurids and opossums may be caught in a net or by grasp- 
ing the tail between midway and the base. 

Once captured, the animal should be physically restrained for 
only minor and quick procedures or anesthetic induction. All but 
the most tractable animals should be transferred into a bag for 
examination, drug administration, or transport. The head should 
remain covered at all times. Macropods held for longer periods 
should be suspended in bags off the ground. The animals should be 
kept cool. 


Chemical Restraint”””” 


miectable chemical restraint agents may be administered by hand, 
intravenously (IV) or intramuscularly (IM), or remotely by using 
darts in larger species. In wombats, the sacral plate over the rump 
makes it impossible to give injections or dart in this area. Inhalationa 
agents may be administered via a face mask or induction chamber 
(small species) or via an endotracheal tube after induction. Intuba- 
ion of macropods, koalas, and wombats may be difficult. They have 
a narrow gape and dental arcade, and the distance from the ora 
opening to the larynx is substantial. Koalas have a long soft palate. 
In macropods and wombats, lateral recumbency, with the head 
extended, is preferable, whereas in koalas, intubation is possible in 
ateral, sternal, or dorsal recumbency. A long, narrow-bladed laryn- 
goscope, a small rigid endoscope, or a long, curved transilluminator 
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may be used to visualize the glottis. Long endotracheal tubes are 
required. A guide stylet may be inserted into the trachea and the 
endotracheal tube passed over it. Blind intubation may also be 
achieved by grasping the larynx between the thumb and forefinger 
of one hand and passing the endotracheal tube over the tongue 
with the other until the tube touches the glottis. As the animal takes 
a breath and air is heard rushing through the tube, the tube is 
inserted into the trachea. Larger dasyurids, possums, gliders, bandi- 
coots, bilbies, and opossums are easily intubated with the aid of a 
small, narrow-bladed laryngoscope. A stylet may be required. For 
some possums and gliders, ventral recumbency, with the neck 
extended and head held vertically (similar to intubating a rabbit), 
may be used. 
Preanesthetic fasting is not generally necessary for macropods, 
koalas, wombats, bandicoots, and bilbies; however, regurgitation 
may occasionally occur (particularly in macropods), and intubation 
is recommended for longer procedures. Preanesthetic fasting for 6 
to 8 hours is recommended for dasyurids and 1 to 2 hours for larger 
possums, gliders, and opossums. In koalas, periods of apnea and, in 
unintubated animals, respiratory stridor caused by the long soft 
palate is relatively common. Profound and prolonged tranquilliza- 
ion has been seen in wombats with the use of long-acting neuro- 
eptic agents. Ptyalism, poor relaxation, constant limb and jaw 
movements, and prolonged recoveries may be seen with tiletamine/ 
zolazepam in some species. In addition tachycardia, respiratory 
depression, apnea, muscle rigidity and deaths have been seen in 
possums and gliders. 

Box 33-3 provides a list of chemical restraint agents, regimens, 
and doses used in marsupials. 


SURGERY“ 


Common indications for surgery are repair of traumatic injuries 
(soft tissue and bone), repair of tissues damaged by infectious 
processes, tumor excision, GI accidents, exploratory laparotomy, 
and reproductive procedures. Most of the procedures below are 
described for macropods but are equally applicable to other marsu- 
pial species. 


Laparotomy 


Consideration must be given to the voluminous GI tract in some 
species, the presence of a pouch (with or without PY) in females, 
and the epipubic bones. With the animal in dorsal recumbency, a 
ventral midline approach is used. If access to the caudal abdomen is 
required, tilt the body head down to about 30 degrees. In both sexes, 
when access to the cranial abdomen is required, the approach is 
straight forward. In females with a pouch, the approach will depend 
on the size of the pouch and the presence of PY. If the pouch is 
empty or the PY may be temporarily removed, a midline incision 
may be made inside the pouch, midway between the teats and the 
cranial border of the pouch. A useful technique is to use stay sutures 
to hold the pouch open. If a PY is present and cannot be removed, 
an incision may be made lateral to the pouch opening at the cranial 
end of the epipubic bone. The skin is then reflected toward the 
midline to expose the linea alba. 

In the koala, extreme care is required when opening the abdomi- 
nal cavity through a ventral midline incision. Subcutaneous fat is 
absent; the linea alba is thin; the abdominal muscles are 2 to 3 mm 
thick over the ventrolateral abdominal wall; and the cecum and 
proximal colon lie immediately below the incision site.” 


Surgical Sterilization 


Ovariectomy and Ovariohysterectomy 

The animal is prepared as for laparotomy, and the head is tilted down 
to 30 degrees. An incision is made midway between the tip of the 
epipubic bones and the pubis. The reproductive tract is visualized, 
and one side exteriorized with the use of a spay hook. For ovariec- 
tomy, one uterus is located, and the corresponding ovary is exterior- 
ized. The fimbria and ampulla of the oviduct are teased off the ovary 
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BOX 33-3 Chemical Restraint Agents, Regimens, and Doses Used in Marsupials. 


MACROPODS 
Sedation or Tranquillization 


€ Diazepam 0.1-2 milligrams per kilogram (mg/kg), intramuscularly (IM), 0.1-1.0 mg/kg, intravenously (IV) (individual and species 


response variable, duration 1-2 hours) 

Midazolam 0.3 mg/kg, IM, 0.2 mg/kg, IV" 

Azaperone 2 mg/kg, IM (3-8 hours duration) 
Perphenazine enathate 5 mg/kg, IM (7 days duration) 
Fluphenazine decanoate 2.5 mg/kg, IM (10 days duration) 


ooo € 


Zuclopenthixol acetate 5-10 mg/kg, IM (duration 48-72 hours) 


Anesthesia 


Haloperidol decanoate 4-6 mg/kg, IM (duration unknown; possibly up to 30 days) 


@ Tiletamine/Zolazepam (T/Z) 4-10 mg/kg, IM, 1-3 mg/kg, IV; lower doses for tractable animals, higher for excited animals and western 


gray kangaroos 


@ 1/Z 2-3 mg/kg, IM + medetomidine (Med) 40 microgram per kilogram (ug/kg), IM, reversal atipamezole (4 x Med dose IM) 


@ T/Z 3-4 mg/kg, IM + acepromazine 0.3 mg/kg, IM? 
* 


animals 


Ket 3-5 mg/kg, IM + Med 40-125ug/kg, IM, reversal atipamezole (4—5 x Med dose IM). Use higher doses in nervous or excited 


@ Ket 3-4 mg/kg, IM + Med 50 ug/kg, IM + midazolam 0.02-0.1 mg/kg, IM, reversal atipamezole 0.25 mg/kg, IM5 
@ Alfaxalone 5-8 mg/kg, IM, 1.5-3 mg/kg, IV; very short duration of action 


* Isoflurane in oxygen (induction, maintenance, or both) 


KOALAS 
Sedation or Tranquillization 
€ Diazepam 0.5-1 mg/kg, IM; 0.5 mg/kg, IV 


Anesthesia 

¢@ Propofol 2.5-3.0 mg/kg, IV bolus, 
maintenance; short duration of action 

@ Alfaxalone 3.0 mg/kg, IM, 1.5 mg/kg, IV 

* T/Z 5-10 mg/kg, IM, 2.5 mg/kg, IV 

@ 1/23.5 mg/kg, IM + Med 55 pg/kg, IM, reversal atipamazole 2 mg 
IV 

* Isoflurane in oxygen (induction, maintenance, or both) 


4-5 mg boluses for 


DASYURIDS 
Sedation or Tranquillization 
€ Diazepam 1-2 mg/kg, IM 


Anesthesia 
@ Isoflurane in oxygen (induction and/or maintenance) 
@ T/Z 7-10 mg/kg, IM 


POSSUMS AND GLIDERS 

Sedation Tranquillization 

€ Diazepam 0.5-1 mg/kg, IM 

¢ Butorphanol tartrate 0.4-1 mg/kg, subcutaneously (SC) or IM 


Anesthesia 

@ Isoflurane in oxygen (induction, maintenance, or both) 

@ Ket 1-3 mg/kg, IM + Med 20-100 ug/kg, IM, reversal atipamezole 
0.05-0.4 mg/kg, IV 

@ Alfaxalone 5-8 mg/kg IM, 5 mg/kg, IV; rapid short-acting 
anesthesia in common brushtail and common ringtail possums 


WOMBATS 

Sedation or Tranquillization 

@ Diazepam 0.5-1 mg/kg, IM 
e Midazolam at 0.5 mg/kg, IM 


Anesthesia 

* T/Z at 2-9 mg/kg. Effect and duration are dose dependent 

ə Ket 2 mg/kg, IM + Med 125 ug/kg, IM, reversal atipamazole (4 x 
Med dose IM) 

@ 1/Z 3 mg/kg, IM + Med 40 ug/kg, IM, reversal atipamazole 
(5 x Med dose IM) 

@ Alfaxalone 3-5 mg/kg, IM (effect is dose dependent) 

* Isoflurane in oxygen (induction, maintenance, or both) 


BANDICOOTS AND BILBIES 
Sedation or Tranquillization 

@ Diazepam 0.5-1 mg/kg, IM 

@ Midazolam 0.1— 0.2 mg/kg, IM 


Anesthesia 
@ Isoflurane in oxygen (induction, maintenance, or both) 


OPOSSUMS 
Sedation Tranquillization 
€ Diazepam 0.5-2 mg/kg, IM, orally (PO), IV? 


Anesthesia 

@ Isoflurane in oxygen (induction, maintenance, or both) 

e 1/Z 15 mg/kg, IM" 

@ Ket 10 mg/kg, İM + Med 100 ug/kg, IM + butorphanol 0.2 mg/kg 
IM" 

ə Ket 30-50 mg/mg, IM° 

ə Ket 2-3 mg/kg, IM + Med 50-100 ug/kg, İM, reversal atipamezole 
0.05-0.4 mg/kg, IV" 


*Joe Smith, personal communication. 
’Simone Vitali, personal communication. 


‘Doses for Virginia opossum - a euthanasia study so no vital signs and recovery data available. 


“Doses for Virginia opossum./”” 


to enable clear visualization of the ovarian vessels. The vessels are 
clamped and ligated, and the ovary is removed. Complications such 
as pyometra have not been reported. 

Ovariohysterectomy is technically more difficult and risky 
because of limited access and the unique anatomy of the reproduc- 
tive tract. The only indication for the surgery may be therapeutic 
reasons. The approach is as for ovariectomy. A hole is made in the 


broad ligament just lateral but close to the ovaries to avoid catching 
the ureters (which should be visualized). The ovaries are exteriorized 
with gentle traction on the suspensory ligament. The vessels are 
clamped and ligated. Once both ovaries are ligated and detached, 
the broad ligament is torn off, staying as close to the lateral margins 
of the blood vessels as possible to avoid damaging the ureters. The 
uteri are ligated at the immediate proximal end of the cervices (see 


Figure 33-1). They are first ligated separately, and then a single liga- 
ure may be placed around both uteri. Transfixation ligatures may 
be required. Once the uteri are removed, a continuous suture to close 
he stump may be necessary. 

Sterilization of koalas and macropods may also be performed via 
aparoscopic tubal ligation or ovariectomy. The animal is positioned 
as above. Following routine surgical preparation, the abdomen is 
insufflated with carbon dioxide (CO,). Three small incisions are 
made to allow insertion of the grasping forceps, laparoscope, and 
cautery scissors into the caudal abdomen. For tubal ligation, each 
oviduct is visualized and manipulated with the forceps so that tran- 
section and cautery may be achieved. For ovariectomy, the ovary is 
manipulated and elevated with the grasping forceps and removed 
from the ovarian bursa. Electrocautery (with or without endoclips 
for large animals) is used to ligate the ovarian vessels. Laparoscopic 
long-blade scissors are then used to free the ovary from its abdominal 
attachments. Once free, the cannula is retracted through the skin 
incision to allow direct removal of the ovary from the abdominal 
cavity through the incision. 


Orchiectomy and Scrotal Ablation 

The animal is placed in dorsal recumbency. The scrotal septum is 
prominent, and the testicles are removed through separate incisions 
in the scrotum on each side at the most ventral point. A standard 
open castration technique is used. The incisions are left open. For 
scrotal ablation, castration is performed, as described above; however, 
the spermatic cords are severed at as high a point as possible. The 
scrotal pedicle is cut flush with the abdominal wall. The ligated 
spermatic cords are pushed through the incision toward the inguinal 
canal. The wound is closed. Orchiectomy and scrotal ablation in 
sugar gliders with the use of a CO, laser to sever the scrotal stalk 
has been described.” 


Vasectomy 
With the animal in dorsal recumbency, an incision is made, midway 
between the testicle and the abdominal wall, in the skin and tunica 
vaginalis over each spermatic cord on the cranial side of the scrotal 
pedicle. A small portion of the spermatic cord is exteriorized and the 
vas deferens identified, bluntly dissected out, and exposed. A 
segment is removed after ligating proximally and distally to the piece 
being removed. Vas deferens clips may be used. The wounds are 
sutured. 


Orthopedics 


All standard orthopedic principles and techniques may be readily 
applied to fracture repair in marsupials. In macropods, the unique 
anatomy of the hindlimbs and the massive mechanical stresses that 
are placed on the bones of the hindlimbs and pelvic girdle during 
locomotion make adequate stabilization of fractures of these bones 
difficult. The prognosis for successful repair in adult macropods is 
generally poor. Hand-reared PY that may be confined to a pouch 
during convalescence are better candidates for fracture repair. Exter- 
nal fixateurs have been used with success to repair fractured tibias 
in older hand-reared macropods. In small species and perhaps the 
tamest of larger species, fractures of the metatarsi may be repairable 
with either internal or external fixation. 


Miscellaneous Procedures 


Tail amputation has successfully been performed in macropods, with 
the animals adapting well to the loss of the tail, despite the obvious 
reliance on the tail for a pentapedal gait.”””” Standing up from lateral 
recumbency may occasionally be a problem. A standard technique 
for tail amputation is used. 

Cataract surgery in macropods is technically easy; however, many 
cases develop postoperative glaucoma, probably secondary to 
chronic uveitis. The prognosis even with treatment is poor, and many 
cases require globe evisceration or enucleation or euthanasia. In PY 
with galactose-induced cataracts, surgical removal of the lens often 
reveals extensive opacification of the vitreous, making the prognosis 
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for return to normal vision poor. Because of these complications it 
is difficult to justify cataract surgery in macropods.”” 

Conjunctival ablation in koalas may be indicated (as an adjunct 
to topical treatment, systemic treatment, or both) in chronic cases of 
chlamydial disease, where proliferative conjunctivae obscure vision.” 


THERAPEUTICS 


Few pharmacokinetic studies have been conducted in marsupials, 
and drug doses are usually extrapolated from those for domestic 
animals. As a general rule, drugs seem to be well tolerated and 
appear to contribute to improvement in clinical condition. It has 
been proposed that the lower metabolic rate of marsupials should 
be accounted for by reducing dose and frequency of administration 
when extrapolating data from eutherian mammals. Recent studies 
indicate that this is not valid, and some evidence suggests that 
hindgut-fermenting marsupials may have specific mechanisms for 
dealing with plant toxins and xenobiotics.'°*** 

Several pharmacokinetic and efficacy studies on marsupials have 
been published, 1719292397 :383648 The koala studies are consistent 
with what is known about their efficient metabolic pathways and 
also suggest barriers to oral and subcutaneous absorption. 

Very few reports of precautions and adverse drug reactions in 
marsupials are available. Subadult common ringtail possums (Pseu- 
docheirus peregrinus) appear to be particularly sensitive to antibiotics. 
A dysbiotic syndrome leading to wasting and death (similar to that 
seen in other hindgut fermenters) has been reported. In macropods 
there have been anecdotal reports of dysbiosis in macropods, par- 
ticularly after oral administration of antibiotics (particularly penicil- 
lins). Hand-reared PY are prone to developing candidiasis when on 
antibiotics (see Box 33-6). Mebendazole toxicity has been described 
in macropods. ” Wasting and death within 2 to 6 weeks of adminis- 
tration of parenteral oxytetracycline and oral erythromycin has been 
reported in koalas.” Nystatin may induce diarrhea when used at 
higher doses. 


PHYSICAL EXAMINATION 
AND DIAGNOSTICS” 


Physical Examination 


Wherever possible, physical examination should begin with a distant 
observation of the undisturbed animal. Many marsupials are noctur- 
nal, and observation in daylight hours may be unrewarding. Body 
temperature may be obtained by inserting a thermometer into the 
rectum, which opens into the common vestibule dorsal to the uro- 
genital opening. Body temperatures may range from as low as 31°C 
to as high as 38°C (some dasyurids); however, in most marsupials, 
the average is between 35.5°C and 36.5°C. Changes in body condi- 
tion, hydration status, gut fill, and presence of PY in females should 
all be considered when interpreting changes in body weight. A 
numerical body condition scoring system for koalas is available.” 
Hydration is difficult to assess in wombats, as their skin is very thick 
and inelastic and the oral and conjunctival mucosa may appear dry, 
even in a well-hydrated animal. 

The enormous capacity and prolonged retention time of digesta 
in the cecum and colon of koalas and wombats are the reasons that 
healthy koalas have a well-rounded, ovoid body shape and the 
abdomen of wombats feels full and doughy. After a few days of inap- 
petence, the abdominal girth reduces, and the animal becomes 
straight-sided or noticeably concave behind the costal arch. 
Examination of teeth, particularly in diprotodont marsupials, is 
important to assess tooth loss, wear, malocclusion, and disease. 
Advanced tooth loss or wear may be a limiting factor in the recovery 
from illness or be the primary reason for debility in an older animal 
(particularly koalas and macropods). In macropods, molar eruption 
and molar progression may be used to estimate age.” The degree of 
wear of the occlusal surfaces of the upper premolars in koalas is used 
to estimate age.” Uneven tooth wear and malocclusion are often seen 
in wombats because of their continually growing teeth. The sequence 
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of eruption of premolars and molars and their subsequent wear have 
been used to determine age in several species of Didelphidae.” 

It is important to assess for fecal output and consistency. In 
koalas, fecal pellet counts in the order of 90 to 200 pellets (or more) 
per 24 hours are expected in normal koalas, whereas counts less than 
90 per 24 hours may reflect inappetence or compromised GI 
function.” 

The pouch of female marsupials should be examined. Numerous 
superficial lymph nodes are palpable in healthy koalas. These lymph 
nodes should be systematically palpated to detect enlargement and 


asymmetry. 
Clinical Pathology 


Hematology and Biochemistry 
The jugular and cephalic veins are suitable venipuncture sites in 
most marsupials. The femoral vein is suitable in most except mac- 
ropods. The lateral caudal (tail) vein is suitable in macropods, 
possums, some gliders, bandicoots, bilbies, and opossums. Other 
suitable veins include the recurrent tarsal vein (lateral distal tibia) in 
macropods and dasyurids; small saphenous vein (runs vertically 
down the caudal aspect of the lower hindlimb) in koalas; radial, 
medial metatarsal, and caudal tibial veins in wombats; brachial vein 
in wombats and opossums; lateral saphenous vein in possums, 
gliders, bandicoots, bilbies, and opossums; ventral coccygeal vein in 
possums, gliders, small dasyurids, and opossums; medial metatarsal 
vein in dasyurids; and brachiocephalic vein in dasyurids, and 
numbats.20:2735,70 

The cytologic characteristics of the blood cells of Australian mar- 
supials have been described. ° Hematologic and biochemical refer- 
ence ranges for selected marsupial species are presented in Tables 
33-1 to 33-4. Values presented should be regarded as indicative only. 

The hematologic and biochemical responses of marsupials to 
various physiologic and pathologic states have been poorly studied. 
Changes in marsupials frequently belie the severity of the underlying 
pathology.’ Early PY have fetal hematologic characteristics, with up 


to 100% nucleated erythrocytes at 1 day of age in some species, 
decreasing over time. Age may also influence leukocyte concentra- 
tions. PY have leukocyte characteristics different from those of 
adults. This varies among species, some having immature and mature 
myeloid cells with occasional large lymphocytes predominating and 
immature and mature neutrophils predominating in others. Differ- 
ential leukocyte concentrations approach that of the adult by mid- 
to-late pouch life.” 


Parasitology 
Examinations for endoparasites, ectoparasites, and hemoparasites are 
he same as in other taxa. 


Urinalysis 

Urine collection may be difficult in marsupials. With patience, free- 
flowing midstream samples may be collected from tractable animals. 
Urine may also be collected off the floor or by stimulating the 
common vestibule in PY. The bladder may be difficult to palpate in 
macropods, wombats, and koalas, as it often lies within the pelvis 
and between the epipubic bones. Urine may be collected by express- 
ing the bladder if it is palpable or by ultrasound-guided cystocente- 
sis. The urethral opening in female marsupials is inaccessible for 
catheterization. Catheterization in male marsupials should only be 
attempted with the animals under anesthesia. Male macropods and 
koalas are difficult to catheterize (see Unique Anatomy and Physiol- 
ogy, Urinary System). In the koala, gentle traction to straighten the 
penis during insertion of the catheter usually facilitates passage of 
the catheter. The urethral sinus is typically the more problematic 
area, and cautious exploratory movements of the catheter tip may 
be required to gain entry to the bladder. The appearance of urine 
varies with species; however, occasionally red urine may be pro- 
duced by healthy individuals but is negative for blood. This is most 
likely caused by the presence of plant pigments. Urine specific 
gravity is also highly variable among species and may range from 
1.010 to 1.045 (macropods), 1.020 to 1.035 (wombats), 1.011 to 


TABLE 33-1 
Eastern Gray Matschie"s Tree Red-Necked Wallaby Virginia Opossum 
Parameter Kangaroo (n)”” Red Kangaroo (n)” Kangaroo (n)” (n = 47)” (n = 17-120)" 
Packed cell volume, liter per 0.45 + 0.06 (52) 0.48 + 0.07 (216) 0.45 + 0.07 (198) 0.40-0.56 0.418 + 0.068 
liter (L/L) 
Red blood cells (x 1017/L) 5.8 + 0.8 (49) 5.2 + 0.8 (183) 5.8 + 0.8 (150) 4.4-6.6 5.19 + 1.73 
Hemoglobin, gram per liter (g/L) 154 + 21 (49) 171 + 26 (195) 158 + 23 (164) 140-197 137 + 22 
Mean corpuscular volume, 78 +7 (49) 93 + 7 (182) 79 + 6 (148) 77-93 84.1 + 16.9 
femtoliters (fL) 
Mean corpuscular hemoglobin, 27 + 3 (49) 33 + 3 (176) 27 + 3 (150) 27-33 27444 
picogram (pg) 
Mean corpuscular hemoglobin 345 + 13 (49) 354 + 23 (195) 349 + 20 (162) 345-376 329 + 24 
concentration (g/L) 
Nucleated RBC / 100 WBC 1.0 + 1.0 (9) 1.0 + 2.0 (63) 5 + 8 (52) 0.0-0.1 343 
White blood cells (x 10°/L) 6.28 + 3.04 (53) 4.87 + 1.82 (208) 5.16 + 2.74 (197) 3.50-10.50 12.30 + 6.711 
Neutrophils (x 109/L) 3.57 + 2.18 (52) 2.71 + 1.61 (187) 2.34 1.62 (194) 1.10-5.00 4.142 + 3.466 
Lymphocytes (x 109/L) 2.49 + 1.43 (53) 1.95 + 1.19 (195) 2.35 + 1.6 (195) 1.60-5.30 6.529 + 4.349 
Monocytes (x109/L) 0.17 + 0.12 (50) 0.12 + 0.11 (154) 0.21 + 0.23 174) 0.00-0.60 0.356 + 0.305 
Eosinophils (x109/L) 0.13 + 0.09 (45) 0.10 + 0.11 (132) 0.22 + 0.19 (169) 0.00-0.50 1.392 + 1.279 
Basophils (x109/L) 0.06 + 0.01 (6) 0.03 + 0.04 (42) 0.06 + 0.06 (60) 0.00-0.20 0.203 + 0.176 
Platelets (x10°/L) 186 + 93 (28) 221 + 108 (56) 179 + 114 (17) 136-485 0.30 + 0.14 


For other species of macropod, see Vogelnest and Portas (2008)”” for other species of opossums, see Rothstein and Hunsaker (1972 


et al. (2010).'° 


)° and Evans 
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TABLE 33-2 —— 


Koala" Southern Hairy-Nosed Tasmanian Devil Spot-Tailed Quoll Sugar Glider 

Parameter (n = 14—120)”) Wombat (n = 14)" (n — 1-16)31 (n = 1-10)" (n = 18)" 
Packed cell volume (L/L) 0.359 £ 0.047 0.40+0.04 0.37 + 0.07 0.49 + 0.05 0.34-0.50 
Red blood cells (x 1017/L) 3.46 + 0.44 5.1+0.6 6.25 + 2.19 8.05 + 0.74 6.3-9.8 (n = 17) 
Hemoglobin (g/L) 114+ 14 142+ 14 137 +22 175 + 10 122-185 
Mean corpuscular volume (fL) 104.3 + 7.4 79+4 64.5 + 15.3 61.0 + 4.1 48-70 (n = 17) 
Mean corpuscular hemoglobin (pg) 39.7 P 2:5 27.8 + 1.4 23.7 + 7:0 21.8 * 2.9 17.8-22.3 (n = 17) 
Mean corpuscular hemoglobin 318 + 23 350 + 15 366 + 38 358 + 40 315-394 

concentration (g/L) 
Nucleated RBC / 100 WBC 9+ 10 0 1+0 
White blood cells (x 10°/L) 6.18+2.483 11.443.3 6.019 + 2.481 4.463 + 2.979 1.3-19.8 
Neutrophils (x10°/L) 2.869+1.766 65+2.7 3.749 + 2.170 1.526 + 0.577 0.18-4.4 
Lymphocytes (x10°/L) 2.890+1.728 4342.0 2.187 + 1.107 1.634 + 0.946 1.12-17.8 
Monocytes (x105/L) 0.203 + 0.138 0.4+40.4 (n= 11) 0.102 + 0.067) 0.199 + 0.150 0.06-0.69 (n = 14) 
Eosinophils (x10%/L) 0.165+0.166 0.3 £ 0.2 (n= 11) 0.163 + 0.28 0.151 + 0.158 0.3-0.99 (n = 13) 
Basophils (x10°/L) 0.072+0.037 0.1 + 0.02 (n = 6) 0.100 + 0.000 0.014 + 0.024 0-0.04 (n = 13) 
Platelets (x10°/L) 160 + 70 226 + 26 342 + 69 530-860 (n = 3) 


For other species see Vogelnest and Woods (2008).’° 
*Blanshard and Bodley (2008)° provide additional reference ranges for male, female, wild and captive koalas. 


TABLE 33-3 
Eastern Gray Matschie’s Tree 
Parameters Kangaroo” Red Kangaroo” Kangaroo” Red-Necked Wallaby" Virginia Opossum” 
Glucose millimole per 5.9 + 1.7 (52) 7.0 + 2.1 (181) 4.9 + 1.6 (190) 5.9 + 2.2 (158) 5.439 + 1.610 (94) 
liter (mmol/L) 
Urea (mmol/L) 8.6 + 2.9 (52) 8.6 + 2.9 (188) 8.6 + 1.8 (191) 8.9 + 2.5 (156) 12.14 + 2.856 (100) 
Creatinine micromole per 133 + 53 (52) 133 + 44 (185) 106 + 27 (184) 106 + 35 (155) 53 + 27 (92) 
liter (mol/L) 
Uric acid (mmol/L) 0.04 + 0.03 (8) 0.04 + 0.04 (78) 0.03 + 0.02 (63) 0.04 + 0.03 (57) 0.024 + 0.018 (23) 
Calcium (mmol/L) 2.48 + 0.23 (49) 2.65 + 0.30 (184) 2.23 + 0.18 (183) 2.58 + 0.23 (155) 2.58 + 0.25 (95) 
Phosphorus (mmol/L) 2.45 + 0.65 (44) 2.36 + 0.71 (169) 1.97 + 0.65 (175) 2.39 + 0.78 (132) 2.52 + 0.81 (84) 
Sodium (mmol/L) 141 + 4 (44) 144 + 5 (170) 140 + 4 (167) 141 + 5 (136) 141 + 5 (73) 
Potassium (mmol/L) 4.2 + 0.8 (46) 4.8 + 1.0 (170) 4.5 + 0.8 (166) 4.8 + 1.2 (136) 4.2 + 0.7 (73) 
Chloride (mmol/L) 102 + 5 (44) 98 + 4 (137) 103 + 4 (144) 97 + 5 (129) 103 + 6 (68) 
Bicarbonate (mmol/L) 28.3 + 4.5 (7) 25.5 + 3.5 (22) 16.7 + 3.6 (9) 22.1 + 6.5 (26) 25.1 + 4.7 (11) 
Cholesterol (mmol/L) 2.25 + 0.67 (35) 2.31 + 0.67 (144) 4.17 + 1.19 (159) 2.20 + 0.67 (141) 3.367 + 1.166 (85) 
Triglycerides (mmol/L) 0.57 + 0.53 (16) 0.69 + 0.74 (94) 0.66 + 0.42 (74) 0.75 + 0.50 (96) 1.582 + 1.367 (40) 
Total protein gram per 60 + 8 (45) 64 + 10 (172) 68 + 8 (171) 62 + 12 (137) 60 + 9 (95) 
liter (g/L) C 
Albumin (g/L) C 38 + 5 (39) 42 + 9 (167) 47 + 6 (161) 41 +8 (114) 27 + 6 (81) 
Globulin (g/L) C 23 + 6 (39) 23 + 11 (162) 23 + 10 (159) 25 +11 (112) 33 + 8 (80) 
T. bilirubin (umol/L) 3.0 + 2.0 (42) 343172) 3+2 (164) 3 + 5 (136) 7+3 (78) 
D. bilirubin (umol/L) 3 +2 (21) 0 + 2 (40) 2 + 2 (38) 243143) 2 + 2: (211) 
|. bilirubin (umol/L) 2+ 2 (21) 2 + 2 (40) 2+ 2 (37) 2+ 2 (42) 5 +3 (21) 
ALP unit per liter (Unit/L) 1037 + 775 (46) 824 + 648 (171) 897 + 765 (175) 1186 + 1071 (131) 513 + 526 (81) 
ALT (Unit /L) 56 + 32 (39) 49 + 28 (176) 7+7 (157) 45 + 26 (128) 43 + 33 (95) 
LDH (Unit /L) 95 + 52 (17) 155 + 127 (88) 419 + 227 (81) 578 + 531 (79) 181 + 158 (35) 
GGT (Unit /L) 18 + 9 (35) 6 + 6 (83) 68 + 42 (104) 46 + 30 (73) 11 +8 (45) 
AST (Unit /L) 60 + 25 (49) 104 + 65 (179) 45 + 25 (173) 88 + 71 (136) 153 + 90 (92) 
CK (Unit /L) 747 + 762 (28) 638 + 569 (89) 200 + 299 (83) 1371 + 1819 (48) 1803 + 1206 (46) 
Amylase (Unit /L) 87 + 51 (14) 74 + 34 (78) 43 + 26 (68) 68 + 31 (75) 36.63 + 12.58 (32) 


Continued 
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TABLE 33-3 

Eastern Gray Matschie’s Tree 
Parameters Kangaroo” Red Kangaroo” Kangaroo” Red-Necked Wallaby" Virginia Opossum™ 
Lipase (Unit/L) 64.0 + 130.0 (9) BEL VAT (17) 25 + 25 (14) 12.5 + 10.8 (18) 17.51 + 34.75 (10) 
Fibrinogen (g/L) 1.3 + 0.5 (17) 1.8 + 1.0 (33) 1.4 + 1.2 (23) 1.1 + 0.8 (10) 
Thyroxine nanomole per 12 + 6 (6) 21 +10 (7) 


liter (nmol/L) 


For other species of macropod, see Vogelnest and Portas (2008); for other species of opossums, see Rothstein and Hunsaker (1972)”” and Evans et al 
(2010).” 


TABLE 33-4 m. 


Southern Hairy-Nosed 


Koala Wombat Tasmanian Devil Spot-Tailed Quoll Kowari Sugar Glider 
Parameters (n= 12-101)" (n =1⁄4) (n = 1-16)" (n = 1-10)" (n — 1-11)" (n = 18)" 
Glucose millimole per 5.72 + 1.61 5.541.7 6.27 + 1.33 5.88 + 0.94 7.99 + 3.55 
liter (mmol/L) 
Urea (mmol/L) 4.64 + 1.79 10.0 + 3.9 11.78 + 3.57 15.35 + 1.428 26.42 + 8.21 1.3-6.5 (13) 
Creatinine micromole per 115+27 230 + 40 (11) 62+18 88+18 27+18 27-106 (7) 
liter (mol/L) 
Calcium (mmol/L) 2.63 + 0.2 2.3 + 0.13 (11) 2.28 + 0.18 2.33 + 0.28 2.05 + 0.23 0.3-2.4 ( 6) 
Phosphorus (mmol/L) 1.32 + 0.39 1.36 + 0.36 (10) 1.74 + 0.48 2.26 + 0.36 1.81 + 0.42 1.62-3.29 (6) 
Sodium (mmol/L) 138+3 142 + 2 (11) 14845 147 +2 150 +0 137-147 (5) 
Potassium (mmol/L) 4.5 + 0.7 4.1 + 0.5 (11) 5.2 + 2.1 4.4 + 0.6 4.4 + 0 2.7-4.4 (5) 
Chloride (mmol/L) 100+4 101 +4 (11) 11644 115+3 112+0 100-107 (5) 
Bicarbonate (mmol/L) 20.0+ 4.4 
Cholesterol (mmol/L) 1.943 +0648 2.5+0.6 (11) 3.42 + 0.78 3.81 + 0.8 2.02 + 0.23 2.6-6.4 (6) 
Triglycerides (mmol/L) 1.797 + 0.588 
Total protein (g/L) C 6645 60+6 64414 48 +7 
Total protein (g/L) R 62.0 + 5 (13) 48-71 (12) 
Albumin (g/L) C 41+6 34.0 + 3.0 (10) 33 +3 40+2 2845 32-48 (7) 
Globulin (g/L) C 25+6 30.0 + 6.0 (9) 2737 2145 1842 15-34 (6) 
T. bilirubin micromole 343 5.1 + 3.4 14 + 14 suz 1043 2-10 (12) 
per liter (umol/L) 
D. bilirubin (umol/L) 0-0 5+5 7+£0 
|. bilirubin (umol/L) 222 19+ 21 0 
Alkaline phosphatase 203 + 141 266 + 125 (10) 104 + 66 46+ 11 53 + 24 148-432 (6) 
unit per liter (U/L) 
Alanine aminotransferase i 7 69 + 32 (13) 26+9 24+ 14 123 + 66 28-187 (13) 
(U/L) 
Lactate dehydrogenase 271 + 140 493 + 207 210-274 (3) 
(U/L) 
Gamma glutamyl 10+5 7-15 (4) 
transpeptidase (U/L) 
Aspartate 21+ 10 39 + 23 87 + 50 150 + 85 152 + 96 19-275 (15) 
aminotransferase (U/L) 
Creatine kinase (U/L) 271 + 246 641 + 587 (9) 1152 + 1210 288 +0 895+ 1883 224-1463 ( 5) 
Amylase (U/L) 7.96 + 2.96 
Lipase (U/L) 3.89 + 2.50 
Fibrinogen g/L) 1.08 + 0.57 0.03 + 0.00 1.51.0 10421 


Thyroid hormone (T4) 0.49 + 0.15 (n-4) 5 
microgram per deciliter 


(ug/dL) 


rx... rr rs rtt “uu 
For other species, see Vogelnest and Woods (2008). 


1.030 (brushtail possum), 1.034 to 1.040 (ringtail possum), and 
greater than 1.060 in koalas. Crystals may be seen in the urine of 
healthy animals in some species. Koala urine usually gives a false- 
positive reaction to ketones on reagent strips. 


Cerebrospinal Fluid Tap 

Cerebrospinal fluid (CSF) may be collected from the lumbar epidural 
space between the midlumbar to cranial lumbar vertebrae in walla- 
bies. Cisternal CSF tap in the koala is relatively straightforward.” 


Abdominal Paracentesis and Bone Marrow Aspiration 

in the Koala 

Abdominal fluid is useful in the diagnosis of neoplastic and other 
disorders. Bone marrow aspiration is used to confirm myelodysplas- 
tic disorders and assists with disease staging and assessment of 
prognosis in cases of lymphoid neoplasia. The wing of the ilium is 
the most useful site; however, the greater tubercle of the humerus is 
a reasonable alternative.” 


Imaging 

Digital radiography, ultrasonography, computed tomography (CT), 
and magnetic resonance imaging (MRI) are all applicable in marsu- 
pial medicine. Radiographically, the entire abdomen of healthy 
koalas has a “ground glass” appearance and contains only scant 
amounts of gas, in reasonably evenly distributed small bubbles. 
Individual organs cannot usually be identified. This lack of contrast 
is caused by the absence of intraabdominal fat, and the cecum and 
proximal colon occupy the ventral and ventrolateral portions of the 
entire abdomen. Small quantities of oral barium sulfate given a few 
hours before abdominal radiography may be a useful marker to help 
assess gastric emptying and may also enhance interpretation by 
providing some contrast between loops of bowel." 

Organs of marsupials are ultrasonographically comparable with 
those of domestic species; however, the epipubic bones may interfere 
with examination of the lower genital tract. In some species, lower 
abdominal examination is facilitated by inserting the transducer into 
the pouch. 

CT and MRI are particularly useful for diagnosis of craniofacial 
tumors and cryptococcal granulomas in koalas.’ 


DISEASES 


This section will focus on important diseases of marsupials. For a 
more comprehensive list and further detail, readers are referred to 
Vogelnest and Woods (2008), Ladds (2009), and the resources 
of the Australian Wildlife Health Network (www.wildlifehealth 
australia.com.au) and the Australian Registry of Wildlife Health 
(www.arwh.org). 


Infectious Diseases 


Important viral, bacterial, and fungal diseases of marsupials are 
described in Boxes 33-4 through 33-6. 


Parasitic Diseases 


Free-ranging marsupials are hosts to a spectacular array of parasites, 
found in almost all organ systems. The majority have little or no 
impact on the health of the animal. Any pathology is usually an 
incidental finding at necropsy. In some cases, even heavy burdens of 
parasites appear to be well tolerated. Important diseases caused by 
protozoa and ectoparasites are described in Boxes 33-7 and 33-8. 
Many species of hematozoa and louse and some species of hippo- 
boscid fly are found on marsupials. The helminth parasites of mar- 
supials have been listed, described, and discussed elsewhere." 
Many species of nematodes may be found in the stomach 
of macropods. Some such as Strongyloides spp. may cause severe 
inflammation and erosive gastritis. Deaths associated with this 
parasite have occurred in captive macropods. Globocephaloides 
spp. occurs in the duodenum of macropods and feeds on blood, 
causing anemia and hypoproteinemia. Large numbers may kill 
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captive juvenile kangaroos in situations of high population density. 
Hypodontus macropi has been associated with enteritis and death 
in macropods. Marsupiostrongylus spp. are common parasites of 
possums and gliders and have been associated with severe verminous 
pneumonia in common brushtail possums. The filarioid nematode 
Pelecitus roemeri occurs in the subcutaneous and intermuscular con- 
nective tissues of the hindlimbs, especially around the stifle joint of 
macropods. 
Neurologic disease associated with the rat lungworm Angiostron- 
gylus cantonensis has been reported in macropods, possums, a Tas- 
manian devil, and a bilby.**” Infection follows the ingestion of 
third-stage larvae in several species of land mollusks (intermediate 
hosts), paratenic hosts, or possibly larvae in snail mucous trails. 
Larval stages of an ascarid nematode of pythons, Ophidascaris 
robertsi, occur commonly in the tissues and organs of dasyurids 
and bandicoots. Their large size (7-8 cm long) and activity may be 
highly debilitating, with the worms sometimes protruding through 
the skin. 

Numerous species of capillariid nematodes belonging to the 
genus Eucoleus occur in practically all epithelial tissues of bandicoots. 
In some cases, these and other endoparasites may be implicated as 
the cause of enteritis and diarrhea. Attempts at eliminating capillariid 
nematodes in bandicoots using various anthelmintics are generally 
unrewarding. Three nematodes, Physaloptera (Turgida) turgida, 
Cruzia americana, and Didelphostrongylus hayesi, have been reported 
to cause significant morbidity and mortality in Virginia opossums 
(Didelphis virginiana) when present in large numbers.” 

Common wombats infected with Fasciola hepatica tend to exhibit 
extreme (more than in most other marsupials) fibrosis of the bile 
ducts and liver parenchyma. Similar, but less severe, pathology is 
seen in small macropods and common brushtail possums. Cysts of 
Echinococcus granulosus are common in the lungs of a variety of free- 
ranging macropod species. Australian marsupials may serve as inter- 
mediate hosts for the cestode Spirometra erinacei. 


Noninfectious Diseases 


Possibly the most important noninfectious cause of morbidity and 
mortality in free-ranging marsupials is trauma. The incidence in 
captive animals is lower; however, macropods, because of their often 
flighty nature, are an exception. Obesity and associated health effects 
are common in captive marsupials. Other nutrition-related disorders 
such as metabolic bone disease are also reported. A wide range of 
neoplastic diseases have been reported in all marsupial orders; 7° 
however, the dasyurids are disproportionately overrepresented. Of 
special note is the Tasmanian devil facial tumor disease, which is 
having a significant impact on species survival. Gliders, particularly 
feathertail gliders, have a propensity to develop tumors in association 
with transponder implants. It is recommended that alternative forms 
of identification be used in gliders.” Important noninfectious dis- 
eases of significance are described in Box 33-9. 


Toxicities 
Important toxicities reported in marsupials include sodium mono- 
fluoroacetate (active ingredient of 1080 vertebrate poisons), bufotox- 
ins (toxin of the cane toad, Bufo marinus), pindone (anticoagulant 
lagomorphicide), mebendazole toxicity, and tick paralysis (I 
holocyclus). ° 


Syndromes of Uncertain Etiology 


A few syndromes 
Box 33-10. 


of uncertain etiology are described in 


REPRODUCTION 


The typical marsupial pattern of reproduction is a brief gestation, 
birth of altricial young, and an extended and sophisticated lactational 
phase, a significant proportion of which is spent in the pouch. In all 
marsupials, and unlike in eutherian mammals, conception does not 

Text continued on p. 272 
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BOX 33-4 Infectious Diseases: Viruses 


P0X?”/UNCHARACTERIZED GENERA, ORTHOPOXVIRUS IN COMMON 

RINGTAIL POSSUMS 

Species Macropods, common ringtail and common 
brushtail possums 

Inhalation, penetration of the skin or oral 
mucosa through microabrasion or arthropod 
vectors 


Transmission 


Clinical signs Solitary or multiple, variably sized, nodular 
exophytic lesions, typically on extremities (tail, 
head, and feet) 

Juveniles or subadults most commonly 
affected 

Pathology Epidermal hyperplasia, eosinophilic 
intracytoplasmic inclusions displacing the 
nucleus of keratinocytes 

Management Typically self-limiting, resolution in uncomplicated 


cases in 2-3 months, surgically debriding larger 
lesions may hasten resolution 

Topical or systemic antibiotic, antiseptic and 
anti-inflammatory therapy 


MACROPODID HERPESVIRUS”””/ALPHAHERPESVIRUS (MAHV1, 2), 

GAMMAHERPESVIRUS (MAHV3) 

Species Macropods 

Transmission Direct contact and possibly aerosol over short 
distances 

MaHV1,2: sudden death, depression, pyrexia, 
dyspnea, stridor, incoordination, cutaneous 
and mucosal erythema, conjunctivitis, oral, 
common vestibule and penile vesicles and 
ulceration 

MaHV3: mild disease with anogenital 
ulcerations only to respiratory disease, 
lethargy, inappetence, ataxia, death in some 
cases 

Pulmonary congestion and edema, conjunctivitis, 
mesenteric lymph node enlargement, hepatic 
and splenic congestion, multiple pale hepatic 
foci, diphtheritic plaques on mucosa of 
esophagus and stomach, focal ulceration and 
necrosis of genitalia 

Low-grade interstitial pneumonia, generalized 
multifocal necrosis, severe hepatitis 
characterized by multifocal necrosis and the 
presence of intranuclear acidophilic or 
basophilic inclusion bodies within 
hepatocytes 

Supportive care 

Isolation of positive animals 


Clinical signs 


Pathology 


Management 


ENCEPHALOMYOCARDITIS VIRUS”/CARDIOVIRUS OF THE 

FAMILY PICORNAVIRIDAE 

Species Macropods, wombats 

Transmission Rodent reservoir 

Oral, intranasal, intratracheal, aerosol, 
contamination of wounds 

Sudden death, ataxia, depression, dyspnea, and 
other signs referable to cardiomyopathy 


Clinical signs 


Pathology Hepatic and pulmonary congestion, petechial 
pulmonary hemorrhage, pallor of cardiac 
muscle 

Myocardial necrosis with mononuclear cell 
inflammation, pulmonary and splenic 
congestion, depleted follicular lymphocytes in 
lymph nodes 


Management Rodent control, vaccination 


TAMMAR SUDDEN DEATH SYNDROME™/EUBENANGEE SEROGROUP 

OF THE ORBIVIRUS GENUS 

Species Tammar wallabies 

Transmission Insect vectors 

Clinical signs | Sudden death, lethargy, depression, ataxia, 
weakness, lateral recumbency, muscular 
fasciculations, tachypnea 

Pulmonary congestion, mottled hepatic 
parenchyma, hindlimb and inguinal 
subcutaneous edema, extensive hemorrhage in 
fascial planes and skeletal muscle of hind limb 
adductors, inguinal region, ventral thorax, dorsal 
cervical region, perirenal retroperitoneal area 

Marked diffuse pulmonary and hepatic congestion 
and lympholysis within lymphoid germinal 
centers 

Control and repel insect vectors 


Pathology 


Management 


KOALA RETROVIRUS (KORV)*/TYPE € ENDOGENOUS GAMMA- 

RETROVIRUS (SEVERAL VARIANTS NOW IDENTIFIED) 

Species Koalas 

Transmission Vertical, possibly horizontal 

Clinical signs | Asymptomatic 

Neoplasia. Signs depend on site and nature of 
tumor (multicentric lymphosarcoma, alimentary 
lymphosarcoma, primary lymphoid leukemia, 
miscellaneous forms) 

Neoplastic disease (aplastic anemia, 
myelodysplastic disorders, leukemia, 
lymphoma), diseases suggestive of 
immunodeficiency such as stomatitis, glossitis 
and pharyngitis, fungal dermatopathies, and 
some gastrointestinal disorders 

Supportive care, euthanasia 


Pathology 


Management 


CHRONIC MENINGOENCEPHALITIS/WOBBLY POSSUM SYNDROME/ 
POSSIBLE NIDOVIRUS FAMILY ARTERIVIRIDAE”’ 


Species Common brushtail possums 
Transmission Unknown 
Clinical signs Slowly progressive disease 
Depression, ataxia, blindness, dilated pupils 
(Australian form) 
Wasting, progressive neurologic signs (ataxia, 
docility, incoordination), death (NZ form) 
Pathology Nonsuppurative meningoencephalitis, with uvea, 


optic nerve, optic tract, retina, and cerebellum 
often involved (Australian form) 

Meningoencephalitis, mononuclear inflammation 
of other organs, including the liver, kidneys, 
spleen, lungs, bladder, heart, lymph nodes and 
muscle (NZ form) 


BOX 33-5 Infectious Diseases: Bacteria 
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MYCOBACTERIOSIS/MYCOBACTERIUM AVIUM, M. AVIUM SUBSP. 
PARATUBERCULOSIS, M. INTRACELLULARE, M. ULCERANS, M. CHITAE, 
M. FORTUITUM, M. SMEGMATIS, M. ABSCESSUS, VARIOUS OTHER 
ATYPICAL MYCOBACTERIA 

Species Macropods, koalas, dasyurids, numbats, 
bandicoots, possums 

Inhalation, puncture (bite) wounds, abrasions 

Depends on location of lesions and often only 
evident late in disease: weight loss, dyspnea, 
lameness, abscesses, neurologic signs, 
blindness, ulcerative to granulomatous skin 
lesions 

Lesions evident in a range of organs with lungs, 
long bones, spinal column, liver, spleen, lymph 
nodes, and skin most frequently involved 

Pyogranulomatous inflammation, necrosis, 
mineralization, acid-fast bacilli (AFB) 

Surgical resection of localized subcutaneous 
abscesses, ulcerative or granulomatous skin 
lesions, antituberculous drugs 

Prognosis generally poor; euthanasia is 
recommended 


ORAL NECROBACILLOSIS (LUMPY JAW)/FUSOBACTERIUM 
NECROPHORUM, OTHER MIXED BACTERIA (MULTIFACTORIAL ETIOLOGY: 
ENVIRONMENTAL CONTAMINATION, ANAEROBIC CONDITIONS, 
IMPAIRED HOST RESISTANCE, MUCOSAL DISRUPTION, DIET, REDUCED 
DENTAL EXERCISE, ORAL/DENTAL TRAUMA, MOLAR PROGRESSION 
PREDISPOSES) 
Species 


Transmission 
Clinical signs 


Pathology 


Management 


Macropods (red kangaroos, red-necked wallabies, 
eastern gray kangaroos overrepresented) 

Affected animals may contaminate environment, 
food, water 

Mandibular or facial swelling, draining sinuses, 
inappetence, dysphagia, halitosis, ptyalism, 
ocular discharge, blepharospasm, conjunctival 
hyperemia, unilateral nasal discharge 

Signs of systemic illness may be apparent 
following hematogenous spread and will 
reflect location of secondary abscesses 

Periodontitis, alveolitis, osteomyelitis 

Early lesions: soft tissue cellulitis, surrounding a 
necrotic core 

Chronic lesions: extensive and expansive 
subperiosteal bone necrosis and proliferation 

A common sequela is the presence of abscesses 
in visceral organs 

Tooth extraction, surgical debridement of 
necrotic bone, establish drainage, copious 
lavage with saline and topical chlorhexidine 
(solution, gel or varnish) 

Initial, frequent and aggressive therapy under 
anesthesia improves success 

Antimicrobial therapy (clindamycin, metronidazole, 
oxytetracycline, penicillin) continued until after 
complete resolution of lesions 

Analgesia, neuroleptics 

Euthanasia of advanced cases 

Control of predisposing factors; vaccination 


BORDETELLA BRONCHISEPTICA RHINITIS/PNEUMONIA 

Species Macropods, koalas, opossums 

Transmission Inhalation of aerosols, direct contact, contact 
with nasal secretions 


Transmission 


Clinical signs 


Pathology 


Management 


Clinical signs Serous to mucopurulent nasal discharge, 
intermittent sneezing, coughing, increased 
respiratory effort, reduced exercise tolerance, 
weight loss, with or without diffuse, audible 
crackles on thoracic auscultation 

Suppurative inflammation, marked mucosal 
congestion, ulceration and necrosis of the soft, 
cartilaginous, and bony tissues of the nasal 
passages and sinuses 

Peritracheal inflammation and marked pulmonary 
congestion and consolidation 

Long-term antibiotic treatment as indicated by 
culture and susceptibility, symptomatic therapy 
(nebulization with acetyl cystine + antibiotics in 
saline, bromhexine hydrochloride, thermal 
support) 

Vaccination using commercial canine 
vaccines 

Isolate affected animals for treatment during 
outbreaks 


TETANUS/CLOSTRIDIUM TETANI 

Species Macropods 

Transmission Spores enter body following penetrating injuries 
or contamination of wounds 

Recumbency, marked opisthotonos, muscular 
rigidity with clonic spasms, tetanic spasms 
precipitated by sensory stimulation, protrusion 
of nictitating membranes, ptyalism caused by 
inability to swallow, sudden death 

Pulmonary congestion, rupture of hindlimb 
musculature 

Treatment rarely successful 

Supportive care, tetanus antitoxin, penicillin, 
benzodiazepines 

Vaccination 


SALMONELLOSIS/SALMONELLA SPP. 

Species Macropods, dasyurids, numbats, possums, 
bandicoots, opossums 

Asymptomatic carriers, fecal-oral route 


Pathology 


Management 


Clinical signs 


Pathology 


Management 


Transmission 


Clinical signs Semi-formed feces through to hemorrhagic 
diarrhea, colic, anorexia, dehydration, lethargy, 
sudden death 

Pathology Gastroenteritis, septicemia 

Hemorrhagic enteritis, extensive mucosal and 
submucosal necrosis 

Management Antibiotics, opioid analgesia, fluids 


Isolate affected animals during treatment 


POUCH INFECTION/PSEUDOMONAS AERUGINOSA, KLEBSIELLA SPP., 
PROTEUS SPP., VARIOUS OTHER BACTERIA, CANDIDA ALBICANS 


Species Macropods, koalas 

Clinical signs Death of pouch young (PY) (in or out of the 
pouch), moist dirty fur around pouch opening, 
greasy pouch, pouch discharge, odor 

Pathology Mild dermatitis to pyoderma with pustules, 
ulceration, and exudate 

Management — Lavage pouch with antimicrobial solution, topical 


antimicrobial cream or ointment, systemic 
antibiotics in severe cases 


CHLAMYDIOSIS*/CHLAMYDIA PNEUMONIA, C. PECORUM 
Species Koalas 
Transmission Contact, aerosol, venereal 


Continued 
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BOX 33-5 Infectious Diseases: Bacteria—cont’d 


Clinical signs 


Pathology 


Management 


Asymptomatic 

Unilateral or bilateral acute to chronic 
keratoconjunctivitis 

Brown stained wet fur around common vestibule 
and rump, dysuria, tenesmus, hematuria, urine 
scalding 

Debilitation, infertility 

Keratoconjuctivitis 

Urethritis, cystitis, ureteritis, hydroureter, 
hydronephrosis, pyogranulomatous chronic 
interstitial nephritis, chronic urogenital sinusitis 

Unilateral or bilateral inflammation and fibrosis of 
various parts of the reproductive tract, cystic 
enlargement of the ovarian bursa 

Systemic antichlamydial antimicrobials 
(enrofloxacin, chloramphenicol), with or 
without topical for ocular disease (with or 
without corticosteroids) 

Conjunctival ablation (in severe chronic 
keratoconjunctivitis) 

Analgesic and anti-inflammatory drugs, 
supportive care (fluids, supplement feeding), 
cleaning eyes and perineal soiling 


YERSINIOSIS/YERSINIA PSEUDOTUBERCULOSIS 


Species 
Transmission 


Clinical signs 


Macropods, possums, gliders 

Wild birds and rodents are likely sources 

Ingestion of contaminated food or water 

Acute: diarrhea (melena), dehydration, 
depression, septicemia, death 

Chronic: wasting, multisystemic abscessation 


Pathology Enteritis and septicemia, or subacute to chronic 
multisystemic abscessation 
Necrotic foci in the intestine, liver, spleen, 
kidneys, lungs, and mesenteric lymph nodes 
Management Poor prognosis 
Pest prevention; improved hygiene and 
husbandry 


PASTEURELLOSIS'/PASTEURELLA MULTOCIDA 

Species Macropods, possums, gliders, opossums 

Transmission Normal upper respiratory and oral bacterial 
fauna 

Bites or scratches from animals carrying the 
bacteria 

Clinical signs Purulent to necrotizing gingivitis, mandibular 
osteomyelitis, and conjunctivitis (macropods), 
purulent otitis, abscesses, lethargy, lameness, 
neurologic signs (head tilt, ataxia) 

Pathology Otitis media or interna, meningitis, 
meningoencephalitis, abscessation, 
lymphadenomegaly, pulmonary edema, 
bronchopneumonia, fibrinous 
pleuropneumonia, hepatic and splenic 
congestion, ascites, gastrointestinal 
hemorrhage 

Management Treatment is generally unrewarding 

Early and aggressive antibiotic therapy may be 
successful in preventing abscessation and 
septicemia in bitten possums 


Other important bacterial diseases reported in marsupials: tuberculosis (M. bovis) in common brushtail possums in New Zealand, erysipelas, mellioidosis, 
leptospirosis, Tyzzer"s disease (Clostridium piliforme), botulism, enterotoxaemia (Clostridium perfringens), nocardiosis, infectious dermatitis in Virginia 
opossums (cause of “Crispy ear”). 


BOX 33-6 Infectious Diseases: Fungi 


CANDIDIASIS/CANDIDA ALBICANS, OTHER CANDIDA SPP. 


Species 


Transmission 
Clinical signs 


Pathology 


Macropods, koalas, possums, gliders; common 
in hand-reared pouch young (PY) and animals 
on antibiotics 

Normal flora 

Cutaneous: erythema, crusting, fissures, plaques, 
characteristic sweet odor 

Gastrointestinal: oral plaques + shallow 
ulceration, ptyalism, crusting lesions around 
lips, yellow diarrhea with characteristic sweet 
odor, oral discomfort resulting in rejection of 
teat, inappetence, anorexia, weight loss, failure 
to thrive 

Affects the superficial layers of squamous 
epithelium (oral mucosa, esophagus, 
nonglandular stomach, common 
vestibule) 

White plaques throughout the tract and 
ulceration of the gastric mucosa 

Blastospores and mycelia evident, invading 
stratified squamous epithelium; inflammation 
associated with mycelial invasion of the 
deeper epithelial layers 


Management Cutaneous: topical nystatin, miconazole, or 
terbinafine 
Gastrointestinal: nystatin, itraconazole systemically 
Improve husbandry and hygiene; prophylactic 
antifungal agent when on antibiotics; probiotics 
after antibiotics to re-establish microbial flora 


DERMATOPHYTOSES/TRICHOPHYTON MENTAGROPHYTES, 
T. VERRUCOSUM, MICROSPORUM GYPSEUM, M. CANIS 
Species Macropods,'° koalas, possums, bilbies, Virginia 
opossum 
Transmission Direct or indirect contact, environmental 
contamination 
Clinical signs Focal, multifocal or extensive nonpruritic 
alopecia; crusting and scaling; lichenification; 
erythematous margins to lesions; broken hair 
shafts; paronychia and nail deformity 
Lesions usually on head, pinnae, tail, extremities 
but may occur anywhere on the body 
Pathology Folliculitis and hyperkeratosis; hyphae and spores 
Management Itraconazole, griseofulvin or terbinafine + topical 
miconazole, enilconazole or terbinafine until 2 
weeks after resolution of lesions 
Lesions may be self-limiting 
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BOX 33-6 Infectious Diseases: Fungi—cont'd m... 


CRYPTOCOCCOSIS/CRYPTOCOCCUS GATTI, €. NEOFORMANS 

VAR. GRUBII 

Species Macropods, koalas, dasyurids, numbats, 
possums, gliders, bandicoots, bilbies 

Inhalation of airborne cryptococcal organisms 
from environmental sources (for C. gatti, 
various Eucalyptus species) 

Subclinical 

Signs depend on site of lesions 

Respiratory: sneezing, coughing, nasal discharge, 
epistaxis, dyspnea, facial distortion, stertor or 
stridor, weight loss, inappetence, occasionally 
sudden death 

Neurologic: blindness, nystagmus, whole-body 
tilt, seizures 

Cutaneous: subcutaneous cervical nodules, dry, 
scab-covered skin on lateral aspects of 
hindlimbs (koalas) 


Transmission 


Clinical signs 


Pathology Localized nasal cavity or sinus granulomas; 
localized skin nodules containing tenacious 
yellow-green exudate; granulomatous 
meningitis and encephalitis, optic neuritis; 
pneumonia with small, multifocal, gray-to- 
yellow, nodular lesions throughout pulmonary 
parenchyma, diffuse alveolar distension with 
large numbers of spherical basophilic yeasts, 
focal pulmonary hemorrhage, congestion, 
atelectasis, fibrinous exudation; pleuritis; 
pericarditis; peritonitis; disseminated form 
involving multiple organs and lymph nodes 

Granulomas are pale with firm nodules, or pale 
with gelatinous foci 

Antifungal therapy (itraconazole, fluconazole, 
amphotericin B) until latex cryptococcal antigen 
test (LCAT) is negative 

Surgical debulking of lesions’ 


Management 


BOX 33-7 Parasitic Diseases: Protozoa > 


COCCIDIOSIS/VARIOUS EIMERIA SPP. AND ISOSPORA SPP. 

Species Macropods (juvenile, hand-reared eastern gray 
kangaroos particularly susceptible), wombats 
(disease uncommon), bandicoots, opossums 

Ingestion, heavy environmental load 

Clinical disease usually limited to juvenile animals 
less than 12 months of age 

Inappetence, abdominal discomfort, lethargy, 
diarrhea (often hemorrhagic), dehydration, 
dependent edema, bruxism, common vestibule 
prolapse 

Sudden death 

Hemorrhagic enteritis, villous atrophy, mucosal 
ulceration, epithelial sloughing, congestion, 
edema and presence of giant schizonts in the 
upper small intestine 

Biliary duct hyperplasia and fibrosis and 
granulomatous lesions in the hepatic portal 
triads seen with hepatic coccidiosis 

Treatment should be initiated on early suspicion 
of disease 

Toltrazuril, antibiotics for secondary bacterial 
infection, fluids (orally [PO] or subcutaneously 
[SC] preferred), homologous plasma 
transfusions, analgesia 


TOXOPLASMOSIS/TOXOPLASMA GONDII 

Species Macropods, koalas, wombats, dasyurids, 
possums, gliders, bandicoots, bilbies, opossums 

Ingestion of sporulated oocysts in feed 
contaminated with felid feces or in paratenic 
hosts 

Disease may result from primary infection 
following the ingestion of oocysts or 
recrudescence of latent disease following a 
period of immune compromise 


Transmission 
Clinical signs 


Pathology 


Management 


Transmission 


Clinical signs Variable and consistent multisystemic disease 

Dyspnea, tachypnea, coughing, malaise, 
uncharacteristic docility, weight loss, anorexia, 
lymphadenopathy, diarrhea, blindness, ataxia, 
circling, incoordination, dysphagia, pyrexia, 
keratitis, uveitis, chorioretinitis, 
endophthalmitis, unilateral or bilateral cataracts 

Acute to peracute illness and death 

An extensive range of lesions affecting various 
and multiple organs 

Gross lesions may not be evident but may 
include pulmonary congestion, edema and 
consolidation, pleural effusion, myocardial 
hemorrhage and pale streaks, lymph node and 
adrenal gland enlargement and inflammation, 
adrenal hemorrhage, splenomegaly, 
hemorrhagic and ulcerative foci within the 
stomach and small intestine, brain malacia 

Focal to extensive necrosis, inflammation, 
hemorrhage, edema in multiple tissues 

Free and intracellular tachyzoites in multiple 
tissues 

Treatment often unrewarding 

Atovaquone, clindamycin, sulfadiazine and 
pyrimethamine (with folinic acid), trimethoprim- 
sulfonamide for up to 30 days 

Supportive care 

Exclude cats from feed sheds and enclosures 


BABESIOSIS/BABESIA SPP.125 

Species Macropods (eastern gray kangaroos, red-necked 
wallabies, swamp wallabies), dasyurids 
(recrudescence thought to contribute to 
post-mating male mortality in male agile 
antechinus), '* bandicoots 

Arthropod vectors, mainly ticks 


Pathology 


Management 


Transmission 


Continued 
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BOX 33-7 Parasitic Diseases: Protozoa—cont”d 


Clinical signs Typically hand-reared eastern gray kangaroo 
pouch young (PY) between 6 and 13 months 
of age, failure to thrive, poor body condition, 
dehydration, pale mucous membranes, 


polydipsia, polyuria, inappetence, bruxism, 


lethargy, obtundation, vision deficits (mydriasis, 


reduced pupillary light reflex [PLR], variable 
menace response, blindness), conjunctival and 
scleral hemorrhage, ataxia, seizures, 
recumbency 

Regenerative anemia (packed cell volume [PCV] 
<30%), hypoproteinemia (total plasma protein 
[TPP] <30 grams per liter [g/L]) 


Pathology Parasitized erythrocytes sequestered in a range 
of organs, schizont-like forms in blood vessels 
(particularly brain and kidney), increased 
pigment in Kupfer cells, bone marrow and 
lymphoid hyperplasia, pulmonary edema and 
congestion, myocardial degeneration and 
necrosis, nonsuppurative perivascular 
myocarditis, nonsuppurative panuveitis or 
iridocyclitis, lymphocytolysis 

Supportive care, blood transfusions, imidocarb 
intravenously (IV), phytomenadione may 
be beneficial. Tick and other vector 
control 


Management 


Other important protozoa reported in marsupials: Besnoitia spp. in macropods and opossums,* Trypanosoma spp. in macropods, koalas, wombats, 
bandicoots, dasyurids, opossums,*°°' amoebiasis (Entamoeba histolytica, other Entamoeba spp. in macropods, Leishmania braziliensis in didelphid 


opossums.”” 


BOX 33-8 Parasitic Diseases: Ectoparasites 


SARCOPTIC MANGE/SARCOPTES SCABEI VAR. CANIS, S. SCABEI 
VAR. WOMBATI 


Species Macropods, koalas, wombats (significant 


debilitating disease of wild common wombats), 


possums 

Mild, localized, crusting lesions to a generalized, 
severe crusting hyperkeratotic dermatosis with 
alopecia, excoriations, deep fissures, 
secondary pyoderma, pruritus 

Mild to severe debility 

In wombats, severe skin lesions impair vision 
and movement; affected animals often 
emaciated 

Ivermectin, moxidectin, selamectin 

Euthanasia in severe cases 


FLEAS/ECHIDNOPHAGA SPP. ("STICK FAST” FLEAS), LYCOPSYLLA SPP. 
(WOMBAT FLEAS), 32 SPECIES IN DASYURIDS, MANY OTHER SPECIES 


Clinical signs 


Management 


Species Koalas, wombats, dasyurids, numbats, possums, 
bandicoots, opossums 
Clinical signs Asymptomatic 


Pruritus, pustules, alopecia, presence of fleas 
and flea feces in the coat 

Anemia with heavy infestations 

In Tasmanian devils and quolls Uropsylla 
tasmanica larvae burrow into the skin 


Management Fipronil, permethrin, ivermectin, selamectin, 


imidacloprid, lufenuron 


TICKS/PARALYSIS TICK (IXODES HOLOCYCLUS), MANY 

OTHER SPECIES 

Species Macropods, koalas, wombats, dasyurids, 
numbats, possums, bandicoots (principal host 
for /. holocyclus) 

Asymptomatic 

Heavy burdens may result in anemia 

Naive animals infested with /. holocyclus may 
develop ascending flaccid paralysis 
progressing to recumbency, eventual 
respiratory failure 

Localized paralysis near the site of tick 
attachment 

Removal of ticks 

Supportive care and administration of 
hyperimmune canine serum for tick paralysis 

Acaricidal preparations (fipronil, selamectin) 

Iron supplementation for anemia 


Clinical signs 


Management 


Other important ectoparasites reported in marsupials: demodectic mange in koalas and dasyurids, Thadeua serrata in wallabies, fur mites (Koalachirus 
perkinsi) in koalas, Trichosurolaelaps crassipes in common brushtail possums. 


BOX 33-9 Noninfectious Diseases 


TASMANIAN DEVIL FACIAL TUMOR DISEASE 
Species Tasmanian Devil 
Transmission Biting 
Transmitted by allograft 
Lack of genetic diversity at the major 
histocompatibility complex (MHC) allows 
tumor cells to grow in genetically similar hosts 
without evoking an immune response to 
alloantigens 


Clinical signs Ulcerating solid soft tissue masses, first 
appearing on head and neck regions and 
mouth 

Affected Devils die of starvation, secondary 
infection in the tumor and metastases within 
6-12 months 

Mortality is 100% 

Tumors rarely seen in Devils less than 2 years of 
age 


BOX 33-9 Noninfectious Diseases—cont”d = 


Pathology 


Management 


Cut surface firm, pale, slightly translucent, 
fibrous septa, often with necrotic core 

Subepithelial expansile masses of round cells, 
abundant eosinophilic cytoplasm, high nuclear 
to cytoplasmic ratio encased in a 
pseudocapsule 

Mitotic figures 0-12, average 4 per high-power 
field (hpf) 

Tumor cells Schwann cell origin 

Locally aggressive, metastasize to lymph nodes, 
other organs 

No surgical or medical cure has been effective 

Tumor-free insurance populations have been 
established 


CAPTURE MYOPATHY 


Species 
Pathogenesis 


Clinical signs 


Pathology 


Macropods 

Exertion, fear, anxiety with or without high 
ambient temperatures result in prolonged 
sympathetic nervous system stimulation 
causing ischemia caused by reduced tissue 
perfusion, lactic acidosis, and muscular 
adenosine triphosphate reserve depletion 

Cardiovascular and circulatory collapse, muscular 
compartment syndrome, acute renal failure 
from ischemia, and myoglobinuric nephrosis 

Dyspnea, tachypnea, tachycardia, hyperthermia, 
muscular tremors and fasciculations, 
myoglobinuria, inability to hold head in normal 
elevated position, stiff gait, weakness, 
recumbency 

Death within days to weeks after an event 

Creatine kinase (CK) =25,000 international units 
per liter (IU/L) 

Acute: muscular hemorrhage, congestion and 
edema, pale and friable musculature, myofiber 
degeneration, hemorrhage and edema of the 
interstitium 

Chronic: pale, fibrosed muscle, foci of 
mineralization, interstitial fibrosis 


Managem 
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Hindlimb adductors, psoas, cervical, dorsal 
musculature most commonly affected 

Also diaphragm and cardiac musculature 

Swollen kidneys, pulmonary congestion, and 
edema 

Renal tubular necrosis, pulmonary edema, 
hepatic and adrenal cortex necrosis 

Carefully planned and executed capture and 
restraint, minimize anxiety, judicious use of 
anxiolytic and neuroleptic drugs 

Intravenous fluids, sodium bicarbonate, 
dandrolene sodium, corticosteroids or 
nonsteroidal anti-inflammatory drugs, lower 
body temperature 


ent 


NEPHROPATHY/OXALATE NEPHROSIS*” 


Species 


Pathogenesis 


Clinical signs 


Pathology 


Managem 


Koalas 

Dehydration, oxalate and calcium, aluminum 
Pathogenesis not fully understood 
Anorexia, rapid weight loss, lethargy, 
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obtundation, dehydration, polydipsia, polyuria, 


small, dry fecal pellets, emaciation, collapse 
(prostrate, comatose, hypothermic, 
bradycardic) 

Azotemia 

Depends on cause and chronicity of disease 


Oxalate nephrosis: normal to reddened cortical 


areas with pale corticomedullary streaks, 


tubule loss, segmental cortical fibrosis, tubule 
dilation, glomerular atrophy, crystal-associated 


inflammation 

Typical birefringent calcium oxalate crystal 
morphology 

Aluminum associated nephropathy: positive 
staining for aluminum 

Poor prognosis 

Aggressive fluid therapy, nutritional 
supplementation, anabolic steroids 


ent 


Other important noninfectious diseases of marsupials: hip and shoulder dysplasia in koalas, thermal burns, dental disease and malocclusion in wombats, 
periodontal disease in possums, gliders, bilbies, and opossums. 


BOX 33-10 Syndromes of Uncertain Etiology 


EXUDATIVE DERMATITIS 


Species 
Pathogenesis 


Clinical signs 


Pathology 


Management 


Brushtail possums 

Multifactorial: hypersensitivity to ectoparasites 
(mites, fleas), bacterial and fungal infection, 
stress, trauma 

Alopecia, exudation, crusting, ulceration in the 
lumbosacral region, tail, face, trunk or limbs 

Debility 

Ulcerative dermatitis, dermal edema, mixed 
inflammatory infiltrate (eosinophils, mast 
cells, lymphocytes, neutrophils), epidermal 
hyperplasia, hyperkeratosis, adnexal gland 
hyperplasia, bacteria 

Acaricides, topical and systemic antibacterials, 
analgesia 

In severe cases, aggressive initial treatment 
under anesthesia may be required 

Euthanasia is indicated in severe cases where 


confounding social factors cannot be addressed 


SWOLLEN 
Species 


Pathogenesis 


Clinical signs 


Pathology 


Management 


PAW SYNDROME 
Common ringtail possums 


infection, thermal injury, electrocution, 
mycotoxicosis, plant toxins 


Unknown; photosensitization, bacterial or viral 


Edema, ulceration, swelling, gangrene of feet, 


tenosynovitis, moist ulcerative dermatitis of 


dorsal nose, moist dermatitis or alopecia, 
thickening, contraction and necrosis of ear 
tips, crusting or ulceration of tail tip 

One or more feet missing 

Avascular necrosis resulting in severe, acute 


necrosis of extremities, coagulation necrosis, 


epidermal ulceration, dermal edema 
Treatment is usually unsuccessful and 

prognosis for release is poor 
Euthanasia is usually indicated 


Continued 
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BOX 33-10 Syndromes of Uncertain Etiology—cont'd 


CECAL STASIS 

Species Common ringtail possums (smallest arboreal 
folivore with strong preference for eucalypt 
foliage, will also eat foliage, flowers and fruit 
from other species of trees and shrubs; 
unique adaptations to dealing with a primarily 
folivorous diet, the most important being 
cecotrophy) 

Unknown 

More commonly seen in young hand-reared 
animals at time of weaning onto solid diet 

Weaning onto inappropriate diet (high- 
carbohydrate, fruit-based diets) may play a 
role 


Pathogenesis 


Dysbiosis, altered cecal and colonic 
development and function, hygiene, 
husbandry, stress, carer expertise may play a 


role 

Clinical signs Distended abdomen, spongy rather than gas 
filled 

Muscle wastage; normal, increased, or reduced 

appetite; acute abdominal pain; restlessness; 
reduced fecal output; death 

Pathology Cecum distended with fluid, loss of normal 
sacculated structure 

Management Correct diet (native browse, flowers, some 


vegetable, minimal fruit), metoclopramide, 
supportive care 


TABLE 33-5 


Contraceptive method Marsupial group Comments 


Gonadectomy, tubal Most 
ligation, vasectomy 


Castration not usually successful in controlling aggression particularly in hand-reared 
macropods 


In macropods, tubal ligation and vasectomy may result in increased aggression 
between males, as females cycle continually 


Progestin implants Macropods, koalas 


Norplant Il/Jadelle (levonorgestrel, Bayer Health Care): safe, effective, long term, 


reversible (reversibility not demonstrated in koalas) 


Gonadotropin-releasing Macropods, koalas, 


Safe, effective, long term, reversible in female macropods with minimal effect on 


hormone (GnRH) agonists possums behavior 
Suprelorin (deslorelin, Stage of reproductive cycle, presence or absence of blastocyst, presence or 
Peptech Animal Health) absence of pouch young (PY), removal of PY at time of implanting, occurrence of 
a postpartum estrus, seasonality of species, and dose of deslorelin influence 
effectiveness and duration 
Best results achieved if treatment timed to coincide with anestrus 
No effect on fertility or behavior in male macropods 
Effective contraception in female koalas and common brushtail possums, no effect 
on fertility in males 
Immunocontraceptives Macropods GnRH vaccines: ineffective in female macropods, effective modification of male 
sexual behavior and aggression 
PZP immunization: effective in wallabies 
Management techniques Most Separation of sexes; removal and euthanasia of early PY (not suitable for long-term 


population management in macropods as removal of PY will result in 
recrudescence of a blastocyst in diapause, subsequent birth and postpartum 
estrus in most species) 


interrupt the estrous cycle, but lactation does. Marsupials display 

five basic reproductive strategies:”” 

1. Possums, the mountain pygmy possum (Burramys parvus), gliders, 
dasyurids, and opossums are polyovular and polyestrous, with a 
gestation period shorter than the estrous cycle. Postpartum estrus 
and ovulation are suppressed during lactation. 

2. Bandicoots and bilbies are polyestrous and polyovular, with an 
ultra-short gestation period. 

3. Macropods are monovular and polyestrous, with a gestation 
period of similar length to the estrous cycle. Postpartum estrus 
and ovulation occur. During lactation, if fertilization has occurred, 
the embryo remains as a blastocyst in embryonic diapause— 
except in the western gray kangaroo (M. fuliginosus), Lumholtzs 
tree-kangaroo (Dendrolagus lumholtzi), and musky rat-kangaroo 
(Hypsiprymnodon moschatus). This is maintained by the sucking 
stimulus of the PY. In the eastern gray kangaroo (M. giganteus), 
parma (M. parma), and whiptail wallaby (M. parryi), postpartum 


estrus does not occur, but the females may come into estrus and 
mate when the PY is older. 

4. The honey possum and pygmy possums (except the mountain 
pygmy possum) are polyestrous and polyovular, with a prolonged 
gestation and embryonic diapause. 

5. The koala and wombat are polyestrous and monovular, with a 
gestation period shorter than the estrous cycle. In the koala, ovu- 
lation is induced by copulation. 


Reproductive Management 


Reproductive Control (Contraception) 

Some marsupial species breed well in captivity and in the wild, and 
populations may quickly reach high densities. It is, therefore, impor- 
tant that these populations are managed carefully to prevent over- 
crowding, stress, disease, production of surplus animals, inbreeding, 
degradation of habitat, and starvation.’ Contraceptive methods 
including effects on behavior are described in Table 33-5. 


Enhancing Reproduction 

Semen collection and cryopreservation, induced superovulation, 
artificial insemination, oocyte and embryo harvesting, and in vitro 
fertilization have been carried out in various marsupial species, with 
variable success. “7” Perhaps the greatest success has been in koalas.’ 
Cross-fostering has been successful in macropods. The benefit of this 
procedure in marsupials is that it has the potential to dramatically 
increase the reproductive rate.” 


PREVENTIVE MEDICINE 


A range of vaccines have been used in macropods and include a 
multi-serotype vaccine against Dichelobacter nodosus for oral necro- 
bacillosis dumpy jaw), a canine vaccine against B. bronchiseptica, an 
inactivated encephalomyocarditis virus vaccine, and either human 
or equine tetanus toxoid or a multivalent clostridial vaccine for 
tetanus prophylaxis.” Responses are variable, and sterile abscesses 
and swellings frequently develop at injection sites with some vac- 
cines. Vaccination of koalas against B. bronchiseptica using a canine 
vaccine appears to reduce the incidence of mortality from infection 
with Bordetella spp.” In rabies-endemic countries where the inci- 
dence of rabies is high, marsupials in zoos may be at high risk 
of exposure. In such cases, vaccination is recommended; however, 
the efficacy of rabies vaccination in marsupials has not been 
established. 

Routine screening for endoparasites is recommended for indi- 
viduals or groups at least annually or biannually. If parasite burdens 
are high, particularly if animals are clinically affected, routine anthel- 
mintic treatment is recommended. This should be coupled with 
improved husbandry, sanitation, substrate changes, and reduction in 
stocking densities. If ectoparasitism is a problem, routine treatment 
is recommended. A regular program of weighing and body condition 
scoring is recommended for some species (e.g., koalas) or individu- 
als. Annual or biennial health checks may be warranted in some 
species. 
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CHAPTER A Ç 
Insectivores (Insectivora, 
Macroscelidea, Scandentia) 
Jennifer D’Agostino 

BIOLOGY UNIQUE ANATOMY 
Insectivora Insectivora 


Insectivores are considered the most primitive of all placental 
mammals and are believed to be the ones from which present day 
mammals have evolved. The order consists of six extant families: 
Erinaceidae (hedgehogs and gymnures), Chrysochloridae (golden 
moles), Tenrecidae (tenrecs), Solenodontidae (solenodons), Soric- 
idae (shrews), and Talpidae (moles, shrew moles, and desmans). A 
seventh family, Nesophontidae (West Indian shrews), is considered 
extinct. The order Insectivora comprises the third largest group of 
mammals, with over 400 species identified. Some controversy exists 
in classification within this order, and some have proposed the for- 
mation of a new order, Afrosoricida, based on molecular studies. This 
new order would include the families Chrysochloridae and Tenreci- 
dae. However, most current literature maintains all six families in 
Insectivora. ””” 

Insectivores are terrestrial, fossorial, or semiaquatic and are 
almost completely nocturnal. They are found worldwide except in 
Australia, Antarctica, and most of South America. Over one third of 
all species in the order Insectivora are listed on the International 
Union for the Conservation of Nature (IUCN) Red List, with 21% of 
hose listed as critically endangered and 26.5% as endangered. The 
major causes of population decline are human-induced habitat loss, 
fragmentation, and degradation. Overall insectivores are poorly 
understood, and further study is needed to determine practices that 
will aid in their conservation. As a group, insectivores make impor- 
ant contributions to the environment by controlling insects that 
damage crops and controlling vermin. Fossorial species also effec- 
ively aerate the soil./” 


Macroscelidea 


This order contains a single family, Macroscelididae, with 15 species 
of elephant shrews or “sengis.” Historically, this group was included 
in the order Insectivora but has been reclassified into its own order 
based on genetic and morphologic comparison studies. These species 
inhabit Africa, including the island of Zanzibar, and occupy a wide 
variety of habitats. Seven species of elephant shrews are listed on the 
IUCN Red List. Causes for population decline include habitat frag- 
mentation and land clearing for agriculture. Elephant shrews help 
control insect populations that might negatively affect human health 
r agriculture. The golden-rumped elephant shrew (Rhynchocyon 
chrysopygus) has become a symbol for conservation in Kenya.” ° 


° 


Scandentia 


This order contains a single family, Tupaiidae, with 16 species of tree 
shrews. They are native to Southern and Southeast Asia and inhabit 
primarily tropical rainforests. This family has historically been very 
difficult to classify, and some have associated it with the orders 
Insectivora and Macroscelidea and the infraorder Lemuriformes. On 
the basis of anatomic and morphologic evidence, they were reclas- 
sified into their own order, Scandentia. Most tree shrew species are 
common; however, there are two species that are considered endan- 
gered (Tupaia longipes and Tupaia nicobarica). `” 


Insectivores are small mammals that typically have long, narrow 
snouts and five clawed, nonopposable digits on each limb. The 
pelage consists of short, dense fur; short nonbarbed spines; or a 
combination of both. External ears are very small or non-existent 
(Talpidae). Insectivores have very small eyes and poor eyesight, with 
some species (desmans and moles) being completely blind and 
lacking a palpebral opening. They have a very keen sense of smell, 
and the nasal chamber consists of scrolls of coiled bone covered in 
olfactory epithelium for enhanced olfaction."””” Most talpids have an 
elongated, mobile snout featuring arrays of small bumps called 
Eimer’s organs. Eimer’s organs contain a dense array of mechanore- 
ceptors that allow detection of very small surface textures and fea- 
tures.°’ The star-nosed mole (Condylura cristata) has a specialized 
snout that contains 22 fleshy appendages with 25,000 mechanosen- 
sory receptors to help it locate food. Solenodons have a small bone 
called the os proboscis at the tip of the nose to support snout cartilage. 
Vibrissae, located on the snout, ears, tails, and sometimes feet, are 
large in diameter and relatively rigid, and they aid in the location of 
prey items. ”” 

The dental formula in many insectivores is 3/3, 1/1, 4/4, 3—4/3—4, 
vvith a total of 44 to 48 teeth, although significant variation does 
exist within the order. All teeth are rooted but are primitive. Decidu- 
ous teeth serve no purpose and are shed very early in life. The upper 
molar pattern in shrevvs and moles is dilambdodont (W shaped), 
whereas tenrecs, solenodons, and golden moles have a zalamb- 
dodont pattern (V shaped). The upper molars of hedgehogs and 
gymnures have four main cusps. Solenodons (Solenodon sp.) and 
some shrevvs (Neomys fodiens and Blarina sp.) produce toxic saliva 
from the submaxillary gland, and the saliva is delivered through deep 
grooves in the lower incisors. ””” 

The majority of insectivores have a plantigrade stance, and fos- 
sorial species have short, powerful forearms specialized for digging. 
Talpids have a falciform bone, sometimes called a “sixth digit,” which 
expands the palm and supports the digits. In talpids, the radius 
articulates with the humerus in an S-shaped cavity, causing the 
forearm to be permanently rotated outward from the body. This 
allows the forelimb to act as a spade for digging. Aquatic species 
have webbed feet with hairy fringes, which allows them to run on 
water surfaces for several seconds. The tails of moles are able to 
detect ground vibrations, and Microgale has a modified tail that is 
prehensile. '** 

Insectivores have a low, flat skull, with reduced or absent zygo- 
matic arches. The brain is small, and the cerebral hemispheres lack 
fissures and do not extend over the cerebellum. All species except 
Potamogale spp. have a clavicle. All insectivores lack a cecum, and 
many species have a cloaca. 

In males, the testes are abdominal, inguinal, or in a sac in front 
of the penis. Some species have a baculum. Females of some species 
in the Talpidae family have ovotestes with a functional ovarian 
segment and a larger testicular segment that lacks germ cells. These 
animals are considered true fertile hermaphrodites.” 
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Armored shrews (Scutisorex somereni) have unique interlocking 
lateral, dorsal, and ventral vertebral spines, which create an excep- 
tionally sturdy vertebral column. Despite this feature, these shrews 
still have considerable flexibility and may bend dorsoventrally and 
laterally. ” 


Macroscelidea 


Elephant shrevvs are small mammals with a compact body and a large 
head. The long, narrow snout moves in a circular motion and is 
extremely sensitive. Nostrils are located at the tip of the nose, and 
long vibrissae are present at the base of the snout. Eyes and ears are 
well developed, and auditory bullae are large. Elephant shrews have 
well-developed senses of smell, sight, and hearing. They exhibit a 
digitigrade stance; the hindlimbs are longer than the forelimbs and 
are useful for running and hopping. The dental formula is 1-3/3, 
1/1, 4/4, 2/2-3, for a total of 36 to 44 teeth with dilambdodont 
dentition. Elephant shrews possess numerous scent glands to mark 
territory. The braincase is relatively large and much more complex 
than in the Insectivora species. All species in Macroscelidea possess 
a cecum, although it may not be functional in all species. In males, 
the penis is divided into three forks.'*”” 


Scandentia 


Externally, tree shrews resemble squirrels but have long snouts. All 
species except the pen-tailed tree shrew (Ptilocercus lowii) have a 
bushy tail. Tree shrews are quadrupedal and range from arboreal to 
terrestrial. Tupaiids are adept climbers and swift runners. Their 
senses of smell and hearing are well developed, and their vision is 
good. The braincase is relatively large, and the orbits are completely 
encircled in bone. The dental formula is 2/3, 1/1, 3/3, 3/3, with a 
total of 38 teeth. The lower incisors are angled forward to form a 
dental comb that is used in feeding and grooming. Similar to the 
Macroscelidea and some of the Insectivora species, Scandentia 
species have dilambdodont dentition. 


SPECIAL PHYSIOLOGY 


Most insectivores have a very high metabolic rate. Compared with 
most mammals, insectivore body temperatures are usually lower (33° 
C to 35° C), the exception being Sorex spp. (37° C to 38°C). Some 
species such as the hedgehog exhibit true hibernation for part of the 
year. They spend the months preceding hibernation building up fat 
stores. Some species in the families Macroscelididae, Chrysochlori- 
dae, and Tenrecidae exhibit torpor (heterothermy) on a daily or 
seasonal basis when ambient temperatures decrease or food sources 
become scarce. During hibernation and torpor, heart rate, body 
temperature, and metabolic rate drop significantly. The body tem- 
perature of the Southern African hedgehog (Atelerix frontalis) may 
decrease to 1° C during hibemation.” Solenodons and some species 
of moles and shrews emit high-frequency vocalizations that may 
have an echolocation function for navigation. 

Hedgehogs exhibit a unique self-anointing behavior, also called 
anting. When a new or irritating substance is encountered, the 
hedgehog will lick the substance until saliva is produced and 
then vigorously groom its quills. The reason for this behavior 
is unknown, but theories suggest the method may serve as 
protection from predators or to apply a unique scent to itself or its 
home range. This normal behavior and the resultant saliva produc- 


tion are often confused for a disease such as rabies or a denta 
condition. "022 


SPECIAL HOUSING REQUIREMENTS 


Insectivores are rarely used as exhibit animals because of their secre- 
tive nature. Most are nocturnal, and the fossorial species spend most 
or all of their time underground. For the most part, insectivores are 
solitary and socialize only during mating and during rearing off- 
spring. In a captive situation, some species may be exhibited in 
groups without problems; however, significant aggression may be 


seen. The most successfully exhibited species include elephant 
shrews, tree shrews, African hedgehogs, and tenrecs. 

Insectivore species have a well-developed sense of hearing; there- 
fore, the area around the exhibit should be kept quiet. Double-glass 
barriers have been used for this purpose. Walls should be smooth, 
nonclimbable, and easily cleaned. Absorbent bedding may be used 
to decrease the exposure of the animals to urine and feces, which 
may lead to dermatitis. Shrews may become entangled in shredded 
wood bedding and may be averse to the noise of shredded paper. 
Litter should be deep enough for the animal to plough through. 

A nest box is essential. Insectivores are sensitive to disturbances, 
so cleaning should be done only as needed. The use of a second 
enclosure to shift animals may minimize disturbance. Shrews and 
some other insectivores establish latrines and tend to defecate near 
water, even if provided in a bottle. 

Environmental temperatures depend on the natural history of the 
species but usually are between 23° C and 28° C. All insectivores 
should be kept free from drafts and abrupt (greater than 5° C) tem- 
perature changes. Cages should be well ventilated. Exhibits should 
be kept dry to prevent the animals from losing body heat through 
damp pelage.””” 


FEEDING 


As would be expected, insects are the bases of the natural diet of 
most insectivore species. However, most species have varied diets, 
including small vertebrates, carrion, berries, nuts, and vegetation. 
Aquatic species prey on worms, crustaceans, fishes, and frogs. Many 
insectivores have a voracious appetite and consume large quantities 
of food.'**°***Hedgehogs possess chitinase in the gastric mucosa 
and pancreas, which presumably aids in digestion of the exoskele- 
ons of insects.° 

In captivity, diets should contain high protein (30%—50%) and 
moderate fat (1096—2096) content on a dry-matter basis” Commonly 
exhibited insectivores may be maintained on a commercial cat diet 
or insectivore diet and on insects. Small amounts of fruit, vegetables, 
and leafy greens may also be added. Raw meat and eggs should be 
avoided, as they may harbor Salmonella sp. Milk should not be fed, 
as it may cause diarrhea.” Periodontal disease has been reported 
requently; therefore, dry food may be beneficial to dental health.° 

Feed consumption varies widely by species. Some shrew species 
may eat up to several times their body weight daily. Some species 
may undergo wide fluctuations in appetite and body weight because 
of seasonal changes and so may be a challenge to manage. Transient 
weight gain may be physiologically normal in species that exhibit 
heterothermy; however, in captive situations, diets may need to be 
rationed to prevent obesity. Nutritional problems may be the cause 
of the high rates of early mortality and poor rates of survival fre- 
quently seen in insectivores in captivity. 2 


RESTRAINT AND HANDLING 


Many insectivore species are sensitive and prone to stress when 
handled. Plastic tubes and clear containers may be useful for visual 
examinations. Hedgehogs and tenrecs tend to roll up when touched, 
making physical examination difficult without sedation or anesthe- 
sia. Species that are habituated to handling may be more easily 
examined under manual restraint. Light gloves may facilitate han- 
dling of species that have spines or those that are venomous.’ 


ANESTHESIA AND SURGERY 


Parenteral anesthesia has been described in the literature but is 
reserved mainly for use in the field or for research purposes (Table 
34-1). Parenteral anesthetics may be given by subcutaneous (SQ), 
intramuscular (IM), or intraperitoneal (IP) injection. IV injection is 
very difficult in most insectivores, but injections may be given 
via the cephalic vein or by the intraosseous (IO) route into the 
femur, humerus, or tibia. Inhalant anesthesia is more commonly 
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TABLE 34-1 

Generic Name Dosage (mg/kg) Route of Administration Reversal (mg/kg) Comments 

Diazepam 0.5-2.0 ntramuscular — Mild sedation 

Midazolam 0.25-0.5 ntramuscular — Preanesthetic 

Ketamine 5.0-20.0 ntramuscular — May be used in combination with a 
benzodiazepine or an ox-agonist 

Medetomidine 0.05-0.1 ntramuscular Atipamezole 0.3-0.5 Mild sedation 

0.2 Subcutaneous, Heavy sedation 
Intramuscular 
Xylazine 0.5-1.0 ntramuscular Yohimbine May be given with ketamine 
0.5-1.0 

Tiletamine/Zolazepam 1.0-5.0 ntramuscular — Recovery may be prolonged and rough 

Ketamine/Medetomidine 5.0/0.1 ntramuscular Atipamizole0.3-0.5 Anesthesia 

Ketamine/Medetomidine/ 20.0/0.2/3.0 Subcutaneous Atipamezole 1.0 

Midazolam Flumazenil 0.2 
TABLE 34-2 
African Pygmy Hedgehog European Hedgehog Lesser Madagascar Hedgehog Large Tree Shrew 

Parameters (Atelerix albiventris) (Erinaceus europaeus) Tenrec (echinops Telfairi) (Tupaia tana) 

Erythrocytes (x10°/uL) 5.51 + 1.82” 6.8 + 2.69 4.21 + 0.97 7.82 + 1.17 

Hematocrit (96) 35.5 + 7.4 34.2 + 6.5 36.3 + 10.6 40.7 + 7.0 

Hemoglobin (g/dL) 12.0 + 2.8 10.5 + 2.0 12.542.5 13.642.4 

MCV (fL) 66.9 + 8.9 53.6 + 19.9 95.9 + 15.0 52.3 + 6.1 

MCH (mg/dL) 22.4 + 3.9 17.5+7.5 29.9 + 4.2 18.4 + 1.0 

MCHC (g/dL) 33.8 + 4.7 32.3 + 3.6 31.8 £4.6 34.0 + 3.9 

Leukocytes (x10°/uL) 10.94 + 6.2 15.1 + 10.17 10.11 + 3.28 3.44 + 2.05 

Neutrophils (x10°/uL) 5.14 + 5.24 7.98 + 6.83 3.43 + 1.0 2.01 + 1.96 

Band neutrophils (x10°/uL) 0.39 + 0.34 = 0.26 + 0.0 0.016 + 0.026 

Lymphocytes (x10°/uL) 4.04 + 2.25 5.29 + 3.35 6.18 + 2.65 1.02 + 0.48 

Monocytes (x105/uL) 0.34 + 0.31 0.41 + 0.21 0.22 + 0.14 0.28 + 0.24 

Eosinophils (x105/uL) 1.21 * 0.93 1.14 0.79 0.51 + 0.25 0.26 + 0.36 

Basophils (x10°/uL) 0.35 + 0.29 0.36 + 0.23 — 0.016 + 0.032 

Platelets (x10°/uL) 226 + 108 196 + 120 511 +0 811 +0 


*All values are given as mean + standard deviation. 


fL, Femtoliters; g/dL, gram per deciliter; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin 


concentration; mg/dL, milligram per deciliter; uL, microliter. 


used and is the preferred method in insectivores. Anesthesia may 
be induced using an induction chamber or a face mask. Because of 
the small body size of insectivores, intubation may be considerably 
difficult. Fasting is generally not recommended because of the 
high metabolic rate and small glucose reserves. High metabolic 
rate and oxygen requirement make insectivores prone to hypother- 
mia, hypoglycemia, and hypoxemia, so the animals should be moni- 
tored closely. Anesthetic events should be kept as short as possible 
to minimize complications. Isoflurane may increase blood flow to 
the skin in the smaller species, so a heating pad is recommended 
to avoid rapid temperature decrease. Insectivores may be monitored 
by using pulse oximetry, electrocardiography (ECG), or Doppler 
ultrasonography.”'*”° 

Some surgical procedures reported in insectivores include enucle- 
ation, dental extractions, limb amputations, spay or neuter, biopsy 
and resection of various neoplasms, and treatment for traumatic 
injuries and abscesses. 


DIAGNOSTICS 


Collecting samples from insectivores may be challenging because of 
their small size, unique anatomy, and tendency for some species to 
roll into a ball when handled. Blood may be collected from the 
jugular vein, the cranial vena cava, and the cephalic, femoral, or 
saphenous veins. Reference ranges for complete blood cell count 
and serum biochemistry for select species are presented in Tables 
34-2 and 34-3. SQ injections may be given in the spiny or 
furred areas. The dermal layer under the spines is poorly vascular- 
ized in hedgehogs, and absorption of drugs or fluids may be delayed 
in this area. IM injections may be given in the muscles of the 
hindlimb. The spines of hedgehogs and tenrecs may diminish radio- 
graphic details, and often anesthesia is required for proper position- 
ing. With the use of plastic clips or tape, the dorsal skin may gently 
be pulled away from the chest and abdomen to achieve improved 
detail.” 
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TABLE 34-3 EEE 


African Pygmy Hedgehog 


European Hedgehog 


Lesser Madagascar Hedgehog 


Large Tree Shrew 


Parameter (Atelerix albiventris) (Erinaceus europaeus) Tenrec (Echinops telfairi) (Tupaia tana) 
Total protein (g/dL) 5.8 + 0.7” 6.0 + 0.9 7442.2 6.8 1.1 
Albumin (g/dL) 2.9 k 0.4 3.6 £ 0.5 5.0 1.1 3.4 + 0.4 
Globulin (g/dL) 2.7+0.5 2.5+0.7 3.8+0.7 3.8 + 1.0 
Calcium (mg/dL) 8.8+1.4 10.4+2.9 11.1+0.9 9.2+1.3 
Magnesium (mg/dL) 2.24+0.12 2.41 + 0.0 — — 
Phosphorus (mg/dL) 5.34+1.9 4.2+0.3 3.9+0.9 6.5+1.7 
Sodium (mEq/L) 14149 — 157 +13 162 £5 
Potassium (mEq/L) 4.9+1.0 m 434513 4.8 + 0.9 
Chloride (mEq/L) 109 + 10 — 120 48 125+ 13 
Creatinine (mg/dL) 0.4+0.2 0.3+0.1 0.5 + 0.5 0.6 +0.4 
Urea nitrogen (mg/dL) 27+9 20+6 53+ 14 27+12 
Cholesterol (mg/dL) 131 +25 — 108 + 50 92 + 33 
Glucose (mg/dL) 89 + 30 105 +10 60 + 33 137 + 34 
İron (ug/dL) 239 + 61 — — — 
Serum enzymes — — — 
AST (IU/L) 34 +22 65 + 44 62+17 162 +117 
ALT (IU/L) 53 +24 69 + 34 133 + 96 59 + 33 
LDH (IU/L) 441 + 258 — — 
CPK (IU/L) 863 + 413 — 146+0 607 + 566 
Amylase (Unit/L) 510 + 170 — — 2587 + 845 
Alkaline phosphatase (IU/L) 51 21 51+0 23 +6 101 + 58 
GGT (IU/L) 4+4 — 124+ 81 12+4 
Lipase (Unit/L) 1444 — — 24+0 
Total bilirubin (mg/dl) 0.3+0.3 0.2+0.1 0.5+0.3 0.7+0.4 
Direct bilirubin (mg/dL) 0.1 40.2 — — 0.3 40.1 
Indirect bilirubin (mg/dL) 0.2+0.2 = — 0.5 40.1 
Trigylcerides (mg/dL) 38 + 22 — 51 + 26 130 + 50 
Bicarbonate (mmol/L) 19.6 + 1.6 — — — 
Carbon dioxide (mmol/L) 23.3 + 12.7 — — 16.5+9.2 
Uric acid (mg/dL) 1.0 + 0.9 — — 0.2 + 0.0 


*All values are given as mean + standard deviation. 


AST, Aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactic acid dehydrogenase; CPK, creatine phosphokinase; GGT, gamma-glutamyl 
transferase; g/dL, gram per deciliter; g/dL, microgram per deciliter; /U/L, international unit per liter; mEq/L, milliequivalent per liter; mg/dL, milligram per 


deciliter; mmol/L, millimole per liter; Unit/L, unit per liter. 


DISEASES 
Infectious Diseases 


Infectious disease has been reported relatively uncommonly in insec- 
tivores. Bacterial diseases reported include enteritis caused by Sal- 
monella sp., pneumonia caused by Corynebacterium sp., and 
respiratory disease caused by Pasteurella sp. and Bordetella bronchi- 
septicum.”” Insectivores may be reservoirs for several bloodborne 
diseases, including Rickettsia spp., Borrelia burgdorferi, Babesia microti, 
and Anaplasma phagocytophilum, which are transmitted by parasite 
vectors; however, clinical disease associated with these organisms has 
not been noted in insectivores. /”””” Several fungal diseases, includ- 
ing adiaspiromycosis, cryptococcosis, paecilomycosis, histoplasmo- 
sis, and dermatophytosis, have been reported.” 7709735 Viral disease 
İs rare in insectivore species, hovvever, foot and mouth disease and 
paramyxovirus have been reported 2! Several species of shrews have 
been shown to harbor novel hantaviruses.” Herpesviral infection has 
been reported in European hedgehogs (Erinaceus europaeus), and one 
case of an African hedgehog (Atelerix albiventris) that succumbed to 


infection with herpes simplex virus 1 (HSV-1) has been published. 
The bicolored white-toothed shrew (Crocidura leucodon) has been 
shown to carry bornavirus, suggesting that it may be a reservoir 
species.” Table 34-4 lists commonly used antibiotics and dosages. 


Parasitic Diseases 


Ectoparasites reported in insectivores include mites (Caparinia spp. 
and Notoedres sp.), fleas (many species depending on host), ticks 
(most notably ixodid species), and myiasis. Internal parasites include 
coccidia (Eimeria and Isospora spp.), Cryptosporidium spp., lung- 
worms (Crenosoma striatum, Capillaria spp., and Eucoleus aerophilus), 
nematodes (Capillaria erinacei, Physoloptera clausa, Ganglyonema 
mucronatum, and G. neoplasticum), trematodes (Brachylaemus erina- 
cei), and acanthocephalans (Prosthorhynchus spp., Plagiorhynchus cyl- 
indraceus, and Oliganthorhynchus erinacei).”'°*°!”* Xenoma-like 
formation, primarily in the liver, associated with a myxosporean 
infection (Soricimyxum fegati) has been noted in several species of 
shrews." Table 34-5 lists various anthelmintics and dosages. 
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TABLE 34-4 

Medication Dosage (mg/kg) Route of Administration Interval 
Amikacin 2.5-5 IM Every 8-12 hours 
Amoxicillin 15 PO, SQ, or IM Every 12 hours 
Amoxicillin/Clavulanic acid 12.5 PO Every 12 hours 
Cephalexin 25 PO Every 8 hours 
Chloramphenicol 30-50 PO, SQ, IM, or IV Every 12 hours 
Ciprofloxacin 5-20 PO Every 12 hours 
Clarithromycin 5.5 PO Every 12 hours 
Clindamycin 5.5-10 PO Every 12 hours 
Doxycycline 2.5-10 PO, SQ, IM Every 12 hours 
Enrofloxacin 2.5-10 PO, SO, or IM Every 12 hours 
Erythromycin 10 PO or IM Every 12 hours 
Gentamicin 2 SQ or IM Every 8 hours 
Metronidazole 20 PO Every 12 hours 
Oxytetracycline 25-50 PO Every 24 hours 
Penicillin G 40,000 IU/kg SQ or IM Every 24 hours 
Piperacillin 10 SQ Every 8-12 hours 
Sulfadiazine/trimethoprim 30 PO, SO, or IM Every 12 hours 
Tylosin 10 PO or SQ Every 12 hours 


IM, Intramuscularly: /U/kg, international unit per kilogram; PO, by mouth; SQ, subcutaneously; /V, intravenously. 


TABLE 34-5 
Medication Dosage (mg/kg) Route of Administration Interval Parasite 
Amitraz 0.396 Topical Every 7 days Mites 
Fenbendazole 10-15 PO Every 14 days Nematodes 
10-30 PO Every 24 hours 
25 PO Every 10 days 
Imidacloprid 10% + Moxidectin 0.1 mL/kg Topical Once Mites (Caparinia tripilis) 
1% (Advocate®) 
Ivermectin 0.2-0.5 PO or SQ May repeat every 14 days Ectoparasites and nematodes 
for 3 treatments 
Levamisole 1% 10 Sə) Repeat in 48 hours and as Nematodes, including 
needed every 14 days lungvvorms 
Mebendazole 15 PO Repeat in 14 days Nematodes 
Metronidazole 25 PO Every 12 for 5 days Intestinal protozoa 
Permethrin 1% Topical — Mites 
Praziquantel Z: PO or SQ Repeat in 14 days Cestodes, trematodes 
Selamectin 6 Topical — Ectoparasites 
Sulfadimethoxine 2-20 PO, SO, or IM Every 24 hours for 2-5 days Coccidia 
10 PO Every 24 hours for 5-7 days 


PO, By mouth; SQ, subcutaneously; IM, intramuscularly. 


Noninfectious Diseases 


Neoplasia in hedgehogs and tenrecs is the most commonly reported 
noninfectious disease. The organ systems most commonly involved 
are the integumentary, hemolymphatic, digestive, endocrine and 
reproductive systems. Most reported neoplasms are malignant, with 
mammary adenocarcinoma, lymphoma, and oral squamous cell car- 
cinoma being the most common tumor types diagnosed.'’ Other 
types of neoplasia that have been reported include plasmacytoma, 


pancreatic carcinoma, papilloma, sebaceous gland carcinoma, 
myelogenous leukemia, fibrosarcoma, mast cell tumor, amelenotic 
melanoma, pituitary adenoma, adrenocortical carcinoma, renal tran- 
sitional cell carcinoma, hepatocellular carcinoma, gastrointestinal 
adenocarcinoma, thyroid adenoma or adenocarcinoma, multicentric 
skeletal sarcoma, cutaneous hemangiosarcoma, uterine leiomyosar- 
coma, astrocytoma, peripheral neurofibrosarcoma and subcutaneous 
schwannoma.'*"” Treatment may consist of surgical removal, 


280 PART IV © MAMMAL GROUPS 


TABLE 34-6 


Insectivore Species 


Atelerix Cryptotis Echinops Erinaceus Macroscelides Tenrec 
Parameter albiventris parva telfairi europaeus proboscideus Sorexspp. ecaudatus Tupaia spp. 
Breeding Year round Seasonal to Seasonal Seasonal Seasonal Seasonal Seasonal Seasonal to 
year round year round 
Gestation (days) 30-40 21-22 57-79 31-35 56-61 18-28 56-64 40-52 
Litter size 1-10 (usually 1-9 1-10 2-7 1-2 2-12 1-32 1-3 
4-5) (average 15) 

Average birth 10 — 15 15 — 0.5 10-18 10-12 

vveight in 

grams (g) 
Age at vveaning 28-42 18-19 30-35 38-45 18-36 21-35 20-35 36 

(days) 


chemotherapy, or radiation therapy. However, most cases are diag- 
nosed late in the disease course, and prognosis is often poor. 

A high incidence of cardiomyopathy is seen in African hedgehogs. 
The disease most commonly affects males over the age of 1 year. 
Diagnosis is usually late in the disease course, and prognosis is poor. 
Normal cardiac measurements have been reported in this species and 
may aid in early diagnosis and monitoring of heart disease. ’ 

Wobbly hedgehog syndrome is a progressive neurologic disease 
commonly reported in African hedgehogs, and a similar disease is 
seen in European hedgehogs as well. The disease is characterized by 
the animals inability to roll into a ball and incoordination progress- 
ing to tetraplegia, seizures, and paralysis. In most affected individu- 
als, onset of clinical signs occurs at less than 2 years of age. 
Histologically, vacuolation of the white matter of the central nervous 
system with neuronal degeneration is seen. Numerous therapies have 
been attempted with little success. Some evidence suggests that this 
disease is hereditary.." 

Nutritional diseases reported in insectivores include hepatic lipi- 
dosis, obesity, and periodontal disease.° Ocular diseases include pro- 
ptosis, corneal ulceration, panophthalmitis, and orbital cellulitis.”” 
Intervertebral disk disease has been reported in hedgehogs and is an 
important differential diagnosis for neurologic disease.” 


REPRODUCTION 
Insectivora 


There is little information on the reproductive biology of many 
insectivores. Most appear to breed seasonally, but some of the small- 
est, short-lived species breed year round. Insectivores have a chorio- 
allantoic placenta, which allows the young to fully develop in the 
uterus..” Gestation length and litter size vary considerably across the 
order. A commonly kept insectivore, the lesser hedgehog tenrec 
(Echinops telfairi), has a mean gestation length of 67.5 days (range 
57-79 days) with an average litter size of three to five.” The tenrec 
(Tenrec ecaudatus) appears to be one of the most prolific mammals, 
with litter sizes up to 32 reported. ” Selected reproductive parame- 
ters are listed in Table 34-6. 

Some species of shrews exhibit caravanning behavior: The young 
follow each other in a single file while gripping the rump of the 
one in front. The first of the offspring in the line grips the dam's 
Trump.” 


Macroscelidea 


Elephant shrevvs are generally monogamous. Females exhibit poly- 
ovulation, in which up to 100 eggs are ovulated vvith most becoming 
fertilized. Only one to three eggs will implant in the uterus and 
develop. Elephant shrevvs give birth to precocial young and may 


produce several litters per year. The females leave the young alone 
in the nest most of the time and return to nurse them once daily.” 


Scandentia 


Tree shrews are monogamous and form strong pair bonds. In captiv- 
ity, most species develop a linear hierarchy based on aggression. The 
dominant male is the only one to mate with the females. Postpartum 
estrus occurs, and evidence of delayed implantation exists. Tree 
shrews have endotheliochorial placentation, with two placental disks 
that attach to specialized pads in the uterine wall. Females give birth 
to altricial young in a “juvenile nest,” which is separate from the 
“parental nest.” Young are suckled once every 48 hours.” 
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OVERVIEW AND NATURAL HISTORY 


Bats have always fascinated people. Unfortunately, much of the con- 
notations around them have been negative. Their odd appearances, 
nocturnal life styles, and the fact they harbor a variety of zoonotic 
diseases, particularly rabies, have lead them to be feared rather than 
respected. However, beneath the surface of the legend, they are 
members of a diverse group of animals, many of which are essential 
for the maintenance of ecosystems. In fact, because of disease and 


habitat destruction, humans are a greater threat to bats than they are 
to humans.” Recent events such as the emergence of white nose 
syndrome (WNS) and the continued recognition of metabolic dis- 
eases in captive bats have shown that much more research is needed 
into the medical and environmental needs of these animals. Improv- 
ing veterinary care, conservation efforts, and captive husbandry 
relies on a deeper understanding of bat biology and how these 
unique animals fit into larger ecosystems. 
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What is known about bats is that they belong to the order Chi- 
roptera, literally meaning “hand wing.” Some mammals such as 
emurs and squirrels may parachute, but only bats have powered 
light. It is this unique anatomic feature and the ability to fly that 
distinguish bats from all other mammals. Their wings are actually 
modifications of the standard mammalian hand consisting of elon- 
gate, slender phalanges spanned by a thin, tough wing membrane 
hat serves as a flexible airfoil.” This anatomy lends a high degree 
of adaptability and maneuverability to the flight of bats and allows 
fine adjustments to navigation. 

Ancestors of modern bats first appeared, as evidenced by fossil 
records, approximately 53 million years ago. As is the case today, 
ancestral bats were distributed worldwide and appear to have been 
capable of flight. Today, at least 1240 known species of bats exist, 
accounting for 20% of all known mammals. They are found on all 
continents except Antarctica and inhabit a variety of environmental 
and dietary niches. >° 

Traditional subdivisions of Chiroptera are the two suborders 
Megachiroptera and Microchiroptera.” Current theory suggests that 
both groups evolved from a common flighted ancestor, and this is 
generally supported by molecular evidence. Fossil evidence shows 
that these ancestral bats displayed many modern characteristics, 
including the ability to echolocate and specializations for fruit and 
nectar feeding. Despite the terminology, it is ecology and anatomy, 
not size, that distinguishes the groups. Megachiroptera include “fruit 
bats,” which eat fruit, nectar, and pollen. They are efficient climbers, 
as they have a claw on each wing, and have excellent eyesight. 
Microchiroptera species may feed on a variety of mammals, reptiles, 
fish, fruit nectar, and, in some cases, blood. Their eyesight is poor, 
and they have relatively small eyes. Hence they rely on echolocation 
or navigation and hunting.” 

Bats are found in a variety of habitats, ranging from arid to tropi- 
cal. Some have limited home ranges, and some range widely. Most 
species of bat are found in tropical or subtropical regions, where they 
may remain year round. Those inhabiting less temperate areas must 
adapt to survive inhospitable climates. Some species migrate, whereas 
others hibernate. Both survival strategies require specializations. 
Migratory bats have narrow, more pointed wings that provide more 
efficient wing strokes for sustained flight. Both hibernating and 
migratory bats have developed life histories, which allow them to 
increase fat store prior to hibernation, and thus rely on abundant 
steady food supplies during certain times of the year.” Hibernating 
bats undergo profound physiologic alterations during hibernation, 
which result in decreased metabolism, body temperature, and modu- 
ation of the immune system. Having an abundant food supply 
available after hibernation is essential for the survival of these bats. ” 

The diets and sizes of modern bats are as diverse as their habitats. 
At one end of the size spectrum is the Kittis hog-nosed bat (Cra- 
seonycteris thonglongyai). This bat may be the world’s smallest 
mammal, with a length of 29 to 33 millimeters (mm) and weighing 
a mere 2 to 2.6 grams (g). Also known as the bumblebee bat, it is 
native to the limestone caves in a small riparian area of Thailand and 
Burma. At the other end of the spectrum is the giant golden-crowned 
flying fox (Acerodon jubatus), which weighs 1.1 to 1.2 kilograms (kg). 
Unlike the insectivorous bumblebee bat, this bat is widely prevalent 
through the Filipino rainforests, where it feeds primarily on figs. 
Both the flying fox and the bumblebee bat rely heavily on their 
unique environments, and both are threatened by deforestation and 
other anthropogenic alterations to their habitats.” 

Approximately 70% of known Chiroptera are insectivorous, and 
most of the other species are fruit eaters. Insectivorous bats may 
either hunt their prey on the wing or glean insects from plants.” 
This distinction becomes important during attempts to get an 
insectivorous species to adapt to a captive diet. More species with 
specialized diets include picivorous bats such as the fish-eating 
myotis (Myotis vivesi) and the greater bulldog (Noctilio leporinus) bat. 
The highly specialized vampire bats, including the hairy-legged 
vampire bat (Diphylla ecaudata), white-winged vampire bat (Diamus 
youngi), and the common vampire bat (Desmodus rotundus), are 


hematophagous and are the only known mammals that are obligate 
parasites. ° Fruit-eating bats may limit their diets to a small number 
of fruits, whereas others are more generalized feeders.” When 
designing plans for conservation or for sustaining bats in captivity, 
it is essential that the normal wild feeding habits of each species 
be understood so as to provide the proper diet and feeding 
opportunities. 


HANDLING, CAPTIVE MANAGEMENT, 
AND DIET 


Handling of Bats 


Regardless of size, bats have the potential to cause injury to handlers. 
All species of bats have sharp teeth, and many have sharp claws. The 
degree of physical damage that can be inflicted does depend on the 
size of the animal, so the extent of personal protective gear depends 
on the species. At the very least, sturdy, bite-resistant gloves should 
be worn while handling these animals. Moreover, bats have the 
potential to spread a variety of zoonotic diseases. The classic bat- 
associated disease is rabies, but other diseases can also be transmit- 
ted. Lysaviruses, filoviruses, and various fungi and bacteria can be 
potentially spread to humans from bats. Individuals working with 
bats should know the risks posed by the species in question and 
should be vaccinated for rabies virus and have their antibody titers 
checked regularly. 

Besides wearing gloves, other precautions include proper training 
to prevent bites and scratches and wearing personal protective equip- 
ment to prevent exposure to aerosols, urine, and feces. These might 
include goggles, face shields, or both, moisture resistant clothing, 
and boots that can be washed and disinfected. Individuals perform- 
ing medical procedures or postmortem examinations on bats shou 
take precautions to avoid needlesticks and ensure that all medica 
waste, sharps, and equipment are properly disposed of. 

Care should also be taken to avoid injuring the bat during han- 
dling. Respiratory function of small bats can be compromised by 
excessive pressure on the chest or neck. The wings of all bats should 
be cared for during handling. This includes ensuring that the wings 
are properly immobilized to prevent fractures and that the wing 
membranes are protected, as these can be torn and may expose the 
animal to infection and possibly prevent proper mobility. 

Proper biosecurity should also be observed when handling both 
free-ranging and captive bats. In captivity, care must be taken to 
avoid exposing bats to potentially infectious material from other 
captive species or having them come in contact with free-ranging 
bats or other wildlife. In the wild, equipment should be disinfected 
between visits to different habitats and even between individual bats 
if infectious diseases are a concern. Biosecurity during fieldwork has 
become an important part of the management strategy during out- 
breaks of WNS in North America and is one way officials are trying 
o prevent the spread of the associated fungus. 


— 


Management of Megachiroptera 


Megachiroptera are a familiar part of many zoologic collections as 
popular inhabitants of nocturnal displays. Species such as Egyptian 
ruit bats are often housed in groups, and their unique appearance 
and active behaviors make them attractive to the public. Even the 
arger, more solitary flying foxes may be found in some of the more 
complete rainforest displays. Despite the fact that these animals are 
requently housed in captivity, much needs to be learned about 
proper husbandry of these animals. What is known is that the hus- 
bandry and dietary needs of Megachiroptera are as diverse as the 
species involved. Thus, a full description of the needs of each species 
is beyond the scope of this chapter. Moreover, the regulations for 
housing these animals are also diverse and dependent on govern- 
ment regulations and the type of facility in vvhich the bats are kept. 
Prior to housing any animals, local regulations governing the main- 
enance of animals in the facility should be consulted. 

In general, as with many nondomestic animals, captive manage- 
ment should be guided by knowledge of the natural history of the 


species in the wild as well as modifications to account for the captive 
environment. Factors to consider include the optimal stocking 
density for a given enclosure, natural photoperiod of the animal, diet 
and feeding schedule, natural temperature ranges, size of the animal, 
and cleaning needs of the exhibit. 

Providing adequate room for the animals to fly is a major con- 
sideration. Not only do bats need facilities that allow flight, they 
must also be housed in facilities from where they cannot easily 
escape when personnel need access to feed or clean the exhibit. 
Safety features such as double doors are highly recommended. 
Although the ability to provide enough room for sustained flight 
might be limited by the size of the animal, they should be able to 
spread their wings and move about the enclosure. Care should be 
aken to ensure that the animals have enough room to avoid damag- 
ing their wing membranes or bones. Species that are known climbers 
should be provided with branches and other materials on which to 
climb or suspend themselves. The animals often rest in an inverted 
position, so they should have enough room to do so without their 
heads, ears, or edges of the wings contacting substrates, as this might 
cause trauma that could result in open wounds susceptible to 
infection.” ”” 
VVith regard to temperature and humidity, no hard and fast rules 
exist for the temperature at which an enclosure should be main- 
ained. Many bats may vvithstand a vvide range of temperatures and 
humidities, but efforts should be made to ensure a constant range, 
as many of these species are tropical and may not be able to tolerate 
ow temperatures or low humidity for sustained periods. Tempera- 
ures between 18°C and 27°C are reported as being adequate, but 
his may vary with species.”””” 

Dietary requirements are also diverse. Flying foxes prefer sweet, 
soft fruits and may be maintained on such foods supplemented with 
vitamins, bone meal, and milk replacer. However, the actual dietary 
requirements of many captive species are unclear. The American Zoo 
and Aquarium Association Chiropteran Taxon Advisory Group pro- 
vides guidelines for the nutrient and mineral content of fruit bat diet, 
and many captive colonies of fruit bats thrive on diets based on these 
guidelines.” Nonetheless, more data on nutrient intake and utiliza- 
tion are required to further refine the nutritional recommendations 
for captive fruit bats and establish the suitability of these recom- 
mendations for different species. 
Several studies have examined captive diets and have focused on 
determining if what the bats consume provides the recommended 
mount of nutrients. Importantly, predicted dietary values and actual 
ietary values may differ. Specifically, vitamins A and E and cascium 
Ca) concentrations have been found to be lower in the actual diet 
han would be predicted on the basis of the ingredients. Similarly, 
race mineral concentrations of phosphorus (P), magnesium (Mg), 
nd zinc (Zn) tend to be higher in left-over food than in the origina 
iet and tend to be high in feces. This discrepancy suggests some 
ietary selection by the animals or that the animals are obtaining 
these elements from alternative sources such as from the galvanized 
materials in enclosures.” Maintaining an overall healthy balance of 
the levels of vitamins in the diet is important, as complex interaction 
between compounds may affect the absorption and excretion of 
other nutrients. Deficiencies or excesses have been associated with 
the development of disease. Vitamin E deficiency has been associated 
with cardiomyopathy and excess flouride with a syndrome of 
hyperostosis.”””” 

As with many frugivores, excess iron in the diet of fruit-eating 
bats may result in hepatic disease. When tissues levels of iron become 
high enough, hepatocytes are damaged, leading to hepatic necrosis 
and scarring of the liver in more chronic situations.” This propensity 
to develop both hepatic hemosiderosis and hemochromatosis likely 
relates to the relative paucity of available iron in the diets of free- 
ranging animals. Frugivorous bats may particularly absorb iron effi- 
ciently, which leads to excessive absorption when iron levels are 
high. The regulation of iron levels is complex and is mediated 
not only by dietary levels but by interactions with other nutrients. 
High concentrations of vitamin C enhance the absorption of iron 
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and may potentiate free radical damage to tissues.” Furthermore, 
other dietary constituents found in the wild and not in captivity 
may serve to mediate iron availability. Tannins, calcium phosphate, 
egg yolk, and bran may inhibit iron absorption. Ferrous iron itself 
is transported across enterocyte membranes to the cytoplasm by 
divalent metal transporter 1 (DMT1). DMT1 may also transport 
other metal ions such as cobalt, lead, zinc, cadmium, and copper. 
The presence of these ions in some cases may upregulate DMT1 and 
thus secondarily lead to increased iron transport. Alternatively, the 
presence of these metals may competitively inhibit ferrous ion 
transport.????*° 

Monitoring and treatment of iron storage disease is an important 
aspect of captive management of frugivorous bats. Although histo- 
pathology is the gold standard for the diagnosis of hemochromatosis, 
ess invasive methods such as use of blood parameters may also be 
used to monitor the development of iron storage disease. Surpris- 
ingly, despite the hepatic damage caused by iron accumulation, 
aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT) are not useful in detecting iron-induced liver damage. Farina 
(2005) studied the correlation of various blood parameters to histo- 
ogic grade of iron deposition and damage in two species of fruit bat, 
he Egyptian fruit bat (Rousettus aegyptiacus), and the island flying 
fox (Pteropus hypomelanus).” Serum iron, transferrin saturation, and 
plasma ferritin showed positive correlation with morphologic hepatic 
iron concentration.” If the product of the serum iron level and the 
ransferrin saturation exceeded 51, the bats had a high probability 
of iron overload. Products greater than 90 indicated a high probabil- 
ity of hemochromatosis. It has yet to be fully determined if these 
echniques may be used to monitor efficacy of treatment for iron 
overload.” 

Management of iron overload begins with feeding low-iron diets 
and managing the levels of other vitamins and factors such as vitamin 
C that may enhance iron absorption. Unfortunately, maintaining low 
levels of vitamin C in a diet based on fresh fruit is difficult. Treatment 
for iron overload may also include addition of dietary chelators, 
phlebotomy, and in some cases an injectable chelator such as defer- 
oxamine mesylate. Addition of even a small amount of tannic acid 
to the diet has been shown to reduce the absorption of iron up to 
40% in captive straw-colored fruit bats (Eidolon helvum).*° However, 
as noted by Farina, tannins may be bitter and unpalatable and may 
not be accepted by all individuals ° 


Management of Microchiroptera 


Like Megachiroptera, Microchiroptera species have widely variable 
habitats, natural histories, and nutritional needs. Compared with 
fruit bats, these animals are more rarely kept in captivity. Thus, 
knowledge of proper environmental and dietary management is 
scant. Depending on the natural habitat of the animal, needs for 
temperature, photoperiod, and humidity may vary widely.” Many 
species may actively alter their body temperature and lower their 
metabolic rate, even to their own detriment, if ambient conditions 
are suboptimal.*'' Thus, when housing these animals, it is advisable 
to provide them with a range of conditions to allow them to choose 
their own optimal microenvironment.”””” As with Megachiroptera, 
Microchiroptera species rest by hanging by their feet. Thus, areas 
rough enough for them to grasp must be provided, but care must be 
taken that the caging material is not so rough that it causes injury 
to the animals. In some research settings, bats are provided with 
strips of cloth, and cloth bags are hung along the edges of the habitat 
to provide rest areas. Whatever is provided, it must be possible to 
clean it adequately (Buckles, personal observation). 

In some situations, inducing hibernation or torpor may be 
required. This may be a difficult endeavor. Some facilities have suc- 
cessfully housed hibernating bats in refrigerated enclosures. It is 
important to maintain proper humidity in these enclosures, as cold 
dry air may cause the bats to rapidly dehydrate. Improper humidity 
may also allow the bats’ wings to be infected by Pseudomonas and 
other bacterial species, causing death from sepsis or toxemia (Buckles, 
personal observation). Before attempting to have these animals 
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hibernate in captivity, it is best to contact someone with previous 
experience for advice on the particular situation to maximize the 
survivability of the bats. 

Diet also presents a challenge in these species. Many of the Micro- 
chiroptera species are insectivorous, and in the wild, they catch food 
while in flight. Other insectivorous bats may pick food off a sub- 
strate. Adapting any insectivorous bat to a captive diet may require 
individual attention to each animal to ensure proper food intake.*’*" 
Some failures to adapt could be related to the fact that the move- 
ments of mealworms do not stimulate the natural prey recognition 
response. In one study, bats were more prone to accept food if arti- 
ficial wings, mimicking the flapping frequency of the natural prey 
items were added to mealworms. 

Both obesity and starvation have been reported in captive insec- 
ivorous bats. In most cases, animals are fed diets consisting of 
artificially raised mealworm larvae. Since insectivorous bats will not 
accept supplementation with commercially available, nutritionally 
balanced diets, they are limited to this single source of food. The 
diets of free-ranging bats are composed of a much wider array of 
insects than is available in captivity and thus provide a more bal- 
anced and complete food source.'’ The captive diets may be low in 
calcium and high in phosphorous. Nutrition may be improved if the 
insects being raised as a food source are placed on a mineral premix 
at least 24 hours before feeding them to the bats. In one dietary 
study, bone densities of captive mustached bats (Pteronotus parnelli 
rubiginosis), an insectivorous species from South America, main- 
tained on unsupplemented insects were examined. The skulls of the 
captive animals were soft on palpation, and bone density was sig- 
nificantly lower than in free-ranging individuals.'’ Once the meal- 
worms were supplemented with calcium, the bone density of the 
animals increased, and no statistical difference between the bone 
density of captive animals fed calcium-supplemented mealworms 
and their free-ranging counterparts was observed.” 

Even when on a calcium-supplemented diet, the captive animals 
tended to have less body mass compared with free-ranging bats. 
However, within the study group, some animals had significantly 
higher body weights than did other individuals. It is possible that 
some individuals adapt better to the captive lifestyle and monopolize 
the food supply. This in itself may present a problem, since meal- 
worms are innately higher in fat than most insects, placing well- 
adapted animals at risk for obesity. ” 

Maintaining proper fat metabolism is particularly important in 
hibernating bats, as the fat depots laid down prior to entering 
hibernacula are their sole source of energy during this period. 
Alterations in fat metabolism during hibernation may lead to bats 
having insufficient energy to survive. ° Alternatively, altered fat 
mobilization caused by hibernation may also cause abnormal metab- 
olism and deposition of lipid within hepatocytes, renal tubular 
epithelial cells, and myocardial cells. Such systemic lipidosis has 
been documented in greater horseshoe bats (Rhinolophus ferrumequi- 
num) dying after transport during hibernation.’’ Additionally, the 
female’s reproductive cycles are suppressed during hibernation by 
interactions of circulating leptin, insulin-like receptor, and insulin 
levels. This affects the amount of stored body fat, and changes in 
the normal lipid or hormonal environment may have adverse 
effects on the reproductive capability of bats after emergence from 
hibernation.”! 


DISEASES OF CHIROPTERA 


Little is known about pathologic conditions in either Megachiroptera 
or Microchiroptera. Reports of disease are sporadic, and a great deal 
of the literature comprises surveys of wild animals that focus on 
pathogens of significance to human health rather than on disease 
states of the bats themselves. Sporadic, often anecdotal, reports of 
unexplained die-offs in fruit bats have been published. These include 
mortality events in Pacific flying foxes (Pteropus mariannus) in Micro- 
nesia, a mass mortality of insular flying foxes (P tonganus) in Fiji, 
and die-offs of unspecified species of fruit bats on the Admiralty and 


Solomon Islands. No investigations were conducted as to the cause 
of these events, but in some cases, these die-offs coincided with 
outbreaks of infectious diseases such as measles in the local human 
population. In other cases, introduction of disease by domestic 
animals was suspected.” 

Until the emergence of WNS in North America, reports of mass 
mortalities in Microchiroptera were rare and often attributed to 
rabies. In the mid-1980s, a thousand dead bats of various species, 
including Myotis spp. and Lassarius spp. were found dead in a Cana- 
dian lake along with dozens of dead mallards. The animals were in 
generally good health, and after laboratory tests confirmed the pres- 
ence of toxic alkaloids, the deaths were attributed to blue-green algae 
toxicosis, as the algae was found covering the carcasses and in the 
water.’ Other causes of significant mortality have been related to 
barotrauma around wind farms because of bats being unable to 
navigate successfully past windmills.”! 

A particularly complete evaluation of causes of mortality of 
German bats has been published.” Various bacterial infections, trau- 
matic injuries, and parasitic infections, as well as physiologic diseases 
such as hypertension, were documented in this study. Additional 
studies correlated disease development with the physiology and 
ecology of the various bat species. ° 


Parasitic Infections 


Reports of fatal parasitic diseases are rare. However, anyone who has 
handled free-ranging bats knows that they often are infested with a 
variety of ectoparasites. In North America, ectoparasites include 
Myodopsylla insignnis, Spinturnix americanus, Cimex adjunctus, Macro- 
nyssu scrosbyi, and Adndrolaelab scasalis. The number of parasites on 
a bat may vary with roost size, energy status, and grooming efficacy.*° 
Ectoparasites have been reported on captive fruit bats, particularly 
those that have been recently captured. Demodex sp. have been 
documented in captive Egyptian fruit bats (R. aegyptiacus) as an 
incidental finding. A single wild-caught Egyptian fruit bat (Rousettus 
aegyptiacus leachi) was reported to be infected with a single Eucamp- 
sipoda africana, a nycteribiid ectoparasite.” 

Although some ectoparasites do feed on blood, bats appear to be 
unaffected, and most infestations are self-limiting. This self-limiting 
nature is likely the immune response. Experimental studies of Sero- 
ine bats (Eptesicus serotinus) demonstrate that the bats develop a 
significant inflammatory response after the attachment of bat tick 
(Argas vespertilionis). The initial response consists of neutrophils fol- 
owed by eosinophils and basophils and centers around the ticks 
mouth parts. Adenosine triphosphatase (ATPase)—positive cells, pre- 
sumed to be Langerhans cells, are frequently present in the lesions, 
and epithelial cell proliferation occurs into the tick mouthparts. It is 
presumed that this cellular and enzymatic environment is not suit- 
able for the ticks and results in resistance to infection.” 

A few surveys of wild populations have documented various 
blood parasites and flagellates. Schizotrypanum has been found in 
Kuhl’ pipistrelles (Pipistrellus kuhli). A trypanosome in the subgenus 
Megatrypanum and a parasite consistent with Herpetosoma has been 
ound in naked-rumped tomb bats (Taphozous nudiventris). In one 
study, 16 bats incidentally caught in mist nets meant for birds in 
Zambia were examined, and 37.5% of these Gambian epaulated fruit 
bats (Epomophorus gambianus) were infected with Hepatocystis epo- 
mophori, a hematozoan parasite.’ 

Endoparasites are found incidentally in Microchiroptera. Dige- 
nean flukes, ascarids, cestodes, and coccidia are common intestinal 
inhabitants (Figure 35-1).’**! Renal coccidia are sometimes encoun- 
tered incidentally on histology. 

Some reports of parasite related mortality have been published. 
Two captive juvenile flying foxes appear to have died because of 
aberrant migration of the nematode Toxocara pteropodis. This nema- 
tode is a frequent intestinal parasite of flying foxes (genus Pteropus) 
inhabiting Oceania and southeastern Asia. ” Nematodes mature in 
the intestines of suckling bats, but the animals clear the infection by 
the time of weaning. Adult bats ingest the eggs and third-stage larvae 
hatch and migrate to the liver and, in females, to the mammary gland 
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FIGURE 35-1 Photomicrograph shovving a Digean fluke in the intes- 
tine of a little brown bat (Myotis lucifugus). Note the brown, opercu- 
lated eggs and the lack of inflammatory response to the parasite. 


where they are passed to the neonates. Infection is common with 
approximately 5096 of juvenile gray-headed flying foxes (P polio- 
cephalus) in eastern Australia having patent infections. Infected bats 
do not usually appear ill. Both the reported fatal cases occurred in 
spectacled flying foxes (P conspicillatus) that had recently been 
brought into captivity.’ Both died acutely between 3 and 8 days of 
capture. In the first, an adult male parasite was found in the gallblad- 
der; in the second, a parasite was found extending from the laryn- 
gopharynx into the esophagus. * 

Another parasite-related mortality occurred in a captive Egyptian 
fruit bat infected with Ecephalitozoon hellum.” This was the first 
report of this disease in a bat. Gross lesions were minimal and con- 
sisted of poor body condition, renomegaly, and a mottled liver. 
Histologically, inflammation was associated with intracytoplasmic 
microsporidian spores. Lesions were particularly prominent in the 
urogenital tract and the liver. It is unknown how this bat acquired 
the infection, but exposure may have occurred because of the prox- 
imity of the bat exhibit to an aviary, as microsporidians are known 
to be passed via bird feces.” 
Evidence suggests that bats can develop Angiostrongylus neuro- 
infection as the parasite has been detected in black- and gray-headed 
fruit bats (Pteropus spp.) with neurologic disease. Bats developed 
paresis and eosinophilic and granulomatous reactions to fifth-stage 
arvae. The clinical syndrome caused by the parasite is indistinguish- 
able from clinical lyssaviral infection.’ 


Bacterial Infections 


Numerous scattered cases of bacteria being isolated from a wide 
variety of bat species have been reported. As with the parasites, many 
of these published accounts have been the results of population 
surveys with little or no attempt to identify clinical disease in the 
bats. Moreover, in some early studies, the species of bat from which 
the bacteria were isolated was not recorded. Nonetheless, bats do 
harbor a wide variety of potentially pathogenic bacteria, including 
Leptospira, Borrelia, Salmonella, Shigella, Escherichia, Enterobacter, 
Citrobacter, Proteus, Alcaligenes, Pseudomonas, Pasteurella, Clostridium 
bacteroides, Mycobacterium, Staphylococcus, and Yersinia.*’ In a survey 
of multiple bat species in Kenya, Bartonella spp. were cultured from 
straw-colored fruit bats (E. helvum), Egyptian fruit bats (R. aegyptia- 
cus), and long-fingered fruit bats (Minopterus sp.).’ Similarly, a 
diverse array of Bartonella spp. was detected in blood from a variety 
of Chiroptera species in Guatemala. Isolates were obtained from both 
Megachiroptera and Microchiroptera, including the common vampire 
bat (Desmodus rotundus).* 

In one of the more comprehensive pathologic evaluations of 
mortality of bats in Germany, 500 vespertilionid bats were examined. 
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Inflammatory lesions associated with bacteria were present in over 
half the bats. Pneumonia was common, and 22 bacterial species were 
associated with various lesions.’ These included Pasteurella, Entero- 
coccus, and Clostridium species.” High genetic diversity in the strains 
of P multocida found in these bats suggests that some infections did 
not originate from bats and may have been acquired through cat 
bites." 

A Pasturella-like organism has been found in various fruit bats, 
including two captive epauletted fruit bats (Epomophorus wahlbergi). 
Disease developed just after their release from 30-day quarantine.” 
One bat exhibited no clinical signs, and the other was noted to be 
anorexic and lethargic just prior to death. Hematology revealed 
multiple hemogram abnormalities, including a degenerative left 
shift, in one animal. Postmortem examination demonstrated bite 
wounds on the wings and ears of one animal and severe necrotizing 
unilateral pneumonia in both individuals. In one animal, an addi- 
tional suppurative esophagitis, epicarditis, and an intermandibular 
abscess were seen. A third bat in the collection developed weight 
loss, lethargy, anorexia, and pleural effusion. Pulmonary lesions 
were noted on radiography. Pasturella-like organisms and toxic neu- 
trophils were detected on tracheal wash. The animal died, and nec- 
ropsy revealed multiple inflammatory nodules in the lungs and 
pleuritis.” 

The same Pasturella-type organism vvas isolated from subcutane- 
ous abscesses in tvvo little golden-mantled flying foxes (Pteropus 
pumilus) that had been housed with a Wahlbergs epauletted fruit 
bat (E. wahlbergi), in another bat with wing fractures and subcutane- 
ous abscesses, and in a large flying fox (Pteropus vampyrus) with 
radiographic signs of pneumonia. This last animal was treated ini- 
tially with enrofloxacin but subsequently developed Staphylococcus 
aureus bronchopneumonia and died despite treatment with trime- 
thoprim sulfa. The collection was screened, and the organism was 
isolated from the pharyngeal swabs of Wahlberg’ epauletted fruit 
bats (E. wahlbergi), large flying foxes (P vampyris), island flying foxes 
(Pteropus hypomelanus), and Rodrigues fruit bats (P rodricensis).” 

One of the more significant reports of bacterial disease in bats 
involves infection with Yersinia pseudotuberculosis. This bacterial 
disease presented as respiratory and skin infections in a closed 
colony of Egyptian fruit bats (R. aegyptiacus).'° Initially, 6 of 125 
animals died over a 6-week period, and 4 additional bats were 
euthanized because of poor clinical condition. Y. pseudotuberculosis 
was cultured from 7 of these animals. Of these bats, 2 had acute 
disease, with sepsis, multi-organ failure, rapid progression, and 
death. The other 8 exhibited a more chronic disease course, with 
necrotizing abscesses in multiple organs, especially the liver, spleen, 
and mesenteric lymph nodes. Subsequently, 12 animals were eutha- 
nized to survey the colony. At postmortem, 41.7% of the animals 
had abscesses in multiple organs. These data, indicating widespread 
asymptomatic disease, led to the depopulation of the colony.” Nec- 
ropsies revealed that 70% of the bats had gross lesions of lymphade- 
nopathy, hepatic abscesses, and splenomegaly consistent with Y. 
pseudotuberculosis. Histologic lesions ranged from mild, suggestive of 
sepsis, to severe necrotizing inflammation associated with gram- 
negative bacteria. The cause of this outbreak was not clear; however, 
necropsies did reveal some previously undetected diseases in the 
colony, including an unspecified species of Demodex Mycobacterium 
avium and Microsporidium hellum.*° The disease outbreak began when 
the population density approached 0.1 bats per cubic foot, and thus 
population density may have been a factor in the outbreak.'° 

The significance of other bacteria is less clear. A survey of over 
2000 bats in Columbia revealed Salmonella in asymptomatic Pallass 
mastiff bats (Molossus molossus), greater fruit-eating bats (Artibeus 
lituratus), and little yellow-shouldered bats (Sturnira lilium). Shigella 
boydii has been found in a Bonda mastiff bat (Molossus bondae). No 
associated disease was noted.’ 


Neoplasia 


Reports of neoplasia in bats are rare. However, as necropsies 
are performed on older captive individuals, this may change, as 
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additional cases are documented. In Microchiroptera, neoplasms, 
including lymphoma in a pallid bat (Antrozeious pallidus), subcutane- 
ous leiomyosarcoma in a Townsend's big-eared bat (Corynorhinus 
townsendii), and biliary carcinoma in a pallid bat (Antrozeious palli- 
dus), have been reported.””” The lymphoma involved multiple 
organs and did not seem to be related to retroviral infection The 
bat with the biliary carcinoma exhibited nonspecific clinical signs 
the day before death, and at necropsy, the infiltrative mass primarily 
affected the left lobe of the liver. Histologically, the mass was com- 
posed of irregular ducts lined by cuboidal epithelial cells along with 
abundant mucin. Multiple metastases were present in the lung. In 
addition, dilatation of the gastric and esophageal lymphatics and 
veins with hemorrhage suggested portal hypertension with forma- 
tion of esophageal varices, common sequelae to this neoplasm in 
humans.° 

Several cases of leiomyosarcoma have been reported in Megachi- 
roptera. One was found in the duodenum and extended throughout 
the abdominal cavity to involve the kidney, stomach, and pancreas 
of an Egyptian fruit bat (R. aegyptiacus). Another was found in the 
uterus of a Seba’s short-tailed bat (Carollia perspiculatta), and still 
another was found in association with a subcutaneous microchip in 
an Egyptian fruit bat. In the latter case, the neoplasm invaded the 
dorsal musculature, extended through the diaphragm and liver, and 
formed small nodules scattered throughout the peritoneal cavity.” 
The widespread metastasis was unusual for a leiomyosarcoma but 
has been reported in domestic animals. 

A more obscure neoplasm has also been reported in an Egyptian 
fruit bat (R. aegyptiacus). The animal was found hypothermic and 
yspneic, with tight abdominal musculature. Imaging revealed 
bdominal fluid, and despite supportive care and abdominocentesis, 
he animal died. Gross necropsy findings included poor body condi- 
ion, dehydration, muscular atrophy, and a solid, light-colored mass 
dherent to the heart and adjacent lung. Histologically, the neoplastic 
ells were variably immunoreactive for both vimentin and cytokera- 
n, leading to a diagnosis of sarcomatoid carcinoma.** These are rare 
neoplasms in humans, and very few are diagnosed in veterinary 
species. * 
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Fungal Diseases—White Nose Syndrome 


It is the emergence of a newly described fungal disease that has 
transformed our understanding of pathogenesis of diseases in Micro- 
chiroptera. Until the first cases of WNS were detected in upstate New 
York, reports of mortality in Microchiroptera were rare. However, 
WNS has been responsible for the death of over 80% of the bats in 
some locations, and estimates indicate that the little brown bat, once 
the most populous bat in North America, could become extinct from 
the lower 48 states if the mortality trend continues.” Researchers 
during the early stages of the outbreak reported hibernacula floors 
being covered in dead bats and the carcasses of some animals still 
clinging to the walls. Sick bats often left hibernation early, only to 
die in the cold and snow of the winter climate (Buckles, personal 
communication). 

The causative agent of WNS, Pseudogymnoascus destructans, is a 
newly described cold-loving fungus, which thrives at temperatures 
between 4°C and 10°C, which explains why the disease targets 
hibernating bats The fungus forms distinctive white colonies in 
culture and on the live bats. The conidia of G. destructans are sickle 
shaped and are pathognomonic for infection with G. destructans.” 
Despite the emphasis on fungal infections of the nasal planum, wings 
are often the most involved areas of skin (Buckles, personal observa- 
tion). Even if the bats survive infection during hibernation, often 
scars or defects persist in the wings. In some cases, these wounds 
are incidental, and in others, they may decrease survivability.” 

Experimentally, G. destructans has been shown to be transmissible 
to healthy bats, and the distinctive lesions of WNS have been repro- 
duced experimentally.” These lesions include surface infection, with 
the fungus progressing to cuplike invaginations of fungal colonies 
into the dermis and ultimately to invasion of the tissue by fungal 
hyphae (Figure 35-2). Little or no inflammation is associated with 


FIGURE 35-2 Photomicrograph of a periodic acid-Schiff stain of 
Pseudogymnoascus destructans infecting the wing of a little brown 
bat (Myotis lucifugus). Hyphae are present on the surface, form small 
cuplike invaginations, and invade the dermis. Characteristic conidia 
are present along the surface of the tissue. 


the fungal infection.” This may be the result of fungal factors or 
immune downregulation that occurs during hibernation.’ Bats 
with WNS arouse frequently from hibernation, which depletes 
the fat depots essential for winter survival, and affected bats are 
often depleted of fat stores by late winter” (Buckles, personal 
observation). 

The reason for this sudden emergence of a new disease in North 
American Microchiroptera is unknown. Recent evidence has shown 
that European bats are infected with G. destructans but exhibit little 
or no mortality.” It appears that the North American outbreak is 
caused by the introduction of the European strains of the fungus into 
hibernacula and into naive bat populations.” 

It is hard to overstate the decimation this disease has caused to 
orth American bats, and the enzootic shows no signs of abating. 
Since detection in New York, WNS has been reported increasingly 
in anumber of states and in Canada (http://whitenosesyndrome.org/). 
Each time, the appearance of the disease results in the same high 
mortality rate. The effect that the disease has on the reproductive 
capacity of those few bats that survive is a focus of current investiga- 
tion. Current evidence indicates extreme depletions of bat pup 
numbers in once-healthy maternity colonies (Buckles, personal 
observation). 

Techniques to manage the spread of WNS have been hard to 
determine. Proposals include providing bats with warm areas in 
hibernacula, in which they may feed and groom to remove the 
fungus, and culling of affected bats.''” It appears that if bats are 
aroused and removed from hibernacula, they may recover from the 
disease. In one study, bats were removed from the wild, made to 
emerge from hibernation, and provided with food. In these animals, 
the G. destructans infection was cleared.”” Although captive treatment 
of endangered bats may be possible, removal of large numbers of 
bats from the environment is not feasible. Moreover, G. destructans 
produces large numbers of conidia that contaminate any environ- 
ment into which bats would be released. To date, no evidence indi- 
cates that bats surviving G. destructans infection develop sustained 
immunity to the fungus. 


Toxic and Metabolic Diseases 


Because many species of Megachiroptera tend to come into human 
areas, exposure to anthropogenic toxins is always a risk. Two gray- 
headed fruit bats (Pteropus poliocephalus) have been reported to die 
of lead poisoning.” They were found moribund in a suburban back 
yard. One was in poor body condition and exhibited muscle fascicu- 
lation, excess salivation, diarrhea, and ataxia. The second bat was 


found unable to fly but otherwise normal. It died prior to full veteri- 
nary examination. At necropsy, one bat had scattered areas of sup- 
purative bronchopneumonia, and both bats had _ perivascular 
hemorrhages in the brain. Intranuclear, eosinophilc, acid-fast inclu- 
sion bodies were detected in the kidneys of both bats, and ultrastruc- 
ural studies showed them to be consistent with lead. In the first bat, 
ead levels were 20.5 milligrams per kilogram (mg/kg) in the kidney 
and 59.5 mg/kg in the liver. In the second bat, the levels were 44.6 
and 18.7 mg/kg, respectively. The source of lead was unclear, as no 
metallic lead was found in the bodies. Lead arsenate used by some 
fruit growers in the area was considered a possible lead source, but 
his was never proven.” 

An alopecia syndrome has been reported in four species of fruit 
bats in Tabasco, Mexico. Affected species include the Jamaican fruit 
bat (Artibeus jamaicensis), the great fruit-eating bat (A. lituratus), the 
ittle yellow-shouldered bat (Sturnira lilium), and the highland 
yellow-shouldered bat (S. ludovici). The hair loss affects areas of the 
chest, with the highest prevalence of the syndrome being during the 
dry season in urban areas.’ Histologically, the affected skin has 
decreased numbers of hair follicles but no inflammation and no 
evidence of an infectious etiology. The cause of the syndrome is 
unclear. Prevalence in urban areas suggests anthropogenic factors. 
Since more females than males are affected, it may also relate 
to seasonal feeding and reproductive cycles. Alopecia has been 
reported sporadically in captive bats and has been attributed to 
endocrinopathies. / 

In one of the few reports on drug toxicity, several dog-faced fruit 
bats (Cynopterus bachyotis) developed generalized paralysis after 
administration of topical ivermectin. The dose of ivermectin given 
was 1.4 to 1.8 mg/kg. Typical absorption rates in other animals result 
in a dose of 9 to 12 micrograms per kilogram (ug/kg); so the dose 
in bats was well within the safe dosage range.” The animals that 
developed clinical signs all died, and postmortem examinations 
revealed mild to moderate acute renal tubular necrosis, with evi- 
dence of regeneration. One bat had a proliferative glomerulonephri- 
is and tubular proteinosis, as well hemorrhagic gastroenteritis. 
Another had suppurative bronchopneumonia. Not all of the treated 
bats developed disease, and it is is unclear why some were spared 
while others were not. Toxicity may be related to the area on which 
he drug was applied. If the doses were applied in areas of frequent 
grooming, some drug may have been ingested. Variations in the 
ability of individuals to metabolize the ivermectin may also be a 
factor. The reason for the renal lesion is unclear. Similar lesions are 
seen in humans with ivermectin toxicity, but in humans, they have 
been linked to factors induced by the death of the parasites. 


PUBLIC HEALTH SIGNIFICANCE 


With the exception of rabies, no largescale or consistent disease 
spillover is proven for bats. However, changes in land use patterns, 
encroachment of humans into previously uninhabited areas, and 
alterations in climate are increasing the probability of human—bat 
interactions. Such changes may be at least partly to blame for an 
increased incidence of vampire bat bites in humans living in areas 
along the Amazon. In light of changing environmental conditions, 
bats could serve to maintain pathogens in the environment at low 
levels, and increased interactions with humans may lead to new 
opportunities for zoonotic spread. 


Rabies and Lyssaviruses 


No disease is more associated with bats than rabies is. This invariably 
fatal neurologic disease is caused by members of the family Rhabdo- 
viridae. Both classic rabies virus and the related lyssaviruses cause 
fatal disease that is clinically identical to encephalitic disease. Rabies 
virus is primarily found in New World bats, whereas lyssavirus 
species are found in Old World bats.” Infection occurs primarily 
through bite wounds, but any wound that results in exposure to 
infected saliva, tissue, or cerebrospinal fluid may transmit the 
viruses. 
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Despite their negative reputation, bats are responsible for only 
one or two direct bat-to-human rabies transmissions each year in the 
United States. However, bats may also transmit rabies to wild 
animals, domestic pets, and livestock. In fact, although most human 
cases of rabies virus exposure in North America involve bat variants 
of the rabies virus, actual exposure occurs indirectly through other 
animals such as livestock or wild carnivores.’””’ In other areas of the 
world, particularly where vampire bats come into contact with 
humans, exposure to bat rabies is more likely to be caused by direct 
bat-to-human contact.’ 

The actual prevalence of rabies virus infection in bats is unclear. 
Many studies base prevalence estimates on the numbers of bats 
testing positive at diagnostic laboratories. Often these animals are 
tested because of abnormal behavior, which has led to a biased study 
sample. Under these circumstances, rabies prevalence in some 
studies is as high as 20.196.” Estimates of rabies prevalence decrease 
substantially when the sample population is more random. A survey 
of 1114 silver-haired bats (Lasionycteris noctivagans) and hoary bats 
(Lasiurus cineresus) randomly killed at wind farms, resulted in an 
estimated rabies virus prevalence of only 0% to 1%.” 

In North America, several of insectivorous bats act as rabies virus 
reservoirs. The virus is most prevalent in bats that live in large 
groups, and this increases the probability of bat-to-bat transmission. 
Serosurveys support the theory that some animals become immune 
to infection as rabies exposure in bat populations is more prevalent 
than active rabies. One study conducted in big brown bats (Eptesicus 
fuscus) and little brown bats (Myotis lucifugus) showed that active 
rabies infection in each population was 3% and 0.3%, respectively, 
whereas seroprevalence was 10% and 20%, respectively.” Some indi- 
viduals in a population appear to develop resistance to the virus, 
some seroconvert after exposure but do not develop disease, and 
others may die. In studies on big brown bats, healthy bats were 
found to have been bitten by known rabid bats and did not develop 
disease. Other bats in the study were seropositive for rabies virus but 
did not develop disease. It is theorized that bats may develop a 
protective antibody response to rabies virus as a result of repeated 
exposure.” 

Less is known about the natural history of lyssaviruses. As with 
rabies virus, exposure to lyssaviruses is common in bats, estimated 
by some to be 60% to 70%, but the actual risk this poses to humans 
is not fully understood. Old World bats are reservoirs for 10 of the 
11 known lyssaviruses; these include Australian bat lyssavirus, Lagos 
bat virus, West Caucasian bat virus, and Khujand virus. Countries 
designated as “rabies free” may have endemic lyssaviruses and have 
in place control measures similar to those for rabies.*” 

Lyssaviruses appear to be transmitted through bite wounds, and 
cases of fatal bat-to-human transmission have been documented. The 
resultant disease in humans is indistinguishable from that produced 
by the rabies virus, and accurate diagnosis is difficult. The incubation 
period for development of disease in humans is unknown, and a case 
of a woman dying of Australian bat lyssavirus encephalitis 2 years 
after a reported exposure has been reported.'* 

Current control of rabies virus is accomplished by preventive 
vaccination and post-exposure treatments of humans and animals. 
In Latin America, where vampire bat (Desmodus rontundus) exposure 
is of particular concern, bat control measures are being explored. 
Anticoagulants placed on the backs of bats are spread in colonies 
hrough allogrooming, which results in hemorrhage and the death 
of the bat.' Although promising, this is a controversial practice, and 
ess lethal measures such as topical administration of vaccines are 
being researched. Similar to the principle of anticoagulant use, the 
vaccine is disseminated within the colony through grooming, and 
vaccine-related mortality is low. Further research is needed to deter- 
mine if this method will work as a long-term strategy for controlling 
rabies in wild populations.' 


Other Potential Zoonoses 


Documenting a pathogen in a bat and proving that it may be passed 
to humans are two different things. Bats are known to harbor a 
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variety of zoonotic bacteria, viruses, and parasites. At least 66 
have been detected in bat tissues, and bats probably have a role 
in the propagation of these organisms.” These include rabies, 
Nipah, Hendra, and severe acute respiratory syndrome (SARS) 
viruses, which are threats to human health.'* However, despite this, 
ungulates, carnivores, birds, and primates are more important 
sources of zoonoses than are bats.” This does not mean that the 
threat is not serious. Characteristics in the life history of bats cer- 
tainly favor disease transmission. Some species of bat may live up 
to 30 years, allowing infectious agents to persist in a population 
for many years. Flight allows them to spread disease over long 
distances. Some bats have been shown to wander as much as 
393 km in a year.” 

Flying foxes are of particular interest as vectors because of their 
propensity to disperse over a large territory and to live in urban areas. 
Tioman virus, a paramyxovirus isolated from fruit bats (Pteropus spp) 
in Malaysia, is of unknown public health importance, but a correla- 
tion may exist between human seroconversion and a history of 
consuming fruits that have been partially eaten by bats. ° In the case 
of the flavivirus Japanese encephalitis virus QEV), experimental evi- 
dence shovvs that bats may act to pass the virus to mosquitos. YEV 
causes approximately 40,000 human cases of encephalitis per year, 
and 25% of cases are fatal.”” 

It is also possible that bats may indirectly pass viruses to humans 
hrough domestic animals. Hendra virus, a paramyxovirus, has 
caused serious outbreaks of human and equine respiratory diseases 
in Australia. During one outbreak, 21 horses and 2 humans were 
reportedly affected. Further research pointed to fruit bats and flying 
oxes as reservoirs for this virus, but little is known about how the 
virus circulates in the wild population. It appears that humans 
became infected through exposure to horses, not bats. It is possible 
hat the horses became infected from bat contact.” 

Similarly, Nipah virus, a paramyxovirus related to Hendra virus, 
has been isolated from pigs and humans with encephalitis and respi- 
ratory illness. This virus appears most prevalent in areas in and 
around Malaysia and Singapore. Sporadic outbreaks of Nipah virus 
infection have been documented in these areas, and it appears that 
humans are most often infected by pigs, but serosurveys indicate that 
antibodies are prevalent in bats, including Indian flying foxes (Ptero- 
pus giganteus), the large flying fox (P vamprus), and variable flying 
ox (P hypomelanus).°° 

Several of the other viruses that bats harbor pose a serious threat 
o human health. Bats are the only nonprimates known to harbor 
Marburg virus and Ebola virus.” Both viruses have been found in 
multiple species of African insectivorous and fruit-eating bats, 
including Egyptian fruit bats (R. aegyptiacus) and straw-colored fruit 
bats (Eidolon helvum). Prevalence rates of these viruses in the bat 
populations vary among different surveys. Estimates range from 
1.4% to 3.1% prevalence in Egyptian fruit bats from Gabon and the 
Democratic Republic of Congo to 2.4% to 12% prevalence in other 
studies. It is known that clinically healthy bats can harbor the viruses 
and that they can remain seropositive for several months. Histopa- 
thology performed on a filovirus-infected bat, captured in Kenya, 
showed no lesions. Filovirus has been found in a clinically healthy 
pregnant Egyptian fruit bat (Rousettus aegyptiacus), and radio- 
transmitter studies have shown that at least one bat lived 13 months 
after being determined to be seropositive for Ebola virus.'’ Neither 
the exact risk of transmission of filoviruses from bats to humans nor 
the mode of potential transmission is clear. Scattered cases of human 
Marburg virus infection have been associated with a history of visits 
to caves in Africa with large bat populations.””” 

Bats have also been implicated as reservoirs for SARS virus, SARS- 
CoV, which emerged in China and resulted in over 900 human 
deaths worldwide. SARS-CoV-seropositive species of horse-shoe 
bats (Rhinolophus spp.), and the Leschenaults rousette (Rousettus 
leschenaultia) have been found in China. No illness has been detected 
in bats, but it is possible that a SARS-CoV-like virus of bats was 
transmitted to humans through exposure to bats sold as bush meat 
in local markets.”” 


Nonviral pathogens are also present in bats or have been isolated 
from guano. As with viruses, the role of bats in disseminating these 
agents to humans or domestic animals is not alvvays clear, but the 
potential for transmission does exist. Among diseases caused by 
fungi, histoplasmosis is the human disease most associated with bats. 
Guano enriches the soil and results in optimal growth conditions for 
this fungus. ” Under proper environmental conditions, the fungus 
produces spores and may cause an acute respiratory disease when 
inhaled by humans or other animals. Individuals visiting caves with 
large bat populations are at particular risk, and the disease has com- 
monly been called “cave sickness.” Other at-risk populations 
include people working around bat feces, and sporadic cases may be 
associated with colonies of bats living in houses. The role of bats in 
causing human histoplasmosis is probably limited given that the 
infection rate among bats seems to be larger than the rates of human 
infection. ” 

Bats themselves do not frequently succumb to histoplasmosis. In 
cases of naturally occurring bat infections, infection occurs via inha- 
ation.”” Histoplasmosis appears to infect and multiply in the intes- 
inal tracts of some bats, and the bats disseminate the fungus both 
by shedding it in their feces and by producing guano.” 

Other species of fungi, bacteria, and parasites of bats with the 
potential to cause human disease have been found in bats, but no 
clear association exists between any of these agents and outbreaks 
of human disease. Wangiella dermatitidis, a pheohyphomycotic organ- 
ism that causes skin disease in humans, has been isolated from the 
internal organs of multiple healthy individuals of bat species, includ- 
ing the pale spear-nosed bat (Phyllostomus discolor), the Pallass 
mastiff bat (Molossus molossus), the little yellow-shouldered bat 
(Sturnia lillium), and the silver-tipped myotis (Myotis albescens).” 
Blastomyces dermatitis has been isolated from the livers of the lesser 
mouse-tailed bat (Rhinopoma hardwickei hardwikei gray) and Paracoc- 
cidioides brasiliensis, Sporothrix schenckii, Trichophyton mentagrophytes, 
Microsporum gypseum, and M. canis have all sporadically been found 
in various species of bats. ””” Bacteria such as Salmonella, Shigella, 
Streptococcus, Staphylococcus, Listeria, Leptosporosis, and Yersinia have 
been isolated from both sick and healthy bats.””* Streptococcus and 
Staphylococcus may act as opportunistic pathogens under the right 
circumstances.’ 

Because of outbreaks of leptospirosis in humans, more organized 
efforts have been made to determine if bats may transmit the bacteria 
o people. Surveys of Australian flying foxes (Pteropus sp.) detected 
antibodies to leptospirosis, and bacteria were found in the rena 
issue from 11% of individuals and urine from 39% of individuals, 
indicating the potential for spread.'* Additionally, some evidence 
suggests positive leptospirosis titers in humans after exposure to 
bats. ° 
Zoonotic parasites, including nematodes, cestodes, and protozoa, 
have been documented in bats. Specifically two species of Schizo- 
rypanum, T. dionisii and T. vespertilonis, have been found in multiple 
species of bats, including the common pipistrella (Pipistrellus pipstrel- 
lus), Leislers bat (Nyctalus leisleri), common noctule ( N. noctula), the 
Serotine bat (Eptesicus serotinus), and Brandts bat (Myotis brandtii).”° 
T. d. dionisii has been found in the bat bug Cimex pipistrella, a parasite 
found in many bat roosts, and parasitic pseudocysts containing 
amastigotes have been found in the thoracic skeletal muscle of P 
pipistrelllus.”° 

Bats are unique in that regardless of the type of pathogen that 
they harbor, bats seem to tolerate the infections without developing 
noticeable disease. This ability for them to act as asymptomatic car- 
riers is one of the most important aspects of bat-associated zoono- 
ses. “ How bats remain healthy while harboring pathogens that 
would kill other mammals is unknown. Some evidence suggests that 
hibernation may alter the immune system of bats./” Other evidence 
suggests that bats co-evolved with these pathogens. Lyssaviruses and 
rabies viruses seem to have evolved with bats, and Hendra and Nipah 
viruses are old viruses that may have circulated in flying fox popula- 
tions throughout evolution.” Even if this phenomenon is the result 
of highly evolved host—pathogen interactions, it is unclear what 


causes these diseases to emerge and enter human populations. Given 
the precarious conservation situation of many bat species, further 
study is needed to determine how pathogens interact with the Chi- 
ropteran immune system and what environmental pressure may lead 
to the spillage of disease from bats to other animals. 


CONCLUSION 


Chiropterans are a remarkable group of mammals that exhibit a 
degree of habitat and biologic diversity that is almost unparalleled 
in the animal kingdom. They have a unique ability to harbor patho- 
gens without succumbing to them, are long lived, and may fly long 
distances, all of which makes them potential vectors and reservoirs 
for a variety of diseases. Although much is known about what patho- 
gens are harbored by bats, little is known about the diseases that 
they succumb to or why they seem to be resistant to numerous 
pathogens. A more nuanced appreciation of these animals has led to 
a better understanding of captive bat management, dietary require- 
ments, and habitat needs, but much needs to be learned. Proper 
captive or wild population management requires an understanding 
of not only the physiology of the individual species but also their 
natural history. 

Unfortunately, regardless of the diversity of bats in the world, they 
all have one thing in common—various threats to their survival. 
These include the emergence of new diseases threatening popula- 
tions, habitat loss, and anthropogenic threats. No easy answers to 
these problems exist, with increasing human populations encroach- 
ing on bat habitats and the development of even environmentally 
friendly energy sources such as wind power, which may have a 
detrimental effect on migratory species. Evidence suggests that 
climate change may decrease reproductive success in bats. Moreover, 
the emergence of disease in these very resilient animals is suggestive 
of more serious environmental problems.” 

The loss of bats, by whatever means, is not just of academic 
importance. Some species of bats are essential to pollination of 
certain plants and in seed dispersal of some trees. Insectivorous 
bats may play a role in regulating the population of agricultural pests. 
The loss of bats has the potential to disrupt many ecosystems and 
negatively impact human food supplies.” 

Despite all the bad news, efforts are underway to help preserve 
bat populations. New technologies for wind turbines are being devel- 
oped to help limit bat mortalities, and studies of bat migration routes 
are helping to determine where wind farms may be placed and do 
the least harm.’' More research is being done on the bat immune 
system, diseases, and nutritional needs. However, these efforts will 
not be enough to save many species, and much more comprehensive 
efforts to understand the biology, ecology, and health of these unique 
animals are needed to secure their future. 
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CHAPTER R : 
Prosimians 
Cathy V. VVilliams 


BIOLOGY 


Prosimian primates are composed of lemurs, lorises, pottos, and 
galagos. The classification of primates remains somewhat controver- 
sial, and taxonomic structure continues to be revised as the increas- 
ing amount of genetic information is reconciled with earlier methods 
of classifications based on morphology and fossil records. Most 
authorities now follow a systematic arrangement in which the pri- 
mates are divided into two suborders: (1) Strepsirhini (i.e., the tooth 
combed primates), and (2) Haplorhini, which includes the tarsiers, 
monkeys, apes, and humans. The Strepsirhine group is further 
divided into two infraorders: Lorisiformes and Lemuriformes. The 
infraorder Lorisiformes includes all the extant African and Asian 
species of lorises, pottos, and galagos, which are represented by nine 
genera and 18 species of small-bodied, nocturnal primates. The 
infraorder Lemuriformes is composed of five families endemic to 
Madagascar: (1) Lemuridae (bamboo lemurs, ring-tailed lemurs, true 
lemurs, and ruffed lemurs), (2) Indriidae (indri, sifakas, and woolly 
lemurs), (3) Cheirogaleidae (mouse lemurs, dwarf lemurs, and fork- 
marked lemurs), (4) Lepilemuridae (sportive lemurs), and (5) 
Daubentoniidae (aye-aye). 

Lemurs are found in a wide range of ecologic niches in Madagas- 
car, including the low to high altitude tropical rain forests on the 
east coast, the dry deciduous forests of the west, and the spiny 
deserts of the south. Lorises are native to Southeast Asia and the 
tropical forests of India and Sri Lanka, and galagos (bush babies) and 
pottos are distributed throughout Africa south of the Sahara.” 

Over the last 2000 years, at least 17 species of lemurs have 
become extinct, and the ranges of most extant species have decreased 
dramatically, largely because of human activity. All prosimian species 
are threatened to various degrees in the wild. All members of the 
family Lemuridae as well as Nycticebus sp. (slow lorises) are listed in 
CITES Appendix I by the International Union for the Conservation 
of Nature (IUCN). Galagos, pottos, and the slender loris (Loris tar- 
digradis) are listed in CITES Appendix IL” Habitat destruction is the 
largest threat; however, hunting for bush meat and capture for sale 
in the pet trade also contribute to their declining numbers. 

Many species are not represented in captivity or are present in 
only very small numbers. Of the lemur species displayed in zoos, 
Lemur catta (ring-tailed lemur) are most numerous followed by 
Varecia (ruffed lemurs) and Eulemur (true lemurs or black and brown 
lemurs). Increasingly, Propithecus (sifaka) and Daubentoina (aye-aye) 
are found on display in North American and European zoos as better 
husbandry and feeding programs for these species are developed. 
Galagos, although not present in zoos in large numbers, are often 
used in research settings. 


UNIQUE ANATOMY 


Considerable anatomic variations exist among prosimian primates. 
Adult weights range from 30 grams (g) for the smallest mouse lemur 
(Microcebus myoxinus) to more than 8 kilograms (kg) for the largest 
lemur species.”” Table 36-1 contains biologic information on prosim- 
ian species commonly kept in captivity. 

All prosimians, with the exception of aye-aye (Daubentonia), have 
tooth combs, an adaptation in which the lower incisors together with 
the lower canine teeth project forward almost horizontally. The tooth 
comb is used for mutual grooming and self-grooming. The typical 
dental formula for prosimians is 2/2, 1/1, 3/3, 3/3, although 


exceptions exist. In the aye-aye, the dental formula is 1/1, 0/0, 1/0, 
3/3. The aye-aye incisors are long, laterally compressed, and continu- 
ously growing as in rodents. The roots of the lower incisors are 
extensive and form a half circle within the mandible, extending 
caudally into the coronoid process. Sifakas (Propithecus) have one 
ess lower incisor (dental formula 2/1, 1/1, 2/2, 3/3), and sportive 
emurs (Lepilemur) lack upper incisors entirely (dental formula 0/2, 
1/1, 3/3, 3/3).7 

Lorisiform prosimians are small bodied and nocturnal. All have 
arge eyes and superior night vision. Galagos are very active animals 
and move quickly through forests by leaping from branch to branch. 
Their body structure is lighter compared with those of lorises and 
pottos. Hindlimbs are noticeably longer than their forelimbs, and 
ails are long. In contrast, all limbs of lorises and pottos are of 
approximately equal length, and tails are short. Locomotion in these 
species is slow and deliberate. The first digits of both the forelimbs 
and the hindlimbs of prosimians are opposable to the remaining 
digits. The second digit of the hindlimb has a claw, which is used 
for grooming, and all other digits have nails as in other primates. 

Among Malagasy prosimians, members of the Cheirogaleidae, 
Lepilemuridae, and Daubentoniidae are nocturnal as is the genus 
Avahi in the Indriidae family. The remaining species exhibit either 
diurnal or cathemeral activity patterns. All species have long tails, 
with the exception of Indri, which has a short rudimentary tail. With 
extremely well-developed hindlimbs, sifaka, Indri, Avahi, and Lepil- 
emur are vertical clingers and leapers. The remaining lemur species 
move quadrapedally along tree limbs or leap from branch to branch.”” 

Although all prosimians are monogastric, the length of the intes- 
tinal tract as well as the size and conformation of the cecum and 
arge bowel vary, depending on the species. In general, the more 
folivorous a species, the larger is the cecum and the more pro- 
nounced is the ability to use microbial fermentation to derive energy 
from fibrous diet items. In members of the Indriidae family, the 
proximal colon forms a spiral and is located in the right anterior 
quadrant of the abdomen adjacent to the body wall.'” 


SPECIAL HOUSING REQUIREMENTS 


Prosimians originate from tropical environments and may be main- 
tained in outdoor enclosures year-round in mild climates. In temper- 
ate climates, enclosed environments with supplemental heat should 
be provided for diurnal lemurs when temperatures drop below 
4.5”C to 7°C (40°F-45°F). Nocturnal prosimians are typically 
housed in indoor environments with temperatures controlled 
between 21°C to 27°C (70°F-80°F). Adequate shade should be 
provided in outdoor enclosures. 

The size and design of enclosures for prosimians depends on the 
species, group size and social dynamics, and the reproductive status 
of individuals. Nocturnal prosimians are generally solitary in nature, 
although some may tolerate living with related individuals or a 
member of the opposite sex in captivity. Diurnal lemurs are social 
and should be housed with a compatible cage mate or social group. 
Flexible enclosure designs that allow physical separation of group 
members while maintaining visual contact are preferable, as indi- 
viduals may require temporary separation for medical or behavioral 
management. Choosing flooring substrates and cage furniture mate- 
rials that are sanitized or replaced easily is important for minimizing 
environmental pathogen loads. Branches and perches are added to 
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TABLE 36-1 


Scientific Name 


Common Name Behavior Adult Weight (kg) Geographic Distribution 
Cheirogaleus medius Fat-tailed dwarf lemur Nocturnal 0.15-0.25 Western Madagascar 
Microcebus murinus Gray mouse lemur Nocturnal 0.06-0.1 VVestern Madagascar 
Daubentonia madagascariensis Aye-aye Nocturnal 2.3-3.0 Eastern and western Madagascar 
Eulemur mongoz Mongoose lemur Cathemeral 1.1-1.6 Northwestern Madagascar 
Eulemur macaco Black lemur Cathemeral 2.0-2.4 Northvvestern Madagascar 
Lemur catta Ring-tailed lemur Diurnal 2.0-3.0 Southern Madagascar 
Varecia sp. Ruffed lemurs Diurnal 3.1-3.7 Eastern Madagascar 
Propithecus coquereli Coquerel”s sifaka Diurnal 3.0-4.5 VVestern Madagascar 
Nycticebus pygmaeus Pygmy slovv loris Nocturnal 0.35-0.5 Southeast Asia 
Galago moholi Lesser bushbaby Nocturnal 0.15-0.25 Equatorial Africa 
Otolemur crassicaudatus Thick-tailed bushbaby Nocturnal 1.1-1.5 Equatorial Africa 


maximize the use of vertical and horizontal space. For sifakas, ade- 
quate vertical structures are required to accommodate their vertical 
leaping form of locomotion. Enclosures for multimember groups 
should contain multiple feeding stations to prevent dominate animals 
from monopolizing food. The addition of visual barriers allows sub- 
ordinate animals the option of moving out of sight of dominate 
individuals and decreases tension and fighting. 

Nocturnal species are usually maintained under reversed light 
cycles for display and to allow husbandry staff to readily monitor 
behavior and activity. It is important to provide nest boxes or cham- 
bers for seclusion when desired. Aye-ayes should be provided with 
appropriate material to weave nests. 


SPECIAL PHYSIOLOGY 


Prosimians have a low basal metabolic rate compared with other 
mammals of similar body size.” Behaviors such as basking and hud- 
dling are related to energy conservation and thermal regulation. 
Rectal temperatures of lemurs and bush babies range between 36°C 
to 37°C (97° F-99°F), with that of lorises somewhat lower between 
35°C to 36°C (95° F-97? F).”””” Dwarf lemurs (Cheirogaleus) and, to 
a lesser degree, mouse lemurs (Microcebus) undergo periods of torpor 
or hibernation during seasons of the year when food and water are 
scarce in their native environment. While in torpor, core body tem- 
peratures decrease and often match ambient temperatures for pro- 
longed periods of time and metabolic rates slow dramatically. Body 
temperatures well below 27°C (80°F) are not uncommon in dwarf 
lemurs during torpor.” 

Prosimians have no active mechanism for cooling, and tempera- 
ture regulation is accomplished by limiting activity, seeking cool 
locations during hot weather, and licking hands to generate evapora- 
tive cooling. Capture and handling during warm weather should be 
done early when outdoor temperatures are cool or in temperature 
controlled environments. 


FEEDING 


Feeding strategies in prosimians range from primarily insectivorous 
for some species of galagos to highly folivorous for members of the 
Indriidae family. Bamboo lemurs are highly specialized, and bamboo 
composes 90% to 95% of food consumed in the wild. The ability to 
successfully maintain many prosimian species in good health in 
captivity depends, in large part, on providing diets that closely 
resemble the gross composition of wild diets. The National Resource 
Councils Nutrient Requirements of Nonhuman Primates contains a 
summary of differing prosimian feeding strategies.” A notable 


exception between prosimian and anthropoid primates is the for- 
mer’ ability to synthesize vitamin C endogenously.”’ 

Many prosimians do well with diets composed of commercially 
prepared primate biscuits as a base. Folivorous lemurs such as sifakas 
and bamboo lemurs require high-fiber biscuits designed for leaf- 
eating primates, whereas the frugivorous ruffed lemurs are better 
adapted to biscuits designed for old-world monkeys with intermedi- 
ate fiber levels. Ring-tailed, black, and brown lemurs do well on 
biscuits with either moderate or high levels of fiber. 

Although useful for providing enrichment and variety in the diet, 
provision of commercially available fruits and vegetables should be 
limited as overconsumption contributes to dental disease, diarrhea, 
obesity, and diabetes. Cultivated fruits and vegetables contain high 
levels of sugar and starch and low levels of fiber compared with foods 
consumed in the wild. Domesticated fruits and starchy vegetables 
such as potatoes, corn, and grains, are high in simple sugars, and 
alter microbial populations in the hind gut and should be strictly 
limited or avoided altogether in the diet of folivorous lemurs. The 
addition of locally available fresh leaves and browse is essential for 
folivorous species, whereas including live insects or gums is impor- 
tant for species that have evolved to selectively feed on these items. 
A simple method to calculate the amount to feed a single animal is 
25 grams per day (g/day) per animal of primate biscuit and 35 g/day 
per animal of fruit-and-vegetable mix per kilogram of ideal body 
weight. 


RESTRAINT AND HANDLING 


Because prosimians are relatively small, it is feasible to use manual 
restraint when performing brief examinations or minor treatments. 
Handlers should wear arm guards to protect themselves against 
scratches should an animal grasp the handlers forearm. Physical 
restraint of prosimians weighing less than 1 kg involves initially 
grasping the animal over the back of the neck and around the man- 
dible with a gloved hand to control the head while using a second 
hand to control the abdomen and back legs. 

An animal weighing between 1 and 4 kg is first netted in its 
enclosure or out of a transport kennel. The head is controlled by 
placing one hand around the back of the neck with fingers extending 
around the jaw to secure the head. The second hand is then placed 
under the mandible to gain full control of the head and neck. The 
animal is then brought out of the net and allowed to grasp the han- 
dler’s arm with front and back limbs (Figure 36-1). If more control 
is needed, a second handler restrains the hindlimbs above the stifles 
to prevent injury to the knee joints and extends the legs, while the 
animal is positioned on either its back or abdomen (Figure 36-2). 


FIGURE 36-1 Single-handler manual restraint of a ring-tailed lemur 
(Lemur catta). 


FIGURE 36-2 Two-handler manual restraint of a ring-tailed lemur 
(Lemur catta). 


TABLE 36-3 


Drug Combination Dosage* (mg/kg) 


Duration of Effect (min) 


CHAPTER 36 ° Prosimians 293 


Squeeze cages may be used to restrain medium to large lemurs for 
the administration of intramuscular injections. 


Chemical Restraint 


Dosages of sedatives and immobilization agents are given in Table 
36-2 and useful combination regimes in Table 36-3. When chemical 
restraint is needed to facilitate handling or performance of minor 
procedures, a range of options, spanning mild sedation to full immo- 
bilization, is available. Combining agents takes advantage of the 
synergistic effects of compounds having differing mechanisms of 
action. 

Although ketamine is frequently used in a wide range of primates, 
it has a number of undesirable side effects in diurnal lemurs. When 
used alone, the degree and quality of immobilization is inconsistent, 
vomiting on induction or recovery is common, and seizures may 
occur even within normal dose ranges. The disadvantages are miti- 
gated somewhat by combining ketamine with other agents; however, 
full recovery still requires several hours, which is a distinct disad- 
vantage over other options.” 


Anesthesia and Surgery 


When general anesthesia is required, it is desirable to give pre- 
anesthetic medications whenever possible, as this provides a 


TABLE 36-2 
Dosage Route of 

Agent (mg/kg) Administration Reversal” 
Diazepam 0.25-0.5 PO, IV Flumazenil 
Midazolam 0.1—0.3 IM, IV Flumazenil 
KetamineT 5-15t IM None 
Tiletamine/ 5-10 SC, IM None/ 

Zolazepam Flumazenil 
Dexmedetomidine 0.02 IM Atipamezole 
Butorphanol 0.1-0.4 IM Naloxone 
Fentanyl 0.001-0.03/ IV CRI Naloxone 

hour 

Propofol 3-6 IV None 


*Doses for reversal agents: atipamezole (0.2 mg/kg, IM); naloxone 
(0.02 mg/kg, IM); flumazenil (0.02 mg/kg, IV). 

tKetamine is not recommended for use alone in prosimians. 

CRI, Constant rate infusion; /M, intramuscularly; /V, intravenously; PO, 


orally; SC, subcutaneously. 


Level of Sedation 


Dexmedetomidine/Midazolam 0.02 / 0.2 30 Light to moderate sedation 
Midazolam/Ketamine 0.2 / 5-10 20-30 Heavy sedation to complete immobilization 
Dexmedetomidine/Ketamine 0.02 / 3-5 10-20 Heavy sedation to complete immobilization 
Butorphanol/Dexmedetomidine/Ketamine 0.3-0.4 / 0.02 / 3-5 15-20 Complete immobilization 
Butorphanol/Dexmedetomidine/Midazolam 0.3-0.4 / 0.02 / 0.2-0.3 30-50 Complete immobilization 
Tiletamine/Zolazepam 5-10 60 Complete immobilization 


*All drugs are given intramuscularly. 
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smoother induction and more stable plane of anesthesia while 
decreasing the amount o[ other agents needed to maintain a surgical 
plane of anesthesia. Isoflurane and sevoflurane are suitable inhala- 
tion agents for inducing and maintaining general anesthesia in pro- 
simians. When inducing animals in a chamber or via a mask, 
sevoflurane is the preferred agent, as it is less irritating to airways, 
making induction smoother and less objectionable to the patient. 

Intubation may be challenging in aye-ayes (Daubentonia), sifakas 
(Propithecus), and ring-tailed lemurs (Lemur catta) because of the 
limited visibility of the larynx or the narrow openings between the 
vocal folds. Intubation is most easily performed in these species by 
inserting a guide cannula into the trachea and then passing the 
endotracheal tube over the cannula into proper position. Five-French 
(5-Fr) polypropylene suction catheters make good guide catheters 
(Figure 36-3). Once the endotracheal tube is in place the cannula is 
removed. 

Lemurs are highly sensitive to the hypotensive effects of both 
isoflurane and sevoflurane, so it is important to monitor blood pres- 
sure and be prepared to administer intravenous fluids or other sup- 
portive measures as necessary when using these agents. Because of 
their high ratios of surface area to body mass, lemurs develop hypo- 
thermia quickly when anesthetized. Heat loss may be minimized by 
insulating the animals from cold surfaces, providing supplemental 
sources of warmth, and warming the surgical skin preparation solu- 
tions and fluids used for lavage and intravenous administration. 


DIAGNOSTICS 


Performing a complete physical examination and laboratory evalua- 
tion are critical for determining the health status of prosimians 
as in other taxa. Several sites are accessible for collecting blood 
samples. The femoral vein or artery in the region of the femoral 
triangle is the easiest site from where samples can be obtained 
in most prosimians. The main disadvantage with the site is an 
increased risk of serious bleeding following collection if the phle- 
botomist inadvertently hits the artery instead of the vein and ade- 
quate attention is not paid to hemostasis. This is particularly true for 
animals that are manually restrained, as blood pressure may be 
increased secondary to stress associated with handling. The posterior 
tibial vein, or small saphenous vein, running up the posterior aspect 
of the hindlimb, is an ideal site for intravenous injections and 
indwelling catheter placement (Figure 36-4); however, like the 
cephalic vein, it tends to collapse easily, making it suitable for col- 
ecting only small amounts of blood (typically < 1 milliliter [mL]). 
Jugular veins may be used for blood collection and catheter place- 
ment in anesthetized prosimians; however, the short neck length 
makes this site less desirable. 

Hematology and common serum biochemistry reference values 
for various species of captive prosimians are provided in Tables 36-4 
and 36-5, respectively. Urine is collected by using standard tech- 
niques. Cystocentesis and manual bladder compression are easily 
performed under manual or chemical restraint. Urethral catheteriza- 
ion is straightforward in males but is somewhat more complicated 
in females, as the position of the urethral orifice varies, depending 
on the species. In all members of the Lorisidae, the orifice is at the 
tip of the clitoris, whereas in lemurs, it is located in different posi- 
tions between the vagina and the base of the clitoris. Urine specific 


FIGURE 36-3 Endotracheal tube with guide cannula in place. 


gravity in healthy lemurs is frequently isosthenuric and not cause for 
alarm unless other abnormalities are identified on laboratory workup. 

Abdominal radiography is frequently unrewarding in lemurs, as 
heir relatively low level of body fat translates into poor resolution 
of abdominal organs. In sifakas, the location of the spiral colon in 
he right cranial quadrant lies adjacent to the diaphragm, and the 
iver lobes are shifted to the left. 


INFECTIOUS DISEASES 


Infectious and parasitic diseases are summarized in Table 36-6. 


Viral Infections 


Little is known about the sensitivity of the various prosimian species 
to viral pathogens. Herpesvirus has been associated with meningo- 
encephalitis in ruffed and ring-tailed lemurs.””” In one report, the 
virus was identified as Herpesvirus hominus, and the route of infection 
was presumed to be from human exposure. Clinical signs associated 
with the disease included intermittent hindlimb lameness progress- 
ing to seizures, coma, and death. In another report, a herpesvirus 
was identified in lymphocytes of a slow loris with lymphoma." 

A serological survey for viral diseases in wild lemurs tested for 
adenovirus group-specific antibody, influenza A antibody, influenza 
B antibody, parainfluenza 1 antibody, rotavirus group-specific anti- 
body, hepatitis A antibody, and hepatitis B surface antigen and found 
no serum antibody titers. Arbovirus infections of lemurs have been 
investigated in an effort to determine if lemurs serve as natural res- 
ervoirs for pathogens causing human diseases. A small percent of 
free-ranging lemurs in Madagascar have shown titers to West Nile 
virus (WNV) and other alphaviruses and flaviviruses, although 
attempts to isolate viruses from the animals were not successful. 
Experimental inoculations with WNV and yellow fever virus in 
lemurs resulted in transient viremia without clinical signs of illness. 
Antibody titers remained detectable, but viruses could not be iso- 
lated after the initial viremia.” On the African continent, where 
yellow fever exists, galagos and pottos may become infected, and 
clinical disease and death may ensue.'® 


Bacterial Infections 


Reports of tuberculosis (TB) in prosimians are rare, which suggests 
that the disease is uncommon in captivity in developed countries. 
The intradermal tuberculin test using mammalian old tuberculin 
(MOT) and thoracic radiography appear to be unreliable methods 
for diagnosing the disease””” but may provide evidence in support 
of further diagnostics. In cases of suspected TB, gastric or tracheal 
lavage and culture is warranted. 


ə 


FIGURE 36-4 Location of the posterior tibial (small saphenous) vein 
in a brovvn lemur (Eulemun. 
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TABLE 36-4 E —s 


Pygmy Slow Greater Bush Ring-Tailed Coquerel's 
Parameter Loris Baby Lemurt Black Lemur Ruffed Lemurt Aye-Ayet Sifakat 
WBC (x10°/uL) 13.147.5 10.9+5.5 8.63 + 3.84 8.97 + 3.58 7.75 + 3.28 11.91 + 4.18 7.3+43.0 
RBC (x10°/uL) 5.7 251.3 8.38 + 1.26 7.63 + 0.92 8.42 + 1.29 9.29+1.12 7.2 + 0.65 8.26 + 1.34 
HCT (%) 42.4 + 6.3 46.8 + 5.4 50.4 + 6.3 47.3 + 7.0 49.6 + 5.9 47+5 41.6 + 7.2 
Hemoglobin (g/dL) 14.5 + 3.0 15.8 + 2.0 15.55 1:7 15.1 z 2.2 15.8 £ 1.9 16.0 + 1.3 13.8 23 
MCV (fL) 75.1 + 13.8 55.1 + 4.8 65.8 + 6.4 56.8 + 6.0 53.5 + 4.6 66.3 + 3.7 50.6 + 3.3 
MCH (pg/cell) 26.1 + 3.0 18.6 + 1.6 20.3 + 1.6 17.9 £1.4 17:1:51.0 22:2 2121 16.8 =#1.1 
MCHC (g/dL) 35.0+ 5.3 34.0 + 1.5 2 4262.9 32.1 k2.6 32.2 + 2:6 33:6 51.7 33.2 #-1:8 
Platelets (x10°/uL) 341 + 100 300 + 153 270 + 109 205 + 132 351 + 149 346 + 78 377 + 100 
Neutrophils (x103/uL) 3.12 + 2.20 4.02 + 4.31 4.34 + 3.13 4.60 + 2.33 3.96 + 1.97 4.36 + 2.29 4.51 + 2.44 
Bands (x10°/uL) 0.3+0.4 0.53 +0 0.18 + 0.18 0.33 + 0.57 0.27 + 0.73 O0+0 0+0 
Lymphocytes (x103/uL) 8.51 + 4.63 5.31 + 3.12 3.73 + 1.99 3.76 + 2.36 3.18 + 1.93 675+345 2.42+1.21 
Eosinophils (x105/uL) 0.42 + 0.39 0.53 + 0.48 0.35 + 0.36 0.48 + 0.5 0.33 + 0.36 0.14 + 0.21 0.05 + 0.07 
Monocytes (x105/uL) 0.66 + 0.80 0.44 + 0.37 0.37 + 0.41 0.3 + 0.21 0.28 + 0.24 0.56 + 0.43 0.28 + 0.22 
Basophils (x10°/uL) 0:21 + 0.17 0.08 + 0.02 0.05 + 0.06 0.1 + 0.09 0.05 + 0.05 0.02 + 0.05 0.02 + 0.04 


*Values are provided as mean plus or minus (+) standard deviation from composite MedARKs records. 

tValues provided for animals greater than 2 years of age. 

+From Duke Lemur Center in-house MedARKs normal values. 

fL, Femtoliter; g/dL, gram per deciliter; HCT, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, 
mean corpuscular volume; yl, microliter; pg, picogram, RBC, red blood cell; WBC, white blood cell. 


TABLE 36-5 ——. 


Pygmy Slow Greater Bush Rinq -Tailed Coquerel's 

Parameter Loris Baby Lemurt Black Lemur Ruffed Lemurt Aye-Ayet Sifakat 
Calcium (mg/dL) 10.4 + 1.0 9.7+0.7 9.6+0.8 10.5 +4 1.1 9.7 + 1.0 9.7 + 0.9 10.6 + 1.4 
Phosphorus (mg/dL) 4.0+1.7 4.1 + 0.9 5.0 = 1.7 6.2 + 1.6 5.7+1.6 5.2+1.6 4.3+2.1 
Sodium (mEq/L) 149+ 10 147+5 14845 14645 142 +9 143 + 3.4 148 4 
Potassium (mEq/L) 4.1 + 1.0 4.0 + 0.7 4.4 + 0.6 5.5+0.8 45+0.7 5.6 +1.4 4.5 + 1.5 
Chloride (mEq/L) 109+5 11145 108+6 10244 103 +8 112 3 109+ 4.2 
Magnesium (mg/dL) 2.86 + 0.36 — 2.03 + 0.48 1.93 + 0.43 2.17 + 0.63 2.13 + 0.23 1.66+0.3 
BUN (mg/dL) 25411 20+8 2148 20+8 19+8 1925 2356 
Creatinine (mg/dL) 0.4 + 0.2 0.8+0.3 1.0+0.3 0.9+0.2 0.8 +0.5 0.7 + 0.2 0.7 + 0.2 
Total bilirubin (mg/dL) 0.4 + 0.3 0.1 +0.1 0.6+0.4 0.5+0.3 0.3 £ 0.2 0.3 40.1 0.2201 
Glucose (mg/dL) 161 + 62 140 + 53 144 + 78 89 + 34 100 + 34 156 + 40 133 +32 
Creatinine phosphokinase 342 + 456 142 + 157 1032 + 1209 1399 + 1247 749 + 692 197 + 206 306 + 275 

(IU/L) 
Alkaline phosphatase (IU/L) 76 + 46 229 +211 209 + 101 221 + 147 380 + 196 524 + 451 214 + 165 
ALT (IU/L) 89 + 42 50 + 50 95 + 59 117 + 90 109 + 85 12 8 53 + 21 
AST (IU/L) 117 + 49 30 + 13 46 + 34 39 + 39 52 + 35 17+ 15 26+ 13 
GGT (IU/L) 47 + 49 14+6 28 + 18 23 + 99 15.17 21:11 1346 
Total protein (g/dL) EME VO 6.9+0.9 7.3+0.8 7.9+0.8 7.6 £ 0.7 6.0 + 0.6 7.341.1 
Globulin (g/dL) 3.5+0.8 3.1 40.7 16+0.9 2.3 + 0.6 1.92 0.7 2.2 + 0.4 2.5+0.9 
Albumin 4.1 + 0.7 3.7+0.8 5.7 +.09 5.7 = 0.7 5.7 = 0.8 3.9 + 0.4 4.8 + 0.7 
Total thyroxine (T4) (ug/dL) m — 4.59 + 1.73£ 3.01 + 1.294 3.5 = 1.9 2.1+0.89+ 0.88+0.52+ 


Í v—mii[sri r= ss s 
*Values are provided as mean plus or minus (+) standard deviation from composite MedARKs records. 

tValues provided for animals greater than 2 years of age. 

Values are provided as mean plus or minus (+) standard deviation from Duke Lemur Center in-house MedArks normal values. 

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; g/dL, gram per deciliter; GGT, gamma glutamyl transferase; 
mEq/L, milliequivalent per liter; ug/dL, microgram per deciliter; mg/dL, milligram per deciliter; /U/L, international unit per liter. 
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TABLE 36-7 


nün 


TABLE 36-8 


Dosage Route of Generic Route of 

Generic Name (mg/kg) Administration Frequency name Dosage (mg/kg) Administration Organism 
Amoxicillin 10-20 PO BID Thiabendazole 50 PO for 3-5 Nematodes 
Ampicillin 10-30 SC, IM, IV q6-8h days 
Azithromycin 5-10 PO q24h Pyrantel 5-10 PO, repeat in Nematodes 
Cefadroxil 20 PO BID pamoate 2. 
Cëtfazolin 10-30 IM, IV qh Nee 25 PO q24h Protozoa 
Ceftazidirne 30-50 IM, IV q8h Nitazoxanide 25 —” Protozoa 
7:07 11722 İM gan Tinidazole 40-45 PO q24h for6 Protozoa 
Doxycycline 5-10 PO BID days 
Metronidazole 25 PO q24h Fipronil 0.2 mL of 9.8% Topically qövvk Cuterebra sp., 
Trimethoprim/ 25 PO, IM BID solution/kg ticks 

Sulfamethoxazole body weight 
Enrofloxacin 5 PO, SC, IM q24h 


BID, Twice daily; IM, intramuscularly; IV, intravenously; mg/kg, milligram 
per kilogram; PO, orally; q8h, every 8 hours; q6-8h, every 6 to 8 hours; 
q24h, four times every 24 hours; SC, subcutaneously. 


Sepsis is the most common cause of mortality in Coquerels 
sifakas (Propithecus coquereli) in captivity; hence, running blood cul- 
tures in ill animals prior to implementing antibiotic therapy is impor- 
tant. Signs are nonspecific and include lethargy and anorexia with 
or without diarrhea. Ill sifakas invariably develop intestinal ileus, 
which often leads to intestinal bloating that may be confused with 
obstruction. As in other species, sepsis is associated with high mor- 
tality rates. Intensive therapy with intravenous antibiotics and fluids, 
supplemental warmth and oxygen, and correcting pH and electrolyte 
imbalances may improve outcomes if instituted early. 

Lemurs are susceptible to developing Clostridium difficile toxemia 
secondary to antibiotic therapy.** Antibiotics alter gastrointestinal 
microbe populations, creating an environment conducive to C. 
difficile overgrowth. Clinical signs include bloody or severe watery 
diarrhea, lethargy, and anorexia. Diagnosis is by demonstrating 
C. difficile toxins in feces. The condition is fatal if not promptly 
treated. Oral metronidazole is usually effective; however, resistant 
infections may occur. In such cases, vancomycin is the secondary 
drug of choice. Performing transfaunation or fecal transplants by 
using the stool of a healthy individual may be beneficial for restoring 
healthy populations of intestinal microflora. Recommended dosages 
for antibacterial mediations are listed in Table 36-7. 


Fungal Infections 


Fungal infections occur rarely in lemurs in captivity. A case of dis- 
seminated coccidiomycosis has been reported in a ring-tailed lemur,’ 
and an elderly mongoose lemur with uncontrolled diabetes died of 
disseminated cryptococcosis at the Duke Lemur Center (DLC) 
(unpublished data). Oral infections with Candida albicans may occur 
in lemurs treated with long-term antibiotics. 


Parasitic Infections 


Protozoal organisms infecting prosimians include Entamoeba, Tricho- 
monas, Giardia, Cryptosporidium, and Balantidium. Lemurs are fre- 
quently asymptomatic carriers of Giardia. Infections resistant to 
metronidazole may respond to treatment with tinidazole. Sifakas 
(Propithecus) are highly susceptible to developing severe diarrhea 
associated with Cryptosporidium infection. These animals are most 
susceptible at weaning. Supportive care to prevent dehydration and 
to correct electrolyte imbalances is critical. Nitazoxanide decreases 


kg, Kilogram; mg/kg, milligram per kilogram; mL, milliliter; PO, orally; qövvk, 
every 6 weeks; q24h, every 24 hours. 


the rate of shedding of cysts and the severity of clinical signs but 
does not cure the infection. 

Common nematode parasites include oxyurids, ascarids, and 
organisms in the genera Strongylus, Strongyloides, Gongylonema, Phy- 
saloptera, Enterobius, and Trichuris. The preferred method for identi- 
fication depends on the species of nematode and the specific gravity 
of the ova. The eggs of Physaloptera are shed intermittently and are 
heavier than the specific gravity of most standard fecal flotation solu- 
tions. Using Sheathers sugar solution or sodium nitrate solution at 
a specific gravity greater than 1.24 (e.g., 1.25 to 1.27) for flotation 
improves the chance of recovery of ova... Parasiticides used in pros- 
imians are provided in Table 36-8. Preliminary evidence suggests 
that lemurs, particularly sifakas (Propithcus), are susceptible to devel- 
oping transient leukopenia and neutropenia 10 to 14 days following 
treatment with fenbendazole (unpublished data). Until further infor- 
mation is available, it is advisable to avoid using this drug in lemurs 
or to monitor white blood cell (WBC) counts if other suitable options 
are not available. 

Infection with Toxoplasma gondii is common in captive prosimians 
and the disease is frequently fatal.”'° The disease is transmitted via 
ingestion of oocysts from infected cat feces, contaminated soil, 
bedding, or food items. Animals often die acutely. Clinicopathologic 
changes reflect the multisystemic nature of the infection, with ele- 
vated liver and renal function indexes. Diagnosis is often made by 
histologic examination of tissues in animals that die; however, 
tachyzoites may be detected antemortem in liver aspirates from 
infected animals. Determination of toxoplasmosis titers in paired 
serum samples confirms the diagnosis. 

Malaria parasites have been identified in blood samples from a 
variety of different lemur species in Madagascar.”””” Several species 
of Plasmodium have been described; however, there is no evidence 
that these organisms are pathogenic in the lemur hosts or infect 
humans. “ Evaluations of galagos, pottos, lorises, and tarsiers have 
not led to identification of any Plasmodium organisms.'° 


NONINFECTIOUS DISEASES 


Selected noninfectious diseases are listed in Table 36-9. A large 
variety of neoplasms have been reported in lemurs, the most common 
being those affecting the gastrointestinal system (specifically the 
liver), the reproductive system, and the hematopoietic system. 
Readers interested in more detail are referred to a comprehensive 
retrospective review of spontaneous neoplasia in prosimians by 


TABLE 36-9 


Cause 


Disease Species 
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Signs Management 


Diabetes mellitus”? High-carbohydrate diet, 
obesity, and decreased 


exercise are factors 


brown lemurs 


Ring-tailed, black and 


None to varying degrees of High-fiber, low-glycemic index 
weight loss, polyuria, diet 
polydipsia, polyphagia Oral hypoglycemics, insulin, if 
needed 


Increased iron stores in 
the liver 


Hemosiderosis'°*° “° 
brown, and 


ring-tailed lemurs 


Ruffed, black and 


None documented in lemurs 
ante mortem 


Avoid iron-containing 
supplements 
Feed diets high in fiber 


Accumulation of hair in Ruffed lemurs 


stomach from grooming 


Trichobezoars* 


Periarticular Black lemurs 


hyperostosis” 


Genetic proliferative bone 
disease 


Add laxative to diet 
Endoscopic or surgical 
removal 


Abdominal discomfort, 
vomiting 


Nonsteroidal anti-inflammatory 
drugs may slovv progression 
and alleviate discomfort 


Marked svvelling of tarsal and 
stifle ioints, renal failure 


Adapted from Junge R: Zoo and wild animal medicine, 5th ed. Published by Saunders, St. Louis, 2003, p 343. 


Remick.” Hepatocellular carcinoma vvas the most common neo- 
plasm identifted in prosimians. Despite attempts to determine factors 
predisposing prosimians to developing hepatic tumors, no cause has 
yet been identified.” 

Renal disease is a common cause of mortality in older prosimians. 
Species commonly affected include Eulemur, Varecia, Hapalemur, and 
Loris tardigradis. Histopathologic changes at postmortem examina- 
tion include glomerulonephritis, glomerulosclerosis, and chronic 
interstitial nephritis.''>'® Urethral and ureteral obstructions occur 
but are not common. Calcium oxalates stones were identified as the 
cause of ureteral obstructions in two sifakas at the DLC (unpublished 
data). 

Diabetes is common in middle-aged or older lemurs in captivity. 
VValzer” hypothesized that obesity with subsequent hyperinsu- 
inemia is an obligatory stage in the progression to type II, or non— 
insulin-dependent, diabetes mellitus in lemurs, although four black 
emurs at the DLC with no history of obesity developed diabetes, 
which suggests that obesity is not a requirement. As in other pri- 
mates, a high-carbohydrate, low-fiber diet, combined with minimal 
activity, are likely predisposing factors. Because lemurs are prone to 
developing stress hyperglycemia secondary to handling, the workup 
for diabetes should always include measuring serum fructosamine 
or glycated hemoglobin (HbA,,) levels to evaluate blood glucose 
evels over an extended period. Treatment consists initially of modi- 
fying the diets to eliminate simple sugars and starches, increase fiber, 
and feed frequent small meals to minimize spikes in blood glucose. 
The oral hypoglycemic agents glipizide, metformin, and acarbose 
have been used successfully in black lemurs and ring-tailed lemurs 
at the DLC to manage lemurs in the early stages of diabetes (unpub- 
lished data). If diet modification and oral hypoglycemics do not 
sufficiently regulate blood glucose, then insulin therapy is warranted. 
Glargine insulin (Lantus), a recombinant human product, given once 
daily subcutaneously, has been used to achieve glycemic control in 
a ring-tailed lemur. 

Hemosiderosis, excess iron accumulation in tissues, was first 
reported in captive lemurs in the 1980s, prompting concerns that 
iron accumulation poses a serious health threat to captive lemurs.'” 
However, more recent studies comparing liver iron levels in multiple 
species in captivity have failed to substantiate concerns that levels 
are sufficiently high to cause clinical disease or adversely affect 
animal health. ”” In a study comparing liver iron content in three 
species of lemurs, iron levels were highest in ruffed lemurs, lowest 
in ring-tailed lemurs, and intermediate in collared lemurs, which 
suggests that the physiologic regulation of iron absorption may vary 
by species. ° 


REPRODUCTION 


A summary of reproductive parameters for selected prosimian 
species is provided in Table 36-10. 

Unlike anthropoid primates, prosimians have estrus cycles as 
opposed to menstrual cycles. With the exception of aye-ayes 
(Daubentonia), lemurs exhibit seasonal estrus cycles and restricted 
births seasons. Members of the Lorisidae exhibit both patterns, 
depending on the species. Reproductive morphology of prosimians 
includes a bicornuate uterus and epitheliochorial placenta in females 
and an os penis and seminal vesicles in males, aye-ayes being the 
exception with vestigial seminal vesicles.'’ Mammary glands are 
pectoral, abdominal, or both in all species except in aye-ayes, which 
have a pair of inguinal glands. Levels of testosterone and, therefore, 
testes size and levels of aggression increase during the breeding 
season in males of seasonally reproductive species. 


Contraception 


Contraception may be achieved in prosimians either by permanent 
means such as surgical sterilization or via reversible methods 
involving hormonal manipulation. In females, injections of reposi- 
tory progesterone (Depo-Provera), 5 milligram per kilogram (mg/ 
kg), intramuscularly (IM), every 40 days in ring-tailed lemurs and 
every 60 days in other species, render females infertile as do subcu- 
taneous implants of medroxyprogesterone acetate (MGA). 

Gonadotropin-releasing hormone agonists (GnRH agonists) 
Suprelorin (deslorelin) and Lupron are considered safe, reversible 
contraceptives for both sexes of a variety of mammals, but dosages 
and efficacy are not yet established for prosimians. Deslorelin has 
been used with some success to limit intermale aggression in 
bachelor groups of Coquerels sifakas (Propithecus coquereli) and 
black lemurs (Eulemur macaco macaco) (DLC unpublished data). In 
contrast, Lupron used in a bachelor group of collared lemurs 
(Eulemur collaris) did not appear to decrease aggression in this 
species." 


MEDICINE 


Subcutaneous transponder chips are the recommended method of 
permanent identification of prosimians in zoologic collections. Tran- 
sponders are placed subcutaneously between the scapulae. Tattoos 
may be used as an additional means of identification, if desired. The 
preferable location is the nonhaired skin of the medial thigh. For 
animals not on display, applying colored nylon collars with varying 
shapes of dog tags or shaving a ring of fur from the tail at different 


300 


TABLE 36-10 
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Peak Breeding Days between Sperm Gestation Peak Birth Numher of InfantWeight Average 

Season * Cycles Plugs? (Days) Season* Infants Ranges (grams) Weaning Age 
Aye-aye Year round 35-40 N 157-172 Year round 1 100-120 1-2 years 
Collared lemur Nov-Jan 30 Y 120-128 Mar-May 1-2 60-90 3-4 months 
Black lemur Oct-Jan 33 Me 120-129 Mar-May 1-3 60-90 3-4 months 
Mongoose lemur Nov-Feb 30-38 Y 120-128 Mar-Jun 1-2 55-60 3-4 months 
Ring-tailed lemur Oct-Dec 39 Y 130-136 Mar-May 1-2 60-90 3-4 months 
Mouse lemur Apr-Jun 40-60 Y 57-63 Jun-Aug 1-6 8-9 60 days 
Coquerel’s sifaka Jul-Oct Yt 155-168 Dec-Mar 1 90-115 4-6 months 
Ruffed lemur Jan-Feb 35-44 Y 98-102 Apr-May 1-5 100-125 3-4 months 
Pygmy slow loris  Jul-Septt Y 183-198 = Jan—Aprt 1-4 25-30 4-6 months 
Thick-tailed Year round 51 126-136 Year round 1-3 45-50 5 months 

bushbaby 


*Peak seasons are given for North America. 
tSperm plugs inconsistently produced. 


distances from the base provide easy visual aids for differentiating 
animals, but permanent identification is still required. 


Vaccination 


Despite lack of information regarding titer responses of prosimians 
to rabies vaccines, precaution warrants vaccinating individuals with 
a killed vaccine if a risk of exposure to rabies vectors exists. Vaccina- 
tion against tetanus is elective, as no information exists regarding the 
tendency of prosimians to develop the condition. Routine periodic 
physical examinations, dental prophylaxis, and laboratory testing 
under anesthesia are recommended for captive prosimians to detect 
problems early when treatment is most effective. 


Transport 


Preshipment testing should be performed prior to moving prosimi- 
ans between facilities. Common preshipment testing includes a 
physical examination under anesthesia, complete blood cell count 
(CBC) and chemistry screening, fecal examination for ova and para- 
sites, fecal culture for Salmonella, Shigella, Campylobacter, and Yer- 
sinia, and TB testing using MOT. Lemurs may be asymptomatic 
carriers of both Giardia and Cryptosporidium, so specific testing 
aimed at detecting these protozoa is recommended to avoid unknow- 
ingly introducing these pathogens into a receiving institution. Addi- 
tional testing is at the discretion of the receiving institution. Animals 
should be quarantined on arrival before exposure to other animals 
in the new collection. Governmental regulations need to be consid- 
ered; however, agencies are often not prepared with appropriate 
regulations for this taxon. 
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CHAPTER 


= 
The primate order may be broadly divided into prosimians, New 
World (NW) and Old World (OW) monkeys, and great 
apes.1°1?!7**738 The NW and OW monkeys, which are the subject 
of this chapter, represent over 270 species, with several new species 
described in the last decade. NW monkeys are in the Platyrrhini 
parvorder, which includes the Cebidae, Aotidae, Pitheciidae, and 
Atelidae families. The Callitrichinae subfamily of the Cebidae family 
consists of marmosets and tamarins, which are the smallest monkey 


species. The rest of the NW monkeys are small- to medium-sized 
monkeys such as squirrel monkeys (Saimiri sp.), capuchin monkeys 


(Cebus sp.), spider monkeys (Ateles sp.). OW monkeys are all in the 
Catarrhini parvorder and the Cercopithecidae family. They are 
medium- to large-sized monkeys such as macaques (Macaca sp.) and 
baboons (Papio sp.) (Table 37-1).'7°77"** 

NW and OW monkeys exhibit a range of biology, behavior, and 
environmental niches with adaptations for those specializations and 
range across Asia, Africa, South America, and Central America. NW 
monkeys are generally arboreal and live in tropical forests. OW 
monkeys may be arboreal and inhabit forests or largely terrestrial 
and live in more open grasslands (i.e., baboon species); the range of 
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TABLE 37-1 


Common Name 


Scientific Name” 


Adult Weight (kg) 


Geographic Distribution 


Identification 


FAMILY: CERCOPITHECIDAE 
Subfamily: Cercopithecinae 
Genus: Allenopithecus ` Allen's swamp 


monkey 


ot, 6 
Q+, 3.5 


Northwestern Zaire; 
northeastern Angola 


Stocky, pelage olive green dorsally, 
white ventrally, face pink, longer 
hair on cheeks; red scrotum, 
webbing between fingers and toes 


Genus: Cercocebus White-eyed mangabey 


3-20 


Sub-Saharan Africa 


Large, slender bodies, under parts 
fawn or cream, ds ischial callosities 
fused in the midline; moderate 9 
sexual skin svvelling 


Genus: Cercopithecus Guenon 


1.8-12 


Sub-Saharan Africa 


Medium to large; fur is thick, short, 
green, yellow, and black; nose 
spots, moustaches, and beards; 
slender; long tail; small ischial 
callosities; blue scrotum 


Genus: Chlorocebus Vervet; grivet; African 


green 


5-9 


Sub-Saharan Africa 
(introduced on 
St. Kitts, Nevus, 
Caribbean) 


Abdominal skin blue; scrotum and c 
perianal area blue; red penis; long, 
sharp canines 


Genus: Erythrocebus Patas monkey 


Sub-Saharan Africa; 
Senegal to Tanzania 


Large, slender; long limbs, slender tail; 
red brown coarse hair; nose dark 
when young and gray or white in 
adults; small ischial callosities; blue 
scrotum 


Genus: Lophocebus Crested mangabey 


Across Central Africa 


Long limbs and tail; long molars and 
large incisors; estrous anogenital 
swelling or reddening 


Genus: Macaca Macaque 


North Africa; Asia 


Medium to large, heavy bodied; 
brown; narrow nose; sexually 
dimorphic in size; prominent ischial 
callosities; cheek pouches 


Genus: Mandrillus Drill; mandrill 


West Africa 


M. sphinx: large, brightly colored 
muzzle; perianal skin red; scrotum 
pale purple and pink; long tail. 

M. leucophaeus also has olive 
green coat; face black with white 
checks 


Genus: Miopithecus Talapoin 


, 1:2—1.3 
, 0.74-0.82 


oQ 


VVest Central Africa 


Small, fur green, speckled vvith black, 
pale yellow arms and legs; tail equal 
in length to body length; sexual skin 
swelling in Qs 


Genus: Papio Baboon 


14-41 ds 50% 
larger 


Sub-Saharan Africa 


Large dense coat; prominent muzzle; 
tail moderately long; prominent 
ischial callosities, continuous in 
o/separate in 9; € prominent 
canines 


Genus: Theropithecus Gelada baboon; gelada 


g, 20.5 
9, 13.6 


Ethiopian Highlands 


Large, rounded muzzle; upper lip 
long and bulbous; d long dark 
heavy mane; chest bare patch 
with color change in 9 during 
estrus; ischial callosities; €” canines 
larger 


Subfamily: Colobinae 
Genus: Colobus Black-and-white 


colobus monkey 


5.4-14.5 


Africa; Senegal to Kenya 


and Angola 


Large, slender body; long tail; coat 
glossy black, long, with white 
mantling: prominent nose; ischial 
callosities; small thumb 
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TABLE 37-1 
Scientific Name” Common Name Adult Weight (kg) Geographic Distribution Identification 
Genus: Nasalis Proboscis monkey; d, 16-22.5 Borneo; Malaysia; Large; hair dark red to brown; bare 
long-nosed monkey Q, 7-12 Indonesia ace; d nose long, wide, hangs 
over mouth, smaller and upturned 
in Qs; large ischial callosity; 
pot-bellied; 2nd and 3rd toes 
webbed; small thumb, o 5096 
arger than Q 
Genus: Piliocolobus Red colobus d 5.8-12.5 VVestern, central, Dark coat and bright red ventrally; 
Q 5.5-9.1 eastern Africa bright red cheeks and forearms, 
ong tail; small thumb 
Genus: Presbytis Leaf-monkey: surilis, 5.0-8.1 Sumatra, Java; Borneo; Medium to large; long tail; fur long; 
bearded langur; Indonesia ace black; newborns often lighter 
crested langur in color and darken with age; 
opposable thumb; d canines 
arger 
Genus: Procolobus Olive colobus 2.9-11.3 Africa; Senegal to Juveniles of both sexes have perianal 
Zanzibar organs that mimic adult 9 sexual 
swelling; coat olive-brown or 
orange-red 
Genus: Pygathrix Douc monkey, Douc d, 11-17 China; Indonesia Large; short fur; thighs, hands, and 
langur Q, 6.5-12 feet black; legs red; head brown 
and bright chestnut below ears; 
face black or yellow; €” canines 
larger 
Genus: Rhinopithecus Snub-nosed monkey, g, 15-19.8 Southern China; Large; robust body and limbs; 
golden monkey Q, 6.5-10 Northern Vietnam, muzzle vvhite, hairless, coat long, 
Myanmar. multi-colored (yellovvish, brovvn, 
or black), upturned small nose, 
forvvard pointing nostrils, rounded 
face, O larger 
Genus: Semnopithecus Hanuman langur, g, 9-20 Southern Asia Grey to brown coat 
sacred langur Q, 7.5-18 
Genus: Simias Simakobu; pig-tailed d, 7.6-8.7 Mebtawai Islands Large; heavy body; long arms; short 
snub-nose langur Q, 5.2-6.9 slightly furred tail; black-brown coat; 
black hairless face 
Genus: Trachypithecus ` Dusty langur, 4.2-14.0 India; China; Indonesia Dark grey to black; pale markings on 
leaf-monkey; lutung body and head; newborn orange or 
reddish brown (changes to adult 
color at 3 months) 
FAMILY: CEBIDAE 
Subfamily: Callitrichinae 
Genus: Callimico Goeldi”s marmoset, 0.393-0.860 Western Brazil; northern AİlI black, short fur; claws instead of 
callimico Bolivia; eastern Peru, nails except for hallux, which has 
Columbia a nail 
Genus: Callithrix True marmoset 0.100-0.453 Upper and middle Non-opposable thumbs; claws on 
Amazon; Brazilian fingers except 1st digit of toes; 
coast south of the large chisel-like incisors and 
Amazon canines; 9 external genitalia 
resembles G”s 
Genus: Leontopithecus Lion tamarin; lion 0.6-0.8 Southeast Brazil Non-opposable thumbs; claws on 
marmoset fingers except 1st digit of toes; 
fur golden with black markings 
Genus: Saguinus Tamarin 0.225-0.900 Rainforests Central and Non-opposable thumbs; claws on 


South America 


fingers except 1st digit of toes; 
canines larger than incisors 


Continued 


304 PART IV : MAMMAL GROUPS 


TABLE 37-1 
Scientific Name” Common Name Adult Weight (kg) Geographic Distribution Identification 
Subfamily: Cebinae 
Genus: Cebus Capuchin monkey 1.1-3.3 Honduras to northern Short semi prehensile tail; coats black 
Argentina or brown; thumb well differentiated; 
large big toe; clitoris is prominent; € 
larger than O, d canines larger 
Subfamily: Saimiriinae 
Genus: Saimiri Squirrel monkey 0.75-1.10 South and Central Small; fur is short, dense, gray-green 
America to olive; pale on belly; d larger 
than Q 
FAMILY: AOTIDAE 
Genus: Aotus Owl monkey, night 0.6-1.0 South and Central Only nocturnal New World monkey; 
monkey, America grooming claw on 4th digit of both 
douroucouli feet, eyes lack tapetum 
FAMILY: PITHECIIDAE 
Subfamily: Callicebinae 
Genus: Callicebus Titi monkey 0.51-0.73 Columbia to Paraguay; Long, bushy fur; tail long, non- 
south-eastern Brazil prehensile; form strong pair bonds, 
often seen sitting side by side with 
tails entwined 
Subfamily: Pitheciinae 
Genus: Cacajao Uakari 3,4 Northwestern Brazil; Short tail; hairless bright red face; 
9, 2.4-3.5 eastern Peru; lower incisors compressed similar to 
south-western a dental comb; large canines 
Venezuela 
Genus: Chiropotes Bearded saki monkey 2-4 North central Brazil; Medium size; long thick dark coat; full, 
Guyana; French bushy beard; long thick tail 
Guiana; Surinam; 
southern Venezuela 
Genus: Pithecia Saki monkey 0.7-1.7 Guyana southwest to Thick, coarse coat: grey or black long 
Peruvian Amazon hair on head; lower incisors 
resemble dental combs 
FAMILY: ATELIDAE 
Subfamily: Alouattinae 
Genus: Alouatta Howler monkey 4-10 Southern Mexico to Large; robust; long fur; prehensile tail 
northern Argentina hairless on bottom; bare face; large 
modified hyoid specialized for 
producing a loud call (larger in o); 
opposable big toe 
Subfamily: Atelinae 
Genus: Ateles Spider monkey O, 6-10 Mexico to Brazil Long, slender arms and legs, 

Q, 6-8 pot-bellied, 9 larger than d; small 
big toe; prehensile hand: thumb 
small or absent 

Genus: Brachyteles VVoolly spider monkey, 12-15 South-eastern Brazil Large; thick coat; absent thumb, 
Muriqui prehensile tail; naked dark face; no 
sexual dimorphism; small canines in 
both sexes 
Genus: Lagothrix Woolly monkey O, 3.6-10 Middle and upper Large; long, muscular prehensile tail; 
Q, 5-6.5 Amazon basin; dense woolly dark coat; long thumb; 
Eastern Andes; widely divergent big toe; ç 30% 
Amazonas in Brazil longer than 9 
Genus: Oreonax Yellow-tailed woolly CG) 5.7 Peruvian Andes Large; long, muscular, prehensile tail; 
monkey Q, 8.3 long, thick, mahogany coat; yellow 


genital hair tuff under tail; long 
thumb; widely divergent big toe; € 
30% longer than 9 


kg, Kilogram; £o, male; * 9, female. 


some macaques extends to high elevations (i.e., Japanese snow 
monkey M. fuscata). Most are diurnal, but some are largely noctur- 
nal. In general, monkeys live in medium- to large-sized troops, with 
a structured dominance hierarchy consisting of a dominant male, 
multiple females of various ages, and young males. However, some 
species are more solitary and live in smaller family groups, multi- 
male troops, or groups in which females are less submissive. They 
are intelligent and exhibit tool use, prolonged maturation periods, 
ong gestations, extended life spans, complex social relationships 
hat include grooming of troop members, formation of alliances, 
ong-term relationships, use of tactical deceptive behaviors, and 
infanticide following the ascension of a new male to dominance. 
They have many valuable environmental roles, including a signifi- 
cant role in seed dispersal. 121 

Overall, more than half of all nonhuman primate species face the 
hreat of extinction. The greatest threats are posed by habitat destruc- 
ion, modification, and fragmentation, as well as both the local and 
he international bushmeat trade.'°’**! Because of the threatened 
and endangered status of many nonhuman primates, obtaining and 
possessing these species are governed by national and internationa 
regulations such as the Convention on International Trade in Endan- 
gered Species (CITES), in the United States by the U.S. Fish and 
Wildlife Service and various state regulations, and similar agencies 
in other countries. 
Monkeys are popular species for exhibition and biomedica 
research; however, they do not make good pets, and private owner- 
ship is illegal in many parts of the world. Because of a shared 
evolutionary history, human primates are excellent models for non- 
human primate anatomy, biology, physiology, diseases, therapeutics, 
and pharmacology. Much more is written about human primates in 
these disciplines, which provides a ready source of comparative 
medical information that may be applied to the care of nonhuman 
primates. 


UNIQUE ANATOMY 


Nonhuman primates have anatomic features very similar to those of 
humans, including raised papillary ridges (fingerprints); ocular 
adaptations, including convergent eye sockets resulting in binocular 
vision, an overlap of visual fields which enables stereoscopic vision, 
rods and cones for color vision, and a retinal fovea centralis for 
sharp imaging; grasping hands; large brains; clavicles; two pectora 
mammae; and heterodont dentition. The dental formula for all OW 
monkeys is 2:1:2:3and2:1:2:3 and for all NW monkeys 2:1:3:3 
and 2:1:3:3 except for the Callithrix, Leontopithecus, Saguinus, and 
Cebus, which have the same dental formula as OW monkeys. 
Biologic data for representative species are listed in Table 37-1. 
Prehensile tails are only found in some NW monkeys such as howler 
monkeys (Alouatta sp.) and spider monkeys, and ischial callosities 
occur in OW monkeys.'*'’** Opposable thumbs are found in most 
OW monkeys, although some such as colobus monkeys (Colobus sp.) 
have vestigial thumbs. NW and OW monkeys range in size from 
the smallest monkey species the approximately 120-gram (g) pygmy 
marmoset (Callithrix [Cebuella] pygmaea), although some prosimians 
are smaller, to the largest monkey species the approximately 
30-kilogram (kg) mandrill (Mandrillus sphinx), which has colorful 
facial ridges and a bare face. 

In some species such as baboons, a dramatic sexual size dimor- 
phism in size exists, the males being significantly larger than the 
females and possessing large canine teeth, which may inflict serious 
wounds. Howler monkeys have elaborately enlarged hyoid bones that 
help create the unique vocalization for which they are named; male 
lion-tailed macaques (M. silenus) have a flamboyant gray mane; douc 
langurs (Pygathrix sp.) are strikingly beautiful; and the male proboscis 
monkeys (Nasalis larvatus) have a significantly enlarged nose. 

Laryngeal diverticula (air sacs) are present in most NW and OW 
monkeys, and many OW monkey species also have cheek pouches 
in which food is stored during foraging. The OW Colobinae subfam- 
ily (colobus, langurs, proboscis, etc.) are folivorous, with diets 
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consisting largely of leaves and other vegetation. They possess 
complex sacculated stomachs in which foregut microbial fermenta- 
tion takes place, and this deactivates some plant toxins and generates 
volatile fatty acids that are absorbed as an energy source. Similarly, 
NW howler monkeys have hindgut fermentation in the cecum and 
colon..”1725 The complex foreguts of the OW Colobinae and the 
hindgut of NW howler monkeys are susceptible to protozoal (Amoeba 
sp.) infection. Antibiotic treatment in these species may disrupt 
normal microbial digestion, resulting in dysbiosis and diarrhea. If 
this does not resolve with discontinuation of antibiotic treatment, 
transfaunation of stomach contents from a healthy OW monkey from 
the same or a closely related species or, in the case of the NW howler 
monkeys, feces from another howler, may be performed. 


SPECIAL HOUSING REQUIREMENTS 


Housing for NW and OW monkeys must meet their social, environ- 
mental, physical, and behavioral needs, in addition to addressing 
disease transmission concerns. Because of advances in exhibit design 
and construction, in medical treatments, and in the art and science 
of captive care, naturalistic exhibits are much more common than 
was previously possible. 

Effective parasite treatment regimens, in particular, have enhanced 

he ability to maintain nonhuman primates in naturalistic exhibits. 
Design of exhibit and off-exhibit holding areas should prevent 
disease transmission between human and nonhuman. primates 
hrough the use of glass or physical separation that is adequate to 
prevent airborne disease transmission between the public or workers 
and the nonhuman primates. This should be enhanced through 
management and husbandry protocols to ensure the health and 
safety of both human and nonhuman primates. 
With medium- and large-sized nonhuman primates, it is recom- 
mended that the animals be shifted out of the exhibit for servicing. 
In the United States, nonhuman primate behavioral enrichment is 
mandated by the United States Department of Agriculture Animal 
Welfare Act, and all licensed holders are required to have an active 
behavioral enrichment program. A complex physical environment 
hat usually incorporates arboreal elements, distribution of food and 
non-food enrichment items throughout the substrate and exhibit, 
and housing animals in species-specific normal social groups are all 
critical components in the maintenance of healthy nonhuman 
primates. ° 


NUTRITION AND DIET 


NW and OW monkeys may be either generalized or specialized 
feeders, with the majority consuming plants, fruits, nuts, insects, and 
other foods such as small invertebrates. ””” Some dietary specializa- 
tions are a gummivorous diet or a largely frugivorous, herbivorous, 
omnivorous, faunivorous, or folivorous diet, with the digestive tract 
adaptations reflecting the species diet. In all cases, replication of the 
natural diet is recommended. Because the wild diet is varied, the 
common practice is to offer a variety of food items, in the belief that 
nonhuman primates will self-select proper food items for a balanced 
diet. Unfortunately, this is often not the case, and nutritional prob- 
lems such as obesity, nutritional secondary hyperparathyroidism, 
gastrointestinal (GI) problems, and hypoproteinemia may result from 
this feeding strategy. Nonhuman primates will ingest 2% to 4% of 
their body weight daily. In contrast to wild fruits and vegetables, 
many commercially available varieties cultivated for human con- 
sumption are lower in protein (2% to 6% of dry matter [DM]), 
calcium (0.03% to 0.3% of DM), and fiber, and higher in sugar, than 
their wild counterparts. To prevent overconsumption, nonhuman 
primates should generally be fed no more than 30% of DM as 
produce. Because produce contains 10% to 20% of DM, canned 
foods are 40% DM, and biscuits are 90% DM, the diet fed may be 
70% produce and 30% biscuits by weight. If a canned diet is fed, 
50% produce and 50% canned diet should be fed by weight, which 
will equal 30% of the DM in produce.” 
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In general, nonhuman primates have a minimal 796 to 1096 
protein requirement (DM basis), and pregnant or lactating animals 
require 12.596 protein. The National Research Council (NRC) rec- 
ommends 1696 protein on a DM basis for most nonhuman primates 
and 25% for New World monkeys. ” Commercially prepared diets 
vary from 1696 to 26.196 protein (lovver protein diets are used for 
most nonhuman primates and higher protein ones for Nevr VVorld 
monkeys). Because most nonhuman primates are fed commercial 
diets along with low-protein items such as fruit, the total diet offered 
more closely approximates the requirements. 

All nonhuman primates require appropriate ratios and amounts 
of dietary calcium and phosphorus. Calcium deficiency, or imbalance 
in calcium and phosphorus ratios, will result in metabolic bone 
disease (“simian bone disease” or rickets). NW monkeys require 
preformed dietary vitamin D; (cholecalciferol). Sunlight or appropri- 
ate ultraviolet (UV) wavelength exposure is also important for 
calcium metabolism. Marmosets have a vitamin Ds, requirement 
higher than that for other NW monkeys. Additionally, most marmo- 
sets and tamarins are fed insects, which are low in calcium. To 
balance the calcium and phosphorus levels, the insects must be fed 
calcium-rich diet (8%) for at least 48 hours before being consumed. 
Nursing infants also have higher vitamin D requirements for normal 
skeletal growth, and if this is not met, the infant may develop nutri- 
tional deficiency. Both NW and OW monkeys require a dietary 
source of vitamin C. Signs of deficiency may include gingival hemor- 
rhage, loose teeth, epiphyseal fractures, subperiosteal hemorrhage, 
decreased polymorphonuclear leukocyte activity, normocytic normo- 
chromic anemia, and exophthalmos. In young squirrel monkeys, 
cephalhematoma is the most common sign of vitamin C deficiency. 
The requirements for primates have been estimated to be 1 to 25 
milligrams per kilogram per day (mg/kg/day), and stress effects on 
required vitamin C may account for the wide range in the daily 
requirements.’ 

Folivorous species (Colobinae subfamily) present special feeding 
challenges and require diets high in fiber. These species typically 
have either a large complex stomach or enlarged ceca and colon. 
Trachypithecus, Semnopithecus, Presbytis, and Colobus species have sac- 
culated stomachs with two bands of longitudinal teniae. Presbytis 


° 


dietary requirements to avoid dilution of the nutritional quality of 
the diet by overconsumption of enrichment “treats.” Often these 
supplemental environmental or behavioral enrichment items are not 
nutritionally significant but are very important for the psychological 
and social stimulation they provide. 7717257 Dietary indiscretion from 
inappropriate diets, feeding by visitors, or gorging, may lead to GI 
pset; good exhibit design along with management and husbandry 
protocols minimize this risk. 


c 


RESTRAINT AND HANDLING 


hysical restraint is only recommended for smaller nonhuman 
primate species and should only be performed by experienced han- 
dlers. Improperly performed physical restraint may be dangerous 
and stressful for the nonhuman primate and dangerous for the 
handler. Nonhuman primates weighing less than about 10 kg 
(depending on the level of the handlers experience, type of housing, 
and the monkeys disposition) may be manually restrained using 
appropriate gloves and nets, hovvever, this is not recommended for 
macaque species because of the risk of herpes B virus exposure. 
However, larger or more aggressive monkeys should not be restrained 
in this way; instead, specialized restraint devices (“squeeze cages”) 
or chemical immobilization should be employed. In addition, behav- 
ioral training may be used to enlist the voluntary participation of 
nonhuman primates in medical and management procedures. 


av) 


ANESTHESIA AND SURGERY 


A number of anesthetic protocols may be used for immobi- 
lization and anesthesia of monkeys (http://www.primatevets.org/ 


education). 152935 The mo 


large-sized species are either 


cularly İMİ), or ketamine 


st commonly employed for medium- to 
ketamine alone (6—10 mg/kg, intramus- 
(2-4 mg/kg, IM) in combination with 


either medetomidine (0.04—0.06 mg/kg, IM) or dexmedetomidine 
(0.02—0.03 mg/kg, IM), typically combined in one syringe. When 


used in combination, the ef 
midine may be antagonize 
(IM at 5x the dose of mede 


ects of the medetomidine or dexmedeto- 
d by the administration of atipamezole 
omidine or 10x the dose of dexmedeto- 


species have a well-developed intestinal tract.'’ Commercially avail- 


able diets high in fiber, wit 


h a 25% neutral detergent fiber and 12% 


to 16% acid detergent fiber, may be supplemented with leafy vege- 
tables and browse, more closely approximating natural diets. Feeding 


frequently (three or more ti 


mes daily) is important to promote con- 


tinuous fermentation. Some Colobus species develop gluten sensitiv- 
ity enteropathy when fed diets containing wheat, barley, rye, or oats. 
Gluten-free high-fiber monkey biscuits (25% neutral detergent fiber) 
are available and should be fed to Colobus species or any monkey 
with gluten intolerance. Commercial biscuits are formulated to com- 
prise no less than 50% of the diet on an as-fed basis. Any diet 
changes for folivorous species should be done gradually to allow time 
for adjustment of gastric microflora. Diets should be supplemented 
with browse; however, both exhibit plants and browse that are high 
in lignin or indigestible fibers (e.g., acacia or browse with fibrous 
bark or foliage) cannot be digested by gastric microflora and may 
therefore result in phytobezoar obstruction.”'’ Cebidae species are 
mostly omnivores and many feed on fruit and leaves. Aotus species 
mainly consume insects and bats, and both have simple stomachs 
with a variable length small intestine. The faunivores have a simple 
stomach and hindgut and a long small intestine. Gummivorous 
species (i.e., pygmy marmosets) have longer retention times for 
fermentation. ” 

A range of nutritionally complete canned or biscuit primate diets 
are commercially available, and the NW monkey diets include 
vitamin Də. A combination of these commercially prepared diets and 
a mix of fresh fruits, vegetables, produce, and browse, as indicated 
by the dietary specialization, are most commonly fed. In addition, a 
variety of enrichment items should be planned as components of the 
calculated daily dietary requirements. A good general guide is that 
enrichment “treats” should constitute less than 10% of the daily 


midine) to significantly shorten recovery time. 

Reversal is best accomplished by administering the antagonist 
about 20 minutes or longer after initial dosing to allow for ketamine 
metabolism and therefore avoid residual ketamine sedation, which 
could result in ataxia or disorientation during recovery. If ketamine 
is not available, a combination of tiletamine and zolazepam may be 
used 2—5 mg/kg, IM); however, this drug combination results in 
considerably longer recovery times, which should be considered 
while planning how and where the monkey will recover from anes- 
hesia. Atropine is not generally administered unless a specific reason 
or its use exists. All of these protocols are effective in inducing 
excellent muscle relaxation. Other injectable anesthetic protocols 
may be used in particular circumstances, to achieve specific pur- 
poses, or based on drug availability. 
Doses are typically delivered by hand injection to monkeys that 
are conditioned to voluntarily receive injections or are manually 
restrained by hand, in a net, or in a restraint device; or the injection 
is delivered by pole syringe or by dart for other situations. Smaller 
species such as callitrichids may be anesthetized with an inhalant 
anesthetic such as isoflurane, administered either via a face mask to 
a monkey that may be safely manually restrained or by placing the 
monkey into an induction chamber. Once anesthetized by any 
method, anesthesia may be prolonged or the anesthetic plane deep- 
ened through the administration of inhalant anesthesia via a face 
mask. 

Comfortable positioning, maintaining appropriate body tempera- 
ure (i.e., provision of a recirculating hot water pad, heating pads, 
hot water bottles, heat lamps, etc.), and lubrication of the eyes with 
ophthalmic ointment are all important considerations, especially for 
prolonged anesthesia. For longer or more complicated procedures, 
or when a monkey has significant illness, endotracheal intubation is 


recommended because it allows for better respiratory support, 
greater control of the anesthetic plane, and a more effective emer- 
gency response, as needed. Similarly, in those situations, placement 
of an indwelling venous catheter is recommended for administration 
of fluids and immediate access for administration of emergency 
drugs. 

Anesthesia is typically monitored by thoracic auscultation of 
heart and respiratory rates, observation of mucous membrane color, 
assessment of peripheral pulse (typically the femoral artery), electro- 
cardiography (ECG) recording, and pulse oximetry. End tidal carbon 
dioxide (CO;) measurement, direct and indirect blood pressure 
monitoring, and assessment of venous or arterial blood gases may 
also be performed as would be done in humans or domestic animals, 
as indicated by the animals condition or duration of anesthesia. 
Documentation of the anesthetic drugs, doses, intervals, and physi- 
ologic parameters in an anesthesia report is valuable for reference 
during the anesthesia event and for future consultation. 

Common surgical procedures of monkeys include repair of lac- 
erations resulting from conspecific aggression; abscess debridement 
and treatment; dental extractions (especially carnasial tooth root 
infections resulting in facial abscesses); root canal procedures; and 
fracture fixation. All are performed by standard veterinary or human 
pediatric techniques. GI linear foreign bodies from consumption of 
inappropriate plant material,’ and similar complications resulting 
from consumption of other foreign bodies have been observed. Lion- 
tailed macaques have a predisposition to develop inguinal hernias, 
and golden lion tamarins (Leontopithecus rosalia) more often have 
congenital diaphragmatic hernias compared with other species; these 
problems may be surgically corrected.*”>“* 

Elective surgeries include vasectomy, castration, tubal ligation, 
and ovariohysterectomy for contraception. Emergency and therapeu- 
tic reproductive procedures include cesarean section, treatment of 
placental abruption or placenta previa, and treatment of endometrio- 
sis. 75. A postoperative concern is that the monkey with its nimble 
fingers, may remove the sutures, so suture lines should be buried by 
using subcuticular patterns, whenever possible. However, in the 
majority of cases, the monkeys leave the sutures alone. 


DIAGNOSTICS 


Most diagnostic techniques and options employed for small animals 
or in human pediatrics are applicable to NW and OW monkeys. 
Radiography, with routine lateral and ventrodorsal positioning, is 
standard; for larger species, obese individuals, or folivorous primates 
hat have a large fluid-filled complex stomach, an upright sitting 
position and horizontal beam radiography will enhance thoracic 
detail.” Mammography machines provide exquisitely detailed radio- 
graphic visualization and may be used for whole body radiography 
in smaller species or to image the extremities of larger species. Ultra- 
sonography is routinely employed using standard techniques and 
ultrasound probes. For ultrasonographic visualization of the female 
reproductive tract, if animal and probe sizes permit, intrarectal ultra- 
sonography will provide the best visualization of the ovaries and the 
uterus. Flexible and rigid endoscopy allow minimally invasive diag- 
nostic and therapeutic procedures to be performed. 
The femoral, cephalic, or saphenous veins are usually used for 
venipuncture, and the femoral artery is readily accessed for arterial 
sampling.” Routine hematologic and biochemical screening and 
species-specific viral serology are commonly performed. Normal 
physiologic ranges for representative species are provided in Tables 
37-2 and 37-3 (see http://www.primatevets.org/education).°°""? 
Because of the frequency of enteric and diarrheal diseases in 
monkeys, fecal examination is one of the most commonly employed 
diagnostic tests. This should include direct examination of fresh thin 
fecal smears, as this is especially useful for the detection of protozoa 
such as ameba; a routine flotation examination for helminth larvae 
or ova; and a fecal sedimentation examination, which will detect the 
heavy ova of parasites such as Prosthenorchis sp. that are not detected 
by routine fecal floatation.*° Flagellates are frequently observed on 


CHAPTER 37 © New World and Old World Monkeys 307 


direct fecal smear examinations of diarrheic feces. Although they 
rarely may be the cause of enteric disease, in most cases, they are 
nonpathogenic and are secondary to the change in composition of 
he feces. They proliferate in the liquid composition of diarrheic feces 
and are shed because of the increase in fecal frequency. NW monkeys 
frequently have Gongylonema sp. infection of the oral mucous mem- 
branes. In addition to fecal screening, a cotton-tipped applicator or 
similar material may be used to swab along the oral gingival mem- 
branes to manually remove the parasites for diagnosis. 

Microbial cultures are frequently conducted, and when fecal 
aerobic culture is performed on feces, a microbiologic enrichment 
media should be used. This will aid in the culture of enteropathogens 
such as Salmonella sp., Shigella sp., and Campylobacter sp., all of 
which are common causes of diarrheal disease in monkeys. Feces 
may also be submitted for viral screening with electron microscopy 
(EM) or viral cultures performed. Urine can be collected by urinary 
catheterization in both male and female NW and OW monkeys if an 
appropriately sized catheter is available, or by ultrasound guided 
cystocentesis, manual expression of the urinary bladder, or collected 
from the substrate for analysis. Other diagnostic tests (cerebrospinal 
fluid [CSF] collection, thoracocentesis, abdominocentesis, etc.) may 
also be performed using the same principles and procedures as in 
other species. 


THERAPEUTICS 


For most therapeutic agents, dosages for NW and OW monkeys 
are based on guidelines for human pediatric or domestic small 
animal patients, although some specific recommendations for 
nonhuman primates are also available (http://www.primatevets 
.org/education). “70055: Frequently used antibiotics for enteric, 
respiratory, or systemic bacterial infections are trimethoprim- 
sulfa combinations; quinolones; and combinations of aminoglyco- 
sides and penicillin and its derivatives. Metronidazole, especially 
benzoyl metronidazole, which improves palatability, is commonly 
used for enteric protozoal infections. Various anthelmintics are used 
for helminth infections. Motility modifiers (e.g., loperamide) and 
symptomatic treatments (e.g., bismuth subsalicylate) may also be 
used for treatment of diarrheal diseases. 

Enteroparasites may be significant causes of morbidity and 
mortality, especially in newly imported monkeys. A range of para- 
siticides are recommended (Table 37-4; http://www.primatevets.org/ 
education) for the treatment of commonly encountered parasites 
(Table 37-5). 

Oral dosing may be challenging because of the ability of many 
W and OW monkeys to detect medicated food or drink items, and 
animal care staff has to be resourceful and creative in concealing 
medications in food or drink vehicles to administer treatments. Intra- 
muscular treatments may be administered during physical and 
chemical restraint, using behavioral training or a restraint device, or 
hrough remote delivery with a dart or pole syringe. Blood transfu- 
sions may be conducted after performing major and minor cross- 
matches to minimize risk of transfusion reactions.”” Intravenous 
catheters are usually placed in the cephalic or saphenous veins, and 
when intravenous therapy is indicated, animals are usually main- 
tained in a restraint device. Despite the monkeys’ great intelligence 
and manual dexterity, they usually tolerate an intravenous catheter, 
provided the limb is well bandaged. Similarly, casts, other bandages, 
and sutures may usually be maintained, although this may be chal- 
lenging in some individuals. 


DISEASES 


Enteric and respiratory diseases are particularly common in NW and 
OW monkeys and are caused by a range of pathogens, including 
parasites, bacteria, and viruses (Tables 37-5 and 37-6).''"° Zoonotic 
and anthropozoonotic diseases are also common, and this necessi- 
tates the use of personal protective equipment (PPE) and procedures 
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Generic Name (Trade Name) Species Dosage Route Comments 
Albendazole (VALBAZEN) NW and OW 25 mg/kg PO For Filaroides and Giardia: BID for 5 days 
Amitraz (Mitaban) Tamarins 250 ppm solution TP For demodectic mange: place in solution for 2-5 
minutes 
Repeat q14dt for 4 treatments or until lesions resolve 
Azithromycin (Zithromax) Macaques 25-50 mg/kg SQ For malaria: SID for 3-10 days 
İn humans, combined vvith chloroquine 
NW and OW 40 mg/kg IM Give SID for one day, then 20 mg/kg SID for 2-5 days 
Bunamidine (Scolaban) NW and OW 25-100 mg/kg PO For cestodes: give once 
Chloroquine phosphate (Arelan) NW and OW 2.5-5 mg/kg IM For Plasmodium sp.: SID for 4-7 days, then 0.75 mg/kg 
primaquine PO SID for 14 days 
Give chloroquine and primaquine separately to prevent 
toxicity 
NW and OW 5 mg/kg PO; IM For Entamoeba histolytica: SID for 14 days 
NW and OW 10 mg/kg PO; IM For Plasmodium: give once; 6 hours later give 5 mg/kg, 
and 24 hours later give 5 mg/kg SID for 2 days and 
then start primaquine PO 0.3 mg/kg SID for 14 days 
Clindamycin (Antirobe) NW and OW 12.5 mg/kg PO; IM For toxoplasmosis: BID for 28 days 
Dichlorvos (Atgard-V) NW and OW 10 mg/kg PO For Trichuris sp.: SID for 1-2 days 
NW and OW 10-15 mg/kg PO For gastrointestinal nematodes: SID for 2-3 days 
Diethylcarbamazine Citrate Owl Monkey 6-20 mg/kg PO For Filariasis (dipetalonema): SID for 6-15 days 
(Filaribits) 20-40 mg.kg PO For Filariasis (dipetalonema): SID for 7-21 days 
Squirrel Monkey 50 mg/kg PO For Filariasis (adults and microfilaria): SID for 10 days 
Diiodohydroxyquin [iodoquinol] NW and OW 10-13.3 mg/kg PO For Entamoeba histolytica: TID for 10-20 days 
(Yodoxin) Use with metronidazole in severe cases 
NW and OW 13.3 mg/kg PO For Balantidium coli. TID for 14-21 days 
NW and OW 20 mg/kg PO BID for 21 days 
NW and OW 30 mg/kg PO SID for 10 days 
Dithiazanine sodium (Dizan) NW and OW 10-20 mg/kg PO For Strongyloides: SID for 3-10 days 
Doxycycline (Vibramycin) NW and OW 2.5 mg/kg PO For Balantidium: BID for 1 day, then SID for 10 days 
Fenbendazole (Panacur) NW and OW 10-25 mg/kg PO For Anatrichosoma cynomolgi: SID for 3-10 days 
May result in remission 
NW and OW 20 mg/kg PO For Strongyloides sp. and Filaroides: SID for 14 days 
Marmosets 20 mg/kg PO For Prosthenorchis sp.: SID for 7 days 
NW and OW 25 mg/kg PO For Ancylostoma: q7d for 2 times 
NW and OW 50 mg/kg PO SID for 3-14 days 
For Filaroides: SID for 14 days 
Flubendazole 5% (Flubenol) Baboons 27-50 mg/kg PO For Trichuris sp.: BID for 5 days 
Ivermectin (Ivomec) NW and OW 0.2 mg/kg PO; IM; SO For Strongyloides sp., Gongylonema sp., Pneumonyssus 
sp., Anoplura: give once and repeat in 10-14 days 
IM For Ancyclostoma duodenale: give once and repeat in 21 
days if needed 
0.4 ug/kg IM For: Strongyloides sp. in macaques: Dilute with 
propylene glycol 
0.5 pg/kg SQ For Pterygodermatites sp.: SID for 3 days. Dilute in 
sterile water for smaller species (marmosets) 
Levamisole (Levasole) Saki Monkeys 4-5 mg/kg PO For oral Spiruridiasis: SID for 6 days 
NW and OW 5 mg/kg PO Give once and repeat in 3 weeks 
NW and OW 7.5 mg/kg Sa For Trichuris sp. and Ancyclostoma sp.: give once; 
repeat in 2 weeks 
NW and OW 10 mg/kg PO For Strongyloides sp., Filaroides, Oesophagostormum 
sp. and Trichuris 
PO or SQ For Strongyloides sp.: give 2-3 days 
Spider monkeys 10 mg/kg — For Physaloptera sp.: give for 3 days. 
Tamarins 11 mg/kg — For Filariasis: give for 10 days along vvith 


thiacetarsamide sodium at 0.22 mL/kg BID for 2 days 
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TABLE 37-4 
Generic Name (Trade Name) Species Dosage Route Comments 
Mebendazole (Telminic) NW and OW 3 mg/kg PO For Ancyclostoma sp.: SID for 10 days 
NW and OW 15 mg/kg PO For Strongyloides sp., Necator, Pterygodermatitis, and 
Trichuris: SID for 3 days 
For Ancyclostoma sp.: SID for 2 days 
NW and OW 22 mg/kg PO SID for 3 days and then repeat in 2 weeks 
NW and OW 40 mg/kg PO For Pterygodermatites sp.: SID for 3 days repeated 3 to 
4 times yearly as prevention 
NW 70 mg/kg PO For oral spiruridiasis: SID for 3 days 
Repeat treatment periodically 
Callitrichids 100 mg/kg PO For acanthocephalans: treat once every 2 weeks 
Use as a preventive along with surgical removal of 
parasite 
Mefloquine (Lariam) NW and OW 25 mg/kg PO For malarial: give one dose 
Metronidazole (Flagyl) NW and OW 10-16.7 mg/kg PO For Giardia intestinalis: TID for 5-10 days 
[Metronidazole benzoate NW and OW 11.7-16.7 mg/kg PO For Balantidium coli. TID for 10 days 
(Flagyl-S) may be NVV and OVV 17.5-25 mg/kg PO For enteric amoebas and flagellates: BID for 10 days 
compounded with flavored NW and OW 25 mg/kg PO For Tritrichomonas mobilensis, Giardia lamblia: BID for 
syrup, improving palatability] 5 days 
NW and OW 30-50 mg/kg PO For Balantidium coli. BID for 5-10 days 
Moxidectin (Pro Heart) NW and OW 0.5 mg/kg PO; IM For Strongyloides sp.: give one dose 
Niclosamide (Yomensan) NW and OW 100 mg/kg PO For intestinal cestodiasis: give one dose 
Owl monkey 150 mg/kg PO For intestinal cestodiasis: give one dose 
NW 166 mg/kg PO For cestodes, anoplocephalids 
Paromomycin (Humatin) NW and OW 10-20 mg/kg PO For Balantidium coli. BID for 5-10 days 
NW and OW 12.5-15 mg/kg PO For amoebae: BID for 5-10 days; drug has minimal 
absorption—need to use additional drugs for invasive 
disease 
For Entamoeba histolytica: BID for 5-10 days 
Owl monkeys 25-30 mg/kg PO For enteric amoebiasis: BID for 5-10 days 
Cercopithecids 100 mg/kg PO SID for 10 days 
Praziquantel (Droncit) NW and OW 15-20 mg/kg PO; IM Treatment for trematodes 
NW and OW 40 mg/kg PO; IM For Schistosoma sp., other cestodes and trematodes: 
give once 
Primaquine (Primaquine NW and OW 0.3 mg/kg PO For Plasmodium sp.: SID for 14 days; use with 
phosphate) chloroquine 
Pyrantel pamoate (Strongid-T) NW and OW 11 mg/kg PO For oxyurids: give once and repeat in 10 days 
Better than thiabendazole for Trypanoxyuris micron in 
owl monkeys 
Pyrimethamine (Daraprim) NW and OW 10 mg/kg PO For Plasmodium sp.: give once daily 
Monitor for signs of folate acid deficiency and treat 
if needed 
Pyrvinium pamoate (Povan) NW and OW 5 mg/kg PO Give once; repeat every 6 months. 
Quinacrine (Atabrine) NW and OW 2 mg/kg PO For Giardia: TID for 5-7 days 
May cause GI upset in squirrel monkeys 
NW and OW 10 mg/kg PO For Giardia: TID for 5 days. Is 70%-95% effective 
Ronnel (Ectoral) NW and OW 55 mg/kg PO; TP For lung mites and ectoparasitic mites: give q72h for 4 
times and then every 7 days for 3 months topically 
Sulfadiazine (Sulfadiazine) NW and OW 100 mg/kg PO For Toxoplasma: treat along with pyrimethamine 
Sulfadimethoxine (Albon) NW and OW 50 mg/kg PO For coccidiosis: give one dose; then 25 mg/kg/day 
Thiabendazole (Thibenzole) NW and OW 50 mg/kg PO For Strongyloides sp. and hookworms (Necator): SID for 
2 days 
NW and OW 75-100 mg/kg PO Give once and repeat in 21 days 
Tinidazole (Tindamax) Marmosets 150 mg/kg PO For Giardia: SID for one day; then give 77 mg/kg SID for 


4 days 


BID, Twice daily; IM, intramuscular; IP, intraperitoneal; NW, New World monkey; OW, Old World monkey; PO, per os (orally); q7d, every 7 days, q7h, 
every 7 hours; q72h, every 72 hours; SID, once daily; SQ, subcutaneously; TID, three times daily, TP, topically. 
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to minimize disease transmission between human and nonhuman 
primates. The most significant zoonotic diseases are caused by 
viruses and by Mycobacterium tuberculosis complex bacteria, espe- 
cially M. tuberculosis. Other commonly encountered medical prob- 
lems are traumatic injuries from conspecific aggression and geriatric 
conditions, including osteoarthritis, diabetes, and neoplasia, which 
are becoming more common as monkeys live longer in zoo collec- 
tions and research colonies. Common neoplasms include cancer of 
the GI, integumentary, reproductive, and hematopoietic systems.” 7 
Mycotic infections are not frequently observed in NW and OW 
monkeys. Although once common, diseases such as lead toxicity, 
vitamin C deficiency (scurvy), and metabolic bone disease are 
now rarely observed in well-cared-for primate colonies and zoo 
collections. ”” 

Enteric disease is most commonly caused by bacteria, viruses, 
parasites, or dietary indiscretion, although metabolic or degenerative 
disorders may also have diarrhea as a component of the clinical 
presentation. Common bacterial enteropathogens causing enteric 
disease include enterotoxigenic Escherichia coli, Yersinia enterocolitica 
and Y. pseudotuberculosis, Salmonella sp., Shigella sp., and Campylo- 
bacter sp.; Campylobacter sp. is more common in NW monkeys, 
especially callitrichids.*'’”° Although a number of viral diseases may 
cause enteric disease, they are often not definitively diagnosed 
because the appropriate diagnostic tests (fecal viral EM or culture) 
are less commonly performed compared with fecal direct and indi- 
rect examination and bacterial culture. 

Both helminth and protozoal parasites are common causes of Gl 
disease.*” Helminth parasites such as Gongylonema sp., Pterygoder- 
matites nycticebi, and Prosthenorchis sp. are particularly hard to control 
because a range of invertebrates, including cockroaches, may serve 
as intermediate hosts. Prosthenorchis species are significant pathogens 
because they may penetrate the intestinal wall and cause peritonitis. 
Strongyloides species are also responsible for significant morbidity 
because of larval migrations, and S. stercoralis is particularly patho- 
genic because of the propensity for autoinfection and resulting 
hyperinfection. Entamoeba histolytica and Giardia intestinalis are 
common protozoal pathogens that cause acute enteritis and may 
precipitate secondary bacterial septicemic disease. E. histolytica 
causes necroulcerative colitis, and in folivorous species, fatal gastritis 
is reported. Parasitic diseases can be transmitted from nonhuman 
primates to humans, but this risk may be minimized by effective 
hygiene and personal protective procedures. 

Respiratory diseases may be caused by viral infections, but 
similar to viral causes of enteric diseases, they are less frequently 
diagnosed, although infections with paramyxoviruses and influenza 
A and B viruses are common.”” These viruses often precipitate 
bacterial infections, of which Bordetella bronchiseptica, Klebsiella 
pneumoniae, and Pasteurella sp. are common.” In recently 
imported monkeys, nasal and pulmonary acariasis caused by Pneu- 
monyssus sp. or Pneumonyssoides sp. may contribute to secondary 
bacterial infections.” 

Disease in NW and OW monkeys caused by M. tuberculosis 
complex bacterial infection is less common than it once was. 
However, it still occurs, especially in nonhuman primates imported 
from areas of the world where human M. tuberculosis infection 
is prevalent. The infection is originally transmitted to monkeys 
through contact with infected humans, then monkeys transmit the 
infection within the group. M. bovis is observed even less often but 
may occur. M. tuberculosis complex bacterial infection is less com- 
monly observed in NW monkeys, but they are also susceptible to 
infection and may develop classic disease (personal communication, 
Enrique Yarto, DVM, President of Instituto Mexicano de Fauna Sil- 
vestre y Animales de Compania, Mexican Institute for Wild and 
Companion Animals). ° Although M. tuberculosis complex bacterial 
infection of nonhuman primates is usually a respiratory infection, 
systemic spread is common. Clinical signs are generally nonspecific, 
and monkeys may die of disseminated disease without premonitory 
signs. Tuberculous lesions in NW and OW monkeys do not calcify 
as often as they do in humans.'*!***?°? Since the development of 


he eyelid intradermal tuberculin test for diagnosis of tuberculosis 
in monkeys by Dr. Charles Schroeder at the Bronx Zoo in 1938,” 
it has become the standard for nonhuman primate tuberculosis 
esting. Intradermal testing is performed with 0.1 milliliters (mL) of 
uberculin (Tuberculin Mammalian, Human Isolates Intradermic, 
manufactured by Colorado Serum Company, 4950 York Street, 
Denver, CO 80216 and distributed by Synbiotics Corp., Animal 
Health Division, 16420 Via Esprillo, San Diego, CA 92127), except 
in smaller species in which 0.05 mL is used.'* The eyelid tuberculin 
test is commonly referred to as an intradermal test but in this 
test site it is more properly described as an interdermal test; true 
intradermal testing may be performed at other tests sites (chest, 
abdomen, etc.). The tuberculin test site should be observed at 24, 
48, and 72 hours for erythema and induration and described using 
standard criteria.'* Test interpretation may be complicated by false- 
positive, false-negative, and nonspecific responses.”””””” Nonspecific 
responses are well described in orangutans’ but also occur in monkey 
species, especially folivorous species such as langurs and proboscis 
monkeys. They will also occur if nonhuman primates are vaccinated 
with Freunds complete adjuvant. Antibody based diagnostic testing 
(Prima TB STAT-Pak, Chembio Diagnostic Systems, Inc. Medford, 
NY; — http://www.chembio.com/pdfs/PrimaTB-Sell-Sheet-Final. pdf) 
and y-interferon assays (PRIMAGAM, Prionics USA, Inc., http:// 
www.prionics.com/diseases-solutions/tuberculosis/PRIMAGAM/; 
T-SPOT.TB, Oxford Immunotec, Oxford, U.K.) have been devel- 
oped. ””” These tests may also be limited by nonspecificity, have been 
validated for a limited number of species, and are not always com- 
mercially available. Diagnosis should be based not only on the results 
of the individuals intradermal tuberculin test but also on the history 
of the individual and the colony or zoo collection with regard to 
possible exposure to infected humans or nonhuman primates; a 
complete diagnostic workup should include physical examination, 
hematologic and biochemical testing, thoracic and abdominal radi- 
ography, gastric and tracheal lavage cytology and culture, repeat 
tuberculin testing (alternating test sites), and comparative tuberculin 
testing with biologically balanced purified protein derivative (PPD) 
of M. bovis and M. avium (PPD Bovis BAL and PPD Avian BAL, NVSL, 
Ames, IA), and ancillary antibody or antigen testing (Prima TB STAT- 
Pak, PRIMAGEN, PCR, etc.). 1717292635 Limited attempts have been 
made to treat confirmed infections in nonhuman primates. If under- 
taken, treatment should be based on the antibiotic sensitivity profile 
of the infecting M. tuberculosis strain and be modeled after human 
combination drug treatment protocols. “7597 M. avium-intracellulare 
complex and M. paratuberculosis infections primarily cause chronic 
Gl disease, may be difficult to diagnose, and generally do not respond 
to treatment.” 

The most well recognized serious zoonotic disease of monkeys is 
infection with herpes B virus (Macacine herpesvirus 1, previously 
known as Cercopithecine herpesvirus-1 or Herpesvirus simiae) in 
macaques. “707? Although it is harbored asymptomatically or causes 
mild conjunctivitis or oral vesicular lesions in macaques, human 
infection is generally fatal. It is less well recognized that this infection 
has been documented in a range of other OW and NW monkey 
species such as Patas monkeys (Erythrocebus patas), black and white 
colobus monkeys (Colobus guereza), DeBrazza’s monkeys (Cercopithe- 
cus neglectus), capuchin monkeys (Cebus sp.), and common marmo- 
sets (Callithrix [Callithrix] jacchus)."” In addition, a very closely 
related herpesvirus has been described in the silvery langur Tra- 
chypithecus (Trachypithecus) cristatus.° It should be assumed that this 
virus may also cause serious human disease, and the same personal 
protective precautions as one would employ when working with 
macaques should also be performed when working with all OW 
monkeys. Taking similar precautions when working with NW 
monkeys is also advisable. 

Because of the close taxonomic relationship between humans and 
nonhuman primates, a very real risk of anthropozoonotic and zoo- 
notic infections, resulting from trans-species disease transmission, 
exists. Depending on the infectious agent and infected species, fatali- 
ties may result in either nonhuman primates (i.e., human herpesvirus 


o 


1 or 2 infection of callitrichids and other NW monkeys) or humans 
(ie., Macacine herpesvirus 1 infection of humans). ° In addition, 
mixed species exhibits of nonhuman primates potentially pose a risk 
of interspecific disease transmission between monkey species that 
may result in fatalities. Some examples include transmission of Sai- 
miriine herpesvirus 1 (previously named Herpesvirus tamarinus) from 
asymptomatically infected squirrel monkeys to marmosets, tamarins, 
or owl monkeys, resulting in fatal infections in these species and 
simian hemorrhagic fever virus transmission from the asymptomati- 
cally infected African monkeys species such as Patas monkeys, 
African green monkeys (Chlorocebus aethiops), or baboons (P anubis 
and P cynocephalus), resulting in fatal infection of Asian macaque 
species. /”” Because of these infectious disease risks, proper personal 
protective precautions should be incorporated into all management, 
husbandry, and medical procedures and taken into consideration in 
exhibit design. Commonly employed precautions include use of PPE: 
mask and gloves when caring for NW monkeys and prosimians; and 
mask, face shield, and gloves when caring for OW monkeys and 
great apes.~° 

Not all diseases of monkeys can be covered in this chapter, but 
a few are worth mentioning. Streptococcus zooepidemicus has caused 
septicemia and mortality in a number of nonhuman primate species. 
In many cases, the infection originated from horsemeat-based diets 
fed to other species in a mixed species exhibit or was transmitted 
from infected humans.” Francisella tularensis has caused septicemic 
disease and mortality in a range of NW and OW monkey species. 
Klebsiella pneumoniae commonly causes peritonitis and mesenteric 
lymphadenopathy and respiratory disease in NW and OW monkeys.” 
Marmoset wasting syndrome, a multi-factorial disease of callitrich- 
ids, causes chronic weight loss and diarrhea. Contributing factors 
are suboptimal temperatures that place metabolic demands on the 
animal; chronic or recurrent GI disease caused by bacterial, viral, or 
parasitic enteropathogens; Trichospirura leptostoma infection of the 
pancreatic ducts resulting in pancreatic dysfunction; inappropriate 
diets; and gluten intolerance. The outcome of any or a combination 
of these disease processes is chronic lymphoplasmacytic enterotyph- 
locolitis, a final common pathway that results in a malabsorption 
syndrome with chronic diarrhea and weight loss. In advanced stages, 
it does not respond to any specific or symptomatic therapy because 
of the structural changes that have occurred in the GI tract. Similar 
clinical signs in cotton-topped tamarins (Saguinus oedipus) may be 
caused by chronic colitis or colonic adenocarcinoma, which are 
very well described and commonly observed in this species. 77 
Infection with lymphocytic choriomeningitis virus causes an acute 
hepatitis with a high mortality rate in marmosets and tamarins. Cal- 
litrichids contract the infection through consumption of, or exposure 
to, feral rodents or through ingestion of neonatal mice (“pinkies”) 
offered as a dietary or enrichment item. The viral agent was originally 
termed callitrichid hepatitis virus until the causal agent was character- 
ized.””””” Acute, often fatal, gastric dilation is more often observed 
in monkeys in biomedical research facilities than those in zoo col- 
lections. “1709? A number of immunosuppressive retroviral infec- 
tions such as simian immunodeficiency virus (SIV), simian retrovirus 
(SRV), simian T-cell leukemia virus (STLV), and gibbon ape leukemia 
virus (GALV) have been described in nonhuman primates in bio- 
medical research settings and in wild populations, but these are 
rarely observed in zoo collections. Simian foamy virus (SFV) is 
extremely common across many NW and OW primate species, and 
humans have become infected from exposure to nonhuman pri- 
mates; however, to date, no disease in any species has been associ- 
ated with SFV infection 20" 


REPRODUCTION 


Most monkeys live in medium- to large-sized social groups. Typically, 
a dominant male has his harem of reproductive and younger females 
of various ages, and young males until they disperse from the 
group, generally when they near sexual maturity. In this social system, 
the male typically provides little paternal care to his offspring. 
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However, variation exists across monkey taxa and some species, 
especially the callitrichids, which live in smaller family groups, 
where the male plays a significant role in rearing the babies. Calli- 
richids also have suppression of female reproduction in the family 
group, with only the dominant female being reproductively active; 
his is the only nonhuman primate group that typically gives birth 
o multiple offspring. Monkeys have a long period of parental depen- 
dency, during which the juvenile becomes socialized and integrated 
into the social group. "122125 Most NW and OW monkey mothers 
exhibit good maternal care, but in the case of maternal or neonatal 
illness or maternal death or inexperience, it may be necessary to 
hand-rear the neonates. In these cases, raising them with conspecifics 
and/or encouraging early socialization are critically important; oth- 
erwise, hand-reared babies will typically be socially incompatible 
with their conspecifics, hard to introduce to the group, unable to 
ead a normal social life, and incapable of integrating into a 
social group. 
Both OW and NW monkeys have an estrous cycle, but OW 
monkeys have a menstrual cycle with menstruation. Some species 
such as the Japanese snow macaque have a more seasonal pattern of 
reproduction, whereas others are reproductively active year round. 
Many OW monkey species have cyclic perineal hyperemia and 
umescence (“sex skin”), which reach maximal color and size in the 
periovulatory period, reflecting elevated estrogen levels; other species 
such as gelada (Theropithecus gelada) also have similar color changes 
on bare chest patches. ””” Most species exhibit a lactational anestrus 
interval. Males of most species have an os penis. Reproductive physi- 
ology is well described for many monkey species and may be moni- 
ored by blood, urinary, or fecal sampling.” All NW and OW 
monkeys have a simplex uterus and hemochorial placentation and 
may develop reproductive tract problems similar to those of humans 
(endometriosis, adenomyosis, leiomyomas, placental abruption, pla- 
centa previa, ectopic pregnancy, retained placenta, etc.).” 7512637 
Callitrichids exhibit chorionic placental fusion of fraternal twins, 
with blood chimerism.'’ Reproductive details for a range of species 
are listed in Table 37-7. 

Because many nonhuman primate species breed very well in 
captivity, contraception is frequently elected for population manage- 
ment (http://www.stlzoo.org/animals/scienceresearch/contraception 
center). Contraception may be reversible or permanent and 
involve either management actions (single-sex groups or for season- 
ally breeding species separation of the sexes during the mating 
season) or medical and surgical methods. For permanent contracep- 
tion, castration or vasectomy of the male and tubal ligation of the 
female are most common. Frequently used reversible techniques 
include subcutaneous implants of long-acting gonadotropin- 
releasing hormone (GnRH) agonist such as deslorelin (Suprelorin: 
Peptech Animal Health, North Ryde, NSW Australia) or progestogen 
such as melengestrol acetate (MGA) (Wildlife Pharmaceuticals, Inc., 
Windsor, CO); long-acting medroxyprogesterone acetate injections; 
or immunocontraception with zona pellucida vaccines. NW monkeys 
have higher endogenous sex steroid levels compared with other 
primates, and therefore require higher MGA doses to achieve effec- 
tive contraception. Implants may fail if they are lost through wound 
dehiscence from grooming of the surgical site or other reasons. 
Because specific doses, durations of action, and timing of reversibility 
are not well established for all contraceptive techniques, selection of 
the most appropriate technique should include a discussion of the 
advantages and disadvantages of the technique with knowledgeable 
sources. 


PREVENTIVE MEDICINE 


A preventive medical program for NW and OW monkeys typically 
includes either scheduled or opportunistic tetanus and rabies vac- 
cination, routine fecal parasite screening (annually at a minimum, 
and typically several times a year), and prophylactic parasite treat- 
ment protocols based on the parasite history of the colony or zoo 
collection and fecal parasite results. In many cases, prophylactic 
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parasite treatments will be administered for both protozoal and 
helminth parasites. 

Other preventive medical procedures are usually based on the 
medical histories of individual animals or the colony or zoo collec- 
tion. Annual examinations are recommended by some, but there is 
not a consensus as to their necessity. The decision to perform annual 
examinations should be based on a risk-benefit analysis, weighing 
not only the risks involved in anesthesia but also the difficulty 
of restraining the monkey, the social repercussions on the individual 
or group, and the likely benefit from the medical procedure. If 
performed, annual examinations typically include physical examina- 
tion, as well as dental evaluation, venipuncture for routine hemato- 
logic and biochemical screening, species-specific viral serology, 
serum banking, vaccinations, tuberculin testing, radiography, and 
ultrasonography.*° 
Both quarantine and necropsy examinations are components of 
a preventive medical plan for monkeys. A 31-day quarantine period 
is typically conducted for new acquisitions. The derivation of a 
31-day quarantine interval as a quarantine standard was based on 
monkeys receiving three tuberculin tests at 14-day intervals, with 
the final reading of the last tuberculin test result at 72 hours, all of 
which requires 31 days. During the quarantine period, depending 
on previous medical history and preshipment testing, physical exam- 
ination, permanent identification (tattoo, transponder placement, 
etc.), venipuncture for hematologic and biochemical testing, species- 
specific viral serology, vaccinations, and radiography are typically 
performed. In the United States, imported nonhuman primates have 
o undergo specific quarantine procedures and protocols mandated 
by the Centers for Disease Control and Prevention (CDC), and facili- 
ies must be approved by the CDC for this purpose before they may 
import nonhuman primates. Necropsies should be conducted on all 
monkeys that die in quarantine or in the colony or zoo collection. 
This should include gross necropsy, histologic evaluation of tissue, 
and appropriate ancillary testing (culture, molecular diagnostics, 
etc.). Thorough necropsy will not only determine the cause of death 
but also serves as a way to evaluate the group, species, and colony 
or zoo collection for the presence of infectious, parasitic, nutritional, 
toxic, or metabolic diseases that are relevant to the care of the living 
nonhuman primates. 


VACCINATION 


All monkeys are susceptible to tetanus. Infection, through wounds 
or penetrating injuries, and subsequent neurotoxin production 
usually result in fatal disease, so all the animals should be routinely 
vaccinated with tetanus toxoid,”””” according to human vaccination 
recommendations. In rabies-endemic areas, NW and OW monkeys 
in outdoor exhibits should be vaccinated for rabies.”” Only an inac- 
tivated (killed) vaccine should be used to avoid the risk of vaccine- 
induced disease that may occur when attenuated (modified live) 
vaccines are used. For both tetanus and rabies vaccination, the 
vaccine dose is generally adjusted for the smaller size of NW and 
OW monkeys (typically 0.05—0.1 mL for callitrichids, 0.25 mL for 
medium-sized primates, and 0.5 mL for larger primates). Although 
monkeys are susceptible to measles infection, because of the decline 
in the incidence of human disease achieved through human vaccina- 
tions, effective preventive health protocols for monkeys, and adher- 
ence to personal protective procedures by staff, monkeys are not 
routinely vaccinated for this disease. If measles vaccination is elected, 
care should be exercised in selecting the specific vaccine to minimize 
the risk of vaccine-induced disease, since most measles vaccines are 
attenuated (modified live) vaccine viral strains. Other vaccinations 
such as those against pneumococcosis or leptospirosis may be 
administered on a case-by-case basis or as a result of local conditions 
or facility-specific considerations. In these situations, all attenuated 
vaccines should be employed cautiously because of the risk of 
vaccine-induced disease, and it is advisable to contact other veteri- 
nary practitioners to determine what attenuated vaccines have been 
safely used in the species of concern. 


BEHAVIORAL TRAINING 


W and OW monkeys are highly intelligent and, through positive 
reinforcement, may learn to perform a range of behaviors that 
are useful for both medical and management purposes. These 
include entering and leaving exhibits on cue, shifting between 
enclosures, entering a crate, entering a restraint device, allowing 
hand injection of immobilizing agents or medications (such as 
insulin) by stationing themselves at the bars or cage mesh, voluntary 
submission for blood sampling, and shifting onto a scale on command 
o be vveighed.” 


TRANSPORT 


Monkeys are generally transported in plastic or vvooden crates 
designed for dogs and cats or specially built for monkeys. In all cases, 
he crates should be sturdy and in good repair, substantial enough 
o safely contain the monkey during transport, and prevent people 
rom accessing the monkey in transit. For air transportation, compli- 
ance with shipping regulations of the International Air Transport 
Association (IATA), local and national regulatory agencies, and those 
of the airline are required. Food and water should be provided in 
ransit in the event the shipment is delayed, and crate construction 
should ensure that spillage of food, water, or waste material cannot 
occur. Any necessary preshipment medical testing should be com- 
pleted, and the health certificate, the medical record, and copies of 
test results should be included with the shipment. 
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CHAPTER 


BIOLOGY 


Great apes are a taxonomic family of primates classified as Homini- 
dae and include seven living species in four genera: chimpanzees 
and bonobos (Pan), gorillas (Gorilla), orangutans (Pongo), and 
humans (Homo). ` The dental formula for the great apes is: (incisor 
2/2, canine 1/1, premolar 2/2, molar 3/3) x 2 = 32. The great apes 
originate from equatorial Africa (gorillas, chimpanzees, and bonobos) 
and Southeast Asia (orangutans) and are characterized by the absence 
of tails and their intelligence, strength, and large size. Table 38-1 
gives an overview of their status in the wild. Significant threats to 
wild great ape populations include the hunting of apes for sale as 
commercial meat products, widespread habitat loss, and infectious 
disease threats. Outbreaks of Ebola virus, respiratory disease epi- 
demics, and bacterial and parasitic illnesses have resulted in high 
morbidity and mortality events, often in association with close 
contact with humans, 7 175157964146/48.49.51 


UNIQUE ANATOMY 


The great apes are intelligent animals and have great strength and 
varied facial and vocal expressions. They all have laryngeal sacs, 
which are thought to be used for vocal resonations, these sacs vary 
in size and complexity, expanding vvith age into the pectoral, clavicu- 
lar, and axillary regions. Mature male orangutans have extensive 
laryngeal sacs that extend around the mandible tovvard the ears and 
cheeks and along the thoracic vvall.”” Orangutan males are the only 
great apes that develop cheek pads (flanges), which are composed 
of fat and fibrous tissue.’ See Figures 38-1, 38-2, 38-3 for examples 
of adult male Bornean, Sumatran, and hybrid orangutans. 


CAPTIVE MANAGEMENT 


Standardized Animal Care Guidelines have been published or are in 
development for all of the great apes kept in captivity and may be 
accessed at http://www.aza.org/animal-care-manuals.’ These Animal 
Care Manuals (ACMs) provide a compilation of animal care and 
management knowledge that has been gained from recognized 
species experts, including Association of Zoos and Aquariums (AZA) 
Taxon Advisory Groups (TAGs), Species Survival Plan® Programs 
(SSPs), biologists, veterinarians, nutritionists, reproductive physiolo- 
gists, behaviorists, and researchers. 


Special Housing Requirements 


Captive great ape enclosures must be designed with the animals’ 
psychological, social, and physical requirements in mind. Husbandry 
recommendations for great apes are outlined in Table 38-2. Particu- 
lar attention should be paid to containment requirements for all ages 
and both sexes and provision of adequate horizontal and vertical 
spaces to accommodate the complex social interactions of the great 
apes. A protective barrier between the ape and the human caregiver 
should enable safe and voluntary interactions between humans and 
apes. The United States Department of Agriculture (USDA) has regu- 
lations to mandate that any facility that is licensed to sell, exhibit, 
or do research on primates have a plan in place for environmental 
enhancement adequate to promote the psychological well-being of 
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nonhuman primates. ” These codes may be found at www.nal.usda 
.gov/awic/pubs/Legislat/awabrief.shtml. 


Feeding 


Institutions that house great apes should have sound nutritional 
programs, and formulation of ape diets should be made in consulta- 
tion with nutritionists and veterinarians. Diets need to meet the 
nutritional and psychological needs of the animals throughout their 
life stages and should be reviewed on a scheduled basis. All of the 
great apes are primarily herbivorous and require an exogenous 
source of vitamin C. Diets may vary considerably among institutions 
and may consist of commercially available pellets, fruits, vegetables, 
and browse. The caloric needs of the great apes may be estimated 
by using the equation: ME (kcal) = 100 x body weight (BW)°” in 
kilograms. The nutritional requirements for nonhuman primates 
are available, but it must be recognized that over 250 primate species 
exist, so defining species-specific requirements is difficult." Nutri- 
tional imbalances resulting in health concerns have been seen in 
captive situations. Vitamin D deficiency has resulted in metabolic 
bone disease in mother-reared infants that do not have outdoor 
access and adequate sun exposure. Obesity, diabetes, cardiovascular 
diseases, behavioral issues, and osteoarthritis are also a concern in 
captive apes fed inappropriate diets.”””””” Diets made up of primar- 
ily high-fiber, low-sugar foods may more closely resemble “wild 
type” diets and may aid in reducing associated dietary health 
concerns. 


PREVENTIVE MEDICINE 


The basic components of a medical program for great apes are pro- 
vided in Table 38-3; these are preshipment health screening and 
evaluation; quarantine; physical examination, including a compre- 
hensive dental examination; immunoprophylaxis; parasite control; 
proper nutrition; and monitoring for new medical problems. A 
well-rounded preventive medicine plan for great apes must take into 
consideration the close taxonomic relationship between these 
animals and humans to have maximum effectiveness. 2221453951: 

Anthropozoonoses are of particular concern and should prompt 
evaluation of potential ape exposures to human caregivers as well as 
to the public. Potentially immune-compromised individuals, infants 
and juveniles, naive populations, and geriatric or chronically il 
animals and people are at particular risk. Although the zoonotic 
disease risks are too many to detail in this chapter, a few are worthy 
of mention because of their documented effects on great apes. 
Viruses that cause upper respiratory infections such as colds and 
influenza may be easily transmitted between humans and apes, and 
close contact with humans, especially young children (or parents of 
young children), may increase the likelihood of upper respiratory 
infections in apes.'”’* Humans with any active upper respiratory 
infections should not work in close contact with apes or prepare food 
or enrichment items. Bacterial diseases, especially gastrointestinal 
(GD) illnesses such as those caused by Salmonella sp., Campylobacter, 
Yersinia, and Shigella sp. may also be of zoonotic concern and result 
in clinical illnesses.” *° Devastating losses in wild populations of 
African great apes from Ebola viruses have also been documented.” 


Effective preventive medicine protocols need to take into consider- 
ation the use of personal protective equipment (PPE; e.g., N-95 
masks, protective clothing, gloves, etc.), and cleaning and hygiene 
regimes, as well as the health of the humans in close contact with 
the apes. 


| ə: 
if 


FIGURE 38-1 Adult male Bornean orangutan. (Courtesy Bridget 
Wright, Zoo Volunteer, Zoo Atlanta, Atlanta, GA.) 


TABLE 38-1 zz ... 
Genus, Species, and Status in the Wild"? 
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Health Screening and Evaluation 
Preshipment Evaluations 


Prior to transfer from one institution to another, it is important to 
determine the health status of individual animals. This ensures that 
the animals are healthy enough to withstand the transfer and will 
not be carrying novel infectious or parasitic diseases into naive col- 
lections. A thorough health history of the individual animal, as well 
as a review of disease concerns within the originating collection, is 
warranted before requesting specific preshipment testing. At a 
minimum, all great apes should have a complete blood cell count 
(CBC), blood chemistry, endoparasite testing, fecal bacterial cultures, 
and testing for tuberculosis (TB) exposure. Additional testing options 


— 2 


/ 


FIGURE 38-2 Adult male Sumatran orangutan. (Photo courtesy 
Adam K. Thompson-Zoo Atlanta, Atlanta, GA.) 


Genus Species Subspecies Common Name Weight (adult in kg) IUCN Status 
Pongo pygmaeus ssp. morio Northeast Bornean Orangutan 50-100 kg (M) Endangered 
ssp. pygmaeus Northwest Bornean Orangutan 30-50 kg (F) 
ssp. wurmbii Central Bornean orangutan 
Pongo abelii Sumatran orangutan 80-90 kg (M) Critically endangered 
33-45 kg (F) 
Gorilla beringei ssp. beringei Mountain gorillas 180-220 kg (M) Endangered 
70-90 kg (F) 
ssp. grauri Eastern Lowland or Grauer’s gorilla 160-250 kg (M) 
70-120 kg (F) 
Gorilla gorilla ssp. gorilla Western lowland gorillas 140-270 kg (M) Critically endangered 
70-90 kg (F) 
ssp. diehli Cross River gorilla 180 kg (M 
Pan troglodytes ssp. ellioti Nigerian-Cameroon chimpanzee 40-70 kg (M) Endangered 
32-47 kg (F) 
ssp. schweinfurthii Eastern chimpanzee 45-90 kg (M) 
40-80 kg (F) 
ssp. troglodytes Central chimpanzee 45-90 kg (M) 
40-80 kg (F) 
ssp. verus West African chimpanzee 45-90 kg (M) 
40-80 kg (F) 
Pan paniscus Bonobo 25-45 kg (M) Endangered 
25-40 kg (F) 


F, Female; M, male;. 
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will depend on the situation but may include total cholesterol levels, 
thyroid hormone testing, and screening for more infectious viral and 
bacterial agents. In adult animals, it is recommended that a complete 
examination of the cardiovascular health of the animal be performed 
before shipment occurs. Additionally, because of the high incidence 
of respiratory disease in orangutans, it is strongly recommended that 
a thorough evaluation of orangutan respiratory health be done prior 
to transfer.” 


Quarantine 

Newly acquired animals should go through a quarantine period 
before being introduced into existing collections. Quarantine periods 
and examinations may vary greatly among institutions and are 
dependent on the origin of the animal, evaluation of health and 
infectious disease status, amount of prearrival screening done, and 
husbandry adjustments needed. A quarantine period of 30 to 90 
days should include one to two physical examinations, consisting of 
CBC, blood chemistry panels, TB testing, and appropriate infectious 
disease screening. Parasitic disease risks should be assessed with a 
minimum of three fecal examinations (floats, centrifugation, sedi- 
mentation, or all; direct fecal smears) and bacterial fecal cultures 
should be done to detect potential pathogens such as Salmonella, 
Shigella, Campylobacter sp., enterotoxogenic Escherichia coli and Yer- 
sinia spp. If the receiving institution cannot sufficiently quarantine 
new animals, quarantine may occur at the originating institution as 
long as the animal is isolated during this time frame and shipped in 
isolation. The Association of Zoos and Aquariums (AZA) considers 
this to be an adequate quarantine in these circumstances. If an 
appropriately designed and physically isolated quarantine facility is 
not present at either institution, then minimizing infectious disease 


FIGURE 38-3 Adult male hybrid orangutan. (Photo courtesy 


Adam K. Thompson-Zoo Atlanta, Atlanta, GA.) 


risks from newly acquired animals may be attempted by preventing 
physical, aerosol, and fomite transmission of pathogens and estab- 
lishing strict cleaning and PPE guidelines. All applicable regulations 
must be followed and zoonotic disease prevention procedures and 
staff training protocols established to minimize the risk of transfer- 
able diseases. Increased attention to enrichment is necessary when 
apes are housed in isolation during quarantine periods of any length. 


Physical Examinations 

Decisions regarding frequency of hands on examinations performed 
under general anesthesia varies between institutions and should be 
determined by an institutional and individual animal risk review. 
Great apes are generally too strong and agile to be handled without 
the use of chemical immobilizing agents; therefore, for any diagnos- 
tic or treatment procedure that requires more than minimal interac- 
tions done through operant conditioning, general anesthesia is 
usually required. Consideration of the collections’ historic disease 
risk analysis, taxonomic recommendations made by species experts, 
life stage risks (i.e., evaluation of health risks based on age), as well 
as evaluations of the risks versus the benefits of anesthesia may all 
factor into the frequency of recommended immobilizations done 
during an individual animals life span. Some limited diagnostic 
procedures including blood collection, auscultation, cursory dental 
examinations, cardiac echosonographic evaluations, neonatal exami- 
nations, blood pressure measurements, and radiography may be 
done on nonanesthetized animals through training. Figure 38-4 
shows an example of a blood pressure monitoring apparatus, and 
Figure 38-5 shows it in use with an adult male gorilla. Commercial 
squeeze cages are available for apes but may have limited usefulness 
in these large and strong animals. 


FIGURE 38-4 Great ape blood pressure monitoring apparatus. Blood 
pressure sleeve is mounted inside of the hard plastic casing. (Photo 
courtesy Adam K. Thompson-Zoo Atlanta, Atlanta, GA.) 


TABLE 38-2 82” 0 
Husbandry Recommendations for Great Apes2 

Recommendations Orangutans Gorillas Chimpanzees Bonobos 

Temperature 64°F (18°C) to 84°F (28°C) 65° F-85° F 60° F-85° F 64°F (18°C) to 72°F (22°C) 

Humidity 30%-70% 3096—70 96 30%-70% 50%-60% 

Ventilation 10-15 air changes per hour (hr) 10-15 air changes/hr 10-15 air changes/hr 10-15 air changes/hr 


Auxiliary ventilation must be provided when ambient temperature is 85°F (29.5° C) or higher. 


TABLE 38-3 


un s s schcdulcdlehjsieal Examinations of Great Apes 
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Procedure 


Frequency 


Notes 


Physical examination 


1-2 times in quarantine, every 1-3 
years* 


Partial visual examinations may be done through the use of operant 
conditioning but general anesthesia is needed for a complete physical 
examination 


Dental examination 


Every 1-3 years 


Complete examination requires general anesthesia 


Accurate weights 


Monthly 


Scales should be designed into holding or exhibit areas 


Blood collection 


Every 1-3 years, some animals may 
be trained for voluntary blood 
draws more frequently 


Routine on all: CBC, chemistry panel, viral serologyt, serum banking (all 
ages) 

Additional tests: thyroid panel, cholesterol, lipid panel, cardiac disease 
markers 


Rectal culture 


Every 1-3 years 


For Salmonella, Shigella, Campylobacter, Yersinia, pathogenic E. coli strains 


Fecal examination 


Every 3-6 months 


Includes direct and concentrating techniques (flotation, centrifugation, 
sedimentation) 

Additional diagnostics targeting parasites of concern may include Giardia 
and Cryptosporidium screening (e.g., IFA, ELISA, PCR), and Baermann 
technique for identification of select nematode larvae 


Mycobacterial testing 


Every 1-3 years 


Intradermal skin test, lavage (gastric, tracheal, bronchial) 

ELISA (e.g., ChemBio) 

PCR testing, y-interferon testing (e.g., Primagam). 

Mycobacterial testing results from orangutans are challenging to interpret 
and many tests have not been validated 


Imaging 


Every 1-3 years 


Radiography (thoracic, abdominal, dental) recommended for all ages 

+/- Abdominal ultrasound for adults 

-Echocardiography, blood pressure measurements, ECG; once as juveniles, 
then every 1-3 years once adults 

CT imaging of sinuses, air sacs, and thorax recommended to screen for 
respiratory infections in orangutans when feasible 


Vaccinations 


Varied frequency 


See table 38-4 


Identification 


Once 


zz 


Permanent identification for individuals may include natural markings, 
photographs of facial characteristics, tattoo, transponder chips 


“Up to institutional clinical risk assessments for use of general anesthesia. 

TFull panel recommended once, then done as needed based on risk assessment. Full panel includes: simian immunodeficiency virus (SIV); simian foamy 
virus (SFV); simian T-cell lymphotropic virus (STLV); cytomegalovirus (CMV); herpes simplex virus 1 and 2 (HSV-1, HSV-2); influenza A and B (flu A and 
flu B); parainfluenza 1, 2, and 3; respiratory syncytial virus (RSV); simian adenovirus (SA-8); measles virus; human varicella zoster (HVZ); Epstein-Barr virus 
(EBV) +/- hepatitis A and hepatitis B; encephalomyocarditis (EMC). 

CBC, Complete blood cell count; CT, computed tomography; ECG, electrocardiography; EL/SA, enzyme-linked immunosorbent assay; /FA, indirect fluo- 
rescent antibody; PCR, polymerase chain reaction. 


Immunoprophylaxis 

Preventive medicine programs for captive great apes may or may not 
include a variety of vaccination protocols. Decisions on immunopro- 
phylaxis of great apes are often based on a situational risk analysis 
taking into consideration geographic disease risks, human interac- 
tions, operant conditioning to allow for nonanesthetized access, 
individual animal disease risk, access to mother-reared infants, and 
examination frequency. Vaccination of free-living great apes has been 
proposed as a possible means to mitigate the potentially devastating 
effects of reverse zoonosis to these vulnerable populations of 
animals.*!**! Factors such as cost, practicality, and wildlife welfare 
and management must be considered when evaluating the use of 
commercially available vaccines in wild populations. Recommenda- 
tions for human vaccination (with the addition of rabies prophylaxis 
if the apes may potentially interact with wild mammals) may be used 
as general guidelines when devising vaccination protocols for great 
apes and, whenever possible, killed vaccines should be used. In 
addition, consultations with local public health officials, infectious 


FIGURE 38-5 Gorilla having his blood pressure taken. (Photo cour- 
tesy Adam K. Thompson-Zoo Atlanta, Atlanta, GA.) 
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TABLE 38-4 
Immunization Abbreviation Dosing Schedule 
Hepatitis B Hepatitis B birth; 1 mo; 6-18 mo 
Rotavirus RV 2 mo; 4 mo 
Diphtheria, tetanus, DTaP 2 mo; 4 mo; 6 mo; 
pertussis 15-18 mo; 11-12 yr; 
q10yr 
Haemophilus Hib 2 mo; 4 mo; 12-15 mo 
influenzae type b 
Pneumococcal PCV 2 mo; 4 mo; 6 mo; 
12-15 mo 
Inactivated poliovirus IPV 2 mo; 4 mo; 6-18 mo; 
4-6 yr 
Influenza — Annually 
Measles, mumps, MMR 12-15 mo; 4-6 yr 
rubella 
Varicella Varicella 12-15 mo; 4-6 yr 
Hepatitis A HepA 12-24 mo; 2nd dose 
6-18 mo later 
Meningococcal = 11-12 yr; 16 yr 
Human papillomavirus HPV 3-dose series, beginning 


at age 9 


eee 
*From the American Academy of Pediatrics, 2012 Immunization schedule: 
http://aapredbook.aappublications.org/site/resources/IZSchedule.pdf. 

mo, Month; q10yr, every 10 years; yr, year. 


disease experts, and on-line resources for human vaccination sched- 
ules, as well as species experts and other zoo and wildlife veterinar- 
ians may offer the veterinarian an overview of recommended 
vaccination protocols being used. The use of vaccinations in great 
apes is considered “off-label,” and therefore specific brand names 
cannot be given. The American Academy of Pediatrics recommended 
immunization schedule is outlined in Table 38-4 and may be used 
as a reference point from which vaccination protocol discussions 
may be started. 


REPRODUCTION 


Sexual behaviors and hormonal parameters in great apes have been 
studied and documented for all great ape genera!" Reproduc- 
tive parameters are given in Table 38-5. Assisted reproductive tech- 
niques have been tried in apes and have met with variable success. 
Information on contraception of apes may be found at the AZA 
Wildlife Contraceptive Center (www.stlzoo.org/contraception). 
Methods for male contraception include vasectomy, vas ligation 
(potentially reversible), open-ended vasectomy (potentially revers- 
ible), and gonadotropin-releasing hormone (GnRH) agonists. 
Methods of female contraception include intrauterine devices (IUDs), 
GnRH agonists, progestin contraceptives such as melengestrol acetate 
(MGA) implants, medroxyprogesterone acetate injections, and levo- 
norgestrel implants, as well as progestin and combination estrogen— 
progestin oral birth control pills (noncompliance issues have been 
linked to failures). Hormonal intervention may result in weight gain 
as in humans; progestins may exacerbate subclinical diabetes, 
although further studies in apes are needed to clarify whether this 
also occurs in great apes.””””” 


TABLE 38-5 

Parameter Gorillas Chimpanzees Bonobos Orangutans 

Puberty, age (years) 6-7.5 female (F) 6-10 (F) 6-11 (F) 7-10 (F) 

10-15 male (M) 7-13 (M) 13 (M) 7-9 (5-17) (M) 

Youngest age to 8-10 (M) 5-10 (F) 10.1 ( 8.3-14.9 y) (F) 5-7 (F) 
breed (years) 6-9 (F) 6-13 (M) 7y (M) 

Estrous cycle Length 33 (21-49) 36 (28-53) 31-51 28 (23-33) 
(days) 

Menses (days) 1 2-7 3-4 1-4 

Receptivity detection 2 (1-4) 6 (may be receptive May be receptive throughout cycle 2(1—4) 
(days) throughout cycle) 

Uterus Simplex Simplex Simplex Simplex 

Gestation (days)* 255 (237-285) 227 + 12 233-247 245 + 12 


Pregnancy 
determination 


Commercially available 
urinary human chorionic 


gonadotropin (hCG) tests 


Commercially available 
urinary hCG tests 


10-20x increase in urinary E1C 


t(10-30 days postestrogen peak); 


commercially available urinary 
hCG tests 


Commercially available 
urinary hCG tests 
(mixed results) 


Placentation 


Hemochorial, villous, 
discoid 


Hemochorial, villous, 
discoid 


Hemochorial, villous, discoid 


Hemochorial, villous, 
discoid 


Luteal phase (days) 
Follicular phase (days) 


11.2 40.8 
18.14 + 1.7 


15 (13-18) 
20 (15-25) 


11-15 
17-40 


13.5 
12 (11-15) 


*Gestation calculations based on three different methods of calculation: days from last menses; days from last tumescence (if present), days from urinary 


hormonal changes. 


TETC, Urinary estrogen conjugates. 


FIGURE 38-6 Gestational ultrasonographic examination on nonanes- 
thetized orangutan. (Photo courtesy Adam K. Thompson-Zoo Atlanta, 
Atlanta, GA.) 


Reproductive Disorders 


Medical problems associated with pregnancy have occurred and may 
include abortion, placenta previa, endometriosis, pregnancy toxemia, 
fetal septicemia, retained placenta, dystocia, and congenital defects. 
Extensive abdominal adhesions are common in great apes and in 
cases of severe endometriosis and uterine neoplasia, consultation 
with human oncologic reproductive surgeons may be warranted 
before attempting surgical removal. Prenatal ultrasonography has 
been used in nonanesthetized apes to monitor fetal development, 
and, as in humans, gestational issues may be linked to concurrent 
health issues such as diabetes, obesity, and hypothyroidism. Figure 
38-6 shows gestational ultrasonography performed on a nonanesthe- 
tized orangutan for fetal monitoring. Uterine, ovarian, and testicular 
neoplasia may also affect the great apes, especially older animals. 


NEONATAL CARE 


Ideally, all healthy ape infants should be left with their natural dam 
or placed with a comparable ape surrogate for social rearing if mater- 
nal rejection or neglect occurs. Newborn apes may not suckle for 
he first 12 hours, but they should appear bright eyed, strong, and 
responsive with a strong grip on their mothers. If neonates show 
signs of weakness, lethargy, diarrhea, or dull eyes, they may deterio- 
rate rapidly. If neonates show signs of illness, they should be assessed 
quickly, and usually sedation of the dam is necessary to obtain access 
o the infant. Neonatal physical examinations should include screen- 
ing for congenital defects, trauma, neonatal disease, malnutrition, or 
maternal neglect. The timing of these examinations varies widely 
among institutions, and decisions need to be based on infants 
current health, maternal-infant bonding, and risk to the infant if 
darting the mother is needed to separate the pair. The most common 
illnesses associated with great ape neonates are hypothermia, hypo- 
glycemia, dehydration, electrolyte imbalance, enterocolitis, respira- 
ory disease, urologic disturbances, and sepsis.” Neonates requiring 
nursery care or treatment are highly susceptible to hypothermia and 
need to be kept warm, either in incubators or by being held close 
o the body, until they may maintain their own body temperature. 
It is recommended that medically stable infants be returned to their 
dam or surrogate as soon as possible. If this cannot occur, keeping 
hem within auditory, visual, olfactory, and supervised tactile reach 
of their dam or group is beneficial. Serious, even fatal, respiratory 
illness may occur in hand-reared infants with prolonged close human 
contact, so the use of proper PPE (face masks, gloves, etc.) and health 
of the human caregivers cannot be overemphasized. Most 


CHAPTER 38 “ Great Apes 341 


FIGURE 38-7 Positioning a geriatric gorilla for limb support during 
anesthesia. (Photo courtesy Stephanie Earhart-Zoo Atlanta, Atlanta, 
GA.) 


commercially available human infant formulas may be used for 
feeding great ape neonates. Lactose intolerance and iron sensitivity 
may occur, so selection of formulas that are soy based and low in 
iron may be prudent. 


GERIATRIC CARE 


With the increasing life expectancies seen in captive great apes, chal- 
enges in geriatric care and management should be discussed as part 
of the preventive medicine program. Maintaining a schedule of 
routine physical examinations and possibly even increasing the fre- 
quency of these examinations, balanced with potentially increased 
anesthetic risks, may be challenging. Common age-related health 
issues in geriatric apes include renal disease, reproductive disorders, 
abdominal abscesses, cardiovascular disease, dental issues, vision 
degeneration, and osteoarthritis 2022204050 Specific medical, nutri- 
ional, exhibit design, and enrichment protocols may need to be 
modified for these geriatric challenges. Particular attention should 
be paid to the prevalence of osteoarthritis when positioning anesthe- 
ized geriatric animals, and limb and joint support should be of 
paramount concern to reduce painful and sometimes long-lasting 
side effects in recovery. Figure 38-7 shows one method for support- 
ing the limbs of a geriatric, anesthetized gorilla during a 
procedure. 


ANESTHESIA 


Thorough physical examinations on great apes require the use of 
general anesthesia induced via chemical immobilizing agents. No 
immobilization is completely risk free, so institutional and individual 
veterinarians must weigh the risk of anesthesia with the benefit of 
improved diagnostic abilities and thorough physical examinations. 
A number of commercially available anesthetics may be used alone 
or in combination to induce and maintain general anesthesia in great 
apes, and these may be viewed in Table 38-6.'** All apes should be 
fasted for a minimum of 12 to 24 hours before anesthesia is induced, 
and water should be withheld for at least 12 hours. If an oral pre- 
anesthetic needs to be used, care must be taken to avoid delivering 
the drug in large volumes of food or liquids, as complications from 
regurgitation and aspiration may occur during induction. Drug deliv- 
ery is usually by the intramuscular route, and training the apes for 
hand injections is preferred. Hand injections of anesthetics via 
operant conditioning may avoid the stress of darting animals with 
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TABLE 38-6 


Reversal Agent/ 


Generic Name Orangutan Chimpanzee Gorilla Dose (mg/kg) Comments 
INDUCTION AGENTS 
Ketamine 6-10 5-20 6-10 None Rapid induction; minimal 
hydrochloride cardiovascular (CV) and 
respiratory changes; not 
reversible; short 
duration of action 
Ketamine/Xylazine 5-7 (K) / 1-1.4 (X) 5-10 (K) / 1 (X) Yohimbine Rapid induction: CV stable, 
0.125-0.25 for X longer anesthetic times 
Ketamine/ 2-7 (K) / 0.03-0.04 (M) 2-5 (K) / 2-5 (K) / Atipamazole Spontaneous arousal; 
Medetomidine 0.02—0.05 (M) 0.02—0.05 (M) 0.1-0.5 (M) potential for CV side 
effects, reversible 
Ketamine/midazolam 1-2 (K) / 0.03 (M) 9 (K) / 0.05 (M) Flumazenil Shorter duration of effect 
0.02-0.1, IV for than telazol, drug 
midazolam only volume may be an issue 
Tiletamine/Zolazepam 2-6.9 2-6 2-6 Flumazenil Smooth inductions; may 
(Telazol) 0.02-0.1, IV, for have prolonged 
zolazepam only recoveries 
Telazol/ 0.8-2.3 (T) / 0.02-0.06 1.25 (T) / Atipamazole Monitor blood pressure 
Medetomidine (M) 0.03-0.04 (M) 0.1-0.25 for and respirations 
medetomidine Provide oxygen support 
TRANQUILIZERS AND ANALGESICS 
Diazepam 0.5-1.0 PO/IM/IV 0.2, PO Flumazenil May reduce anxiety; may 
0.02-0.1, IV be used in combination 
with other drugs for 
inductions 
Midazolam 0.05-0.15 IM/IV/PO Flumazenil May reduce anxiety; may 
0.02-0.1, IV be used in combination 
with other drugs for 
inductions 
Butorphenol 0.1-0.2 IM/IV Naloxone 0.02, ay be used in 
IM/IV combination with other 
drugs for inductions 
Buprenorphine 0.01-0.02 IM/IV Naloxone 0.02, ay be used in 
IM/IV combination with other 
drugs for inductions 
ay produce respiratory 
depression 
ANESTHETIC MAINTENANCE 
Isoflurane 0.5-2.5% + or to same same same ay see dose-dependent 


or sevoflurane effect via hypotension 
endotracheal 
tube 
Propofol To effect: Monitor blood pressure 


25-100 ug/kg/min, IV, 
OR 50 mg/kg TOTAL 
DOSE 


and respirations 
May be used for 
unexpected arousals 


IM, Intramuscular; /V, Intravenous; PO, oral. 


All doses given in milligram per kilogram (mg/kg) and given intramuscularly unless stated otherwise. 


remote drug delivery systems and will often lead to smoother induc- 
tion, better planes of anesthesia, lower anesthetic doses, and safer 
drug deliveries. If this is not an option, remote darting may be used. 
The use of pole syringes in completely awake apes is not usually 
successful because of their agility and strength. 

Intubation may occur once the ape is sedated enough to have 

slack jaw tone. Face masks and supplemental gas anesthetic delivery 
to attain this level of relaxation is sometimes required, and it is 
important to monitor the animal closely for signs of regurgitation 
and aspiration during this phase of induction. When using injectable 
drugs alone, without intubation, supplemental oxygen supplied via 
a face mask or intranasally via an oxygen line will improve oxygen- 
ation. Intubation of great apes may occur in dorsal or lateral recum- 
bency, with the head extended to straighten the airway. A long, 
curved laryngoscope and an airway exchange catheter may make 
intubation easier, especially in cases where the animal is regurgitating 
or when the animal has excessive laryngeal tissue, as is sometimes 
he case in large male orangutans and gorillas. Laryngeal spasms may 
occur in apes, so the use of topical local anesthetic sprays may aid 
intubation. 
Great apes have shorter tracheas than would be expected, and it 
is easy to intubate a main-stem bronchus if care is not taken. Aus- 
cultation of all lung fields, using positive pressure ventilation, tho- 
racic radiography, or both, should be performed to confirm tube 
placement. If pulse oximetry readings are low during gas anesthesia 
in an intubated animal, withdrawal of the endotracheal tube by a 
few centimeters may be enough to return the blood oxygen satura- 
ion to normal. Cuffed endotracheal tubes should be used; reinforced 
endotracheal tubes with extended lengths work well in larger 
animals. Because of the propensity of orangutans to have extensive 
air sac infections, securing the airway with a cuffed endotracheal 
tube is essential in these animals when trying to prevent aspiration 
of infected materials. If the laryngeal air sac contains “fluid” secre- 
tions, these animals are at increased risk for aspiration of the fluid 
via the ostia that connect the air sacs to the trachea, and the anes- 
thesiologist should be prepared to suction, drain the air sac, and 
maintain upright positioning until intubation. 

Maintenance of airways, especially in animals without endotra- 
cheal intubation and during the recovery phase of anesthesia, may 
be difficult, particularly in mature male gorillas and orangutans 
because of their large size, heavy neck musculature, and the sagittal 
crest. Hypoventilation may be caused by excessive ventroflexion of 
he head and subsequent airway occlusion or secondary to large, 
gas-filled intestines and abdominal pressure on the lungs. Position- 
ing the apes on their sides or propping their upper bodies up at a 
slight angle, if in dorsal recumbency, with head and neck extended, 
may help alleviate these issues. During recovery these animals tend 
o collapse their chins toward their chests which may predispose 
hem to a blocked airway. To avoid this, extubation should occur as 
far into the recovery period as possible, and the animals should be 
placed in lateral recumbency with their down arm extended cranially 
and the head extended. 

Hypothermia, hyperthermia, pressure necrosis and potential 
nerve damage to peripheral limbs, and thermal burns from heating 
sources are all risks in anesthetized great apes and should be avoided. 
Recovery on padded or heavily bedded surfaces is preferable. Care 
should be taken to lubricate the eyes well with sterile lubricating 
ointments before recovery on bedding to try to avoid corneal 
abrasions. 


SURGERY 


Surgical procedures on great apes may occur after trauma (fracture 
repair, extensive soft tissue injury repair), dental extraction, lapa- 
rotomy (abscess drainage and removal, hernia repair, reproductive 
tract surgeries, GI issues, neoplasia), eye, ear, nose, and throat sur- 
geries (cataract removals, otitis interna, sinusitis, etc.), and air sac 
surgeries. 770 Orangutans are particularly prone to chronic and 
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sometimes severe air sac infections, and surgeries such as marsupi- 
alization of the air sacs to enhance drainage, tracheal ostea closures, 
and air sac removal have all been attempted to resolve these issues. 
Traumatic wounds should be managed using the same principles of 
wound management that apply to all species. Apes have excellent 
healing abilities, and except for cases of immediately life-threatening 
wounds (hemorrhage, vital organ involvement), surgical closure is 
usually only necessary where serious mechanical damage may occur, 
serious infection is a risk, and significant defects may result from 
healing by second or tertiary intention. If skin sutures are used, great 
apes may pick at them and cause wound dehiscence. 


DIAGNOSTICS 
Urine Collection 


Urine may be collected with the apes under general anesthesia and 
via cytocentesis or urethral catheterization. Apes may also be taught 
to urinate on command into specified containers or urine collecting 
areas. 


Cerebrospinal Fluid 


Collection of cerebrospinal fluid (CSF) may be necessary to test for 
encephalopathy and other infectious, inflammatory, or neoplastic 
processes. The preferred site is the L3-4 lumbar space. 


Imaging 

Radiography, magnetic resonance imaging (MRI), and computed 
tomography (CT) have all been performed successfully on great apes. 
Body size may be a limiting factor, especially with MRI and CT 
machines. CT has been used in orangutans to assess the extent of 
respiratory disease and sinus or air sac involvement and infection.” 
Ultrasonography may be used on both anesthetized apes and non- 
anesthetized apes through the use of operant conditioning. Figure 
38-8 shows a nonanesthetized gorilla positioned for echocardiogra- 
phy. Pregnancy monitoring, fetal development, and echosonography 
have all been performed successfully and may be very useful moni- 
toring aids in situations where anesthesia poses a high risk to the 
animal. 


Blood Collection 


Blood may be collected from numerous superficial venous access 
points, including the femoral vein, the brachial vein, and the 


FIGURE 38-8 Position of ultrasound probe for echocardiography on 
a nonanesthetized gorilla. (Photo courtesy Jodi Carrigan-Zoo Atlanta, 
Atlanta, GA.) 
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posterior tibial vein. Arterial samples may be taken from the femoral 
artery, the dorsal pedal artery, or the radial artery on the medial side 
of the carpus. If the femoral artery is used, pressure must be applied 
to that site for at least 10 minutes to prevent hematoma and hemor- 
rhage. Some apes may be trained for voluntary blood draw done 
through a protective sleeve device. 


Hematology 


Reference ranges for hematologic parameters of great apes may be 
found in Tables 38-7 and 38-8. 


Therapeutics 


Human formularies, in addition to standard veterinary references, 
may be used for many medication recommendations because of the 
similarities between great apes and humans. 


DISEASES 


Infectious Diseases 


Viral Diseases 

A review of some more frequently isolated viral pathogens associated 
with great ape respiratory diseases is provided in Table 38-9. Viral 
respiratory illnesses may cause mild to severe illness, with some 
resulting in mortalities. Secondary complications from bacterial 
infections such as Streptococcus pneumonia and Pasteurella multocida 
may occur and complicate recovery.'’ Individuals particularly at risk 
are infants and juvenile animals and geriatric or immunocompro- 
mised individuals. Respiratory illnesses have been identified as 
particularly problematic in captive orangutans, sometimes persisting 
or years without any visible clinical signs”: Outbreaks of viral 
respiratory illnesses in association with human contact have been 
documented in both captive and wild populations of great apes 
and may cause significant conservation and zoonotic disease con- 
cerns, P1089) Anes with preexisting cardiovascular com- 
promise may also be at increased risk of morbidity and mortality 
rom respiratory tract illnesses and should be monitored closely and 
given supportive care if affected during outbreaks. Diagnostics for 
respiratory illness in great apes may be challenging and causative 
agents are hard to identify. The high frequency of respiratory infec- 
ions in orangutans makes diagnostic imaging of the sinuses, upper 
airways, air sacs, and lungs important. Viral isolation and rising 
paired serum titers may be used to try to isolate viral etiologies, but 
it is often hard to isolate the cause of the initial illness. Because car- 
riers of human respiratory pathogens are often asymptomatic, 
wearing of masks (e.g., N95 masks are recommended) should be 
mandatory for humans in close contact with great apes. 

Viral hemorrhagic diseases caused by organisms such as Ebola 
virus strains should be mentioned because of the toll they have taken 
on wild populations of African apes. Ebola virus strains have been 
responsible for catastrophic deaths in wild populations of gorillas 
and chimpanzees and have happened in close association with 
human outbreaks.! 264121 

Research into retroviral infections in apes, their potential to 
impact ape health and captive ape management, as well as their 
zoonoses implications, have garnered increasing attention in recent 
years. Great apes may be naturally infected with a variety of retrovi- 
ruses, including simian immunodeficiency virus (SIV), simian 
T-lymphotropic virus (STLV), and simian foamy virus (SFV). 
Although these viruses have evolved over many generations in the 
great apes, they have been documented to cause clinical disease in 
some apes.” “: In contrast, simian foamy virus, a retrovirus that is 
highly prevalent in most nonhuman primates, has not been associ- 
ated with clinical disease in naturally infected primates. Although it 
has been shown that human retrovirus infections with human 
T-lymphotropic virus and human immunodeficiency virus (HIV) 
originated through multiple independent introductions of simian 


retroviruses into human populations that then spread globally, little 
is known about the frequency of such zoonotic events. Recommen- 
dations for the prevention of human exposures to simian retroviruses 
include the use of “universal precautions” and personal protective 
equipment (e.g., gloves, gowns, face shields or masks, and barrier 
clothing) when handling primates and primate bodily fluids; aeroso 
control; proper decontamination techniques; personnel training; and 
institution-specific medical surveillance programs. Testing to detect 
these viruses should be done through initial serial serologic screening 
of all animals for antibodies, which should be followed by additiona 
esting 1 year later to help identify recently exposed animals that 
may have seroconverted. Serologic testing alone may be sufficient for 
detection of SIV, STLV, and SFV infection in adult apes. Once an 
individual nonhuman primate (NHP) has been confirmed to be posi- 
ive for any retrovirus, it should be considered infected for life, and 
retesting for that virus is not necessary. 

Unique, species-specific hepatitis A and hepatitis B viruses have 
been documented in chimpanzees, gorillas, and orangutans and may 
cause clinical disease.” ””” Human herpes virus 1 has also been 
reported to cause clinical, usually mild, disease in great apes. Many 
other viruses may be present and may be asymptomatic or cause 
clinical diseases in apes and include pox viruses, cytomegalovirus, 
Epstein-Barr virus, and lymphocryptovirus among others.”. 


Bacterial Diseases 
Bacterial diseases that have been identified as causing significant 
morbidity and mortality in great apes may be found in Table 38-10. 
Therapeutic dosages of antibiotics may generally be inferred from 
the literature on human dosing. TB cases are rare in great apes 
because of stringent testing and quarantine procedures put into 
place in the 1970s and 1980s.*! TB in great apes is a slowly progres- 
sive disease with subclinical signs until the disease is in advanced 
stages. It is transmitted primarily through aerosolized, infected 
droplets from diseased individuals, but contaminated food, cages, 
needles, and bite wounds are all additional modes of potential 
ransmission. Great apes are susceptible to Mycobacterium bovis, M. 
tuberculosis, and M. avium, but individuals may have reactions after 
prior exposure to atypical mycobacteria also.*' Testing for mycobac- 
eriosis is important and may be somewhat problematic, especially 
in orangutans that may have false-positive reactions to the mam- 
malian old tuberculin (MOT) commonly used for TB testing in 
primates. No one test is adequate to confirm or rule out TB, and 
herefore a combination of tests should be performed. Testing may 
include thorough physical examination, thoracic radiography, CBC, 
intradermal testing (tuberculin skin test using 0.1 milliliter [mL] of 
mammalian tuberculin, human isolates, Colorado Serum Co., Syn- 
biotics Corp.), culture of lavaged fluids (gastric, tracheal, or bron- 
choalveolar), and additional diagnostics. Additional diagnostics 
include serologic tests, a lateral flow enzyme-linked immunosorbent 
assay (ELISA) for TB antibodies that may be performed on serum 
(PrimaTB STATPAK), polymerase chain reaction (PCR)-amplified 
deoxyribonucleic acid (DNA) probes, or y-interferon (Primagam) 
tests and may be valuable to detect subclinical infections. 
y-interferon immunoassay is probably a useful screening test in 
orangutans and is more reliable than multiple antigen ELISA or 
antigen 85 immunoassay in this species.* 
Great apes may also suffer from chronic, subclinical, or clinical 
laryngeal airsacculitis, which may result in significant morbidity 
and mortality, especially in orangutans.*!°?°*!”°? This disease is 
characterized by recurrent infections of the upper and lower respira- 
tory tract, including the sinuses, the laryngeal (submandibular) 
air sac, and the lungs. Bronchoalveolar lavage (BAL), with cytology 
and aerobic culture, typically reveals neutrophilic inflammation 
associated with numerous bacteria, including Pseudomonas aerugi- 
nosa, miscellaneous gram-negative enteric rods (e.g., Klebsiella spp.), 
and gram-positive cocci (e.g., Staphylococcus spp., B-hemolytic Strep- 
tococcus spp.).””” Clinical signs include acute forms, which may 
Text continued on p. 351 
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TABLE 38-7 —— 


Parameter Gorilla Orangutan Chimpanzee Bonobo 
Erythrocytes x 105cells/uL 

M 4.61 4.79 5.41 5.52 

Mdn 4.59 (3.52-5.87) 4.77 (3.72-5.93) 5.37 (4.18-6.78) 5.51 (3.95-6.76) 
PCV (%) 

M 38.9 38.2 43.5 41.8 

Mdn 38.6 (30.0-49.6) 38.0 (29.4-48.3) 43.2 (32.2-54.6) 41.4 (31.8-52.2) 
Hemoglobin (g/dL) 

M 12.4 11.8 14.0 13.4 

Mdn 12.3 (9.5-15.5) 11.8 (9.0-14.7) 13.9 (10.3-17.4 13.3 (10.1-17.0) 
MCV (fL) 

M 83.5 79.2 79.6 74.5 

Müdn 83.3 (70.5-96.3) 79.5 (65.0-91.3) 79.9 (64.8-93.1 74.5 (62.5-87.4) 
MCH (pg) 

M 26.9 24.8 26.0 24.4 

Mdn 27.0 (22.8-30.8) 24.8 (20.7-29.0) 26.0 (21.4—30.1 24.4 (20.7-30.5) 
MCHC (g/dL) 

M 32.3 31.3 32.5 32.5 

Madn 32.4 (28.2-35.6) 31.3 (27.4-35.3) 32.7 (27.9-35.6 32.6 (30.1-34.9) 
Leukocytes x 105/uL 

M 7.86 9.70 10.43 11.61 

Mdn 7.15 (3.44-16.49) 8.90 (4.28-19.52) 9.72 (4.24—20.78) 10.45 (3.26-27.33) 


Neutrophils x 10°/uL 


M 5.03 5.26 6.77 7.95 

Man 4.45 (1.13-12.37) 4.46 (1.31-13.17) 5.99 (1.15-16.48) 6.72 (1.20-21.60) 
Band Neutrophils x 105/uL 

M 0.04 0.05 0.05 0.06 

Man 0.03 (0.01-0.12) 0.04 (0.02-0.13) 0.05 (0.02-0.12) 0.05 (0.01-0.21) 
Lymphocytes x 10š/uL 

M 2.07 3.61 2.90 2.51 

Man 1.83 (0.59-4.84) 3.22 (1.18-8.40) 2.52 (0.76-7.27) 2.11 (0.45—7.08) 
Eosinophils cells/uL 

M 191 289 224 259 

Man 153 (38-571) 223 (48-931) 179 (56-671) 200 (50-790) 
Monocytes cells/uL À 

M 401 367 341 518 

Man 354 (60-1048) 302 (64-1083) 284 (62-944) 428 (84-1618) 
Basophils cells/uL 

M 75 85 93 126 

Man 65 (12-191) 80 (0-179) 85 (10-232) 106* 

Platelets x 10°/uL 

M 190 205 233 287 

Man 189 (2—389) 203 (2—371) 222 (89-430) 263 (132-567) 
Reticulocytes (%) 

M 0.2 ı 0.2 ıl 

Mdn 0.1 (0.0-0.8) (O) 0.1 (0.0-0.8) 7 

Nucleated RBC/100 VVBC 

M 0 1 3 2 

Man 0 (0-1) 0 (0-3) 0 (*) i 

Body Temp (C) 

M 37.27 36.72 36.94 36.94 

Man 37.27 (35.66-38.66) 36.77 (34.55-38.66) 37.05 (34.66-38.61) 37.05 (35.38-38.66) 
All values are given as M = mean; Mdn = Median; () = reference interval, *, no value available; (*), no reference value available. 


fL, Femtoliter, MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume; mg/dL, mil- 
ligram per deciliter; L, microliter; PCV, packed cell volume; pg, picogram; RBC, red blood cell; WBC, white blood cell. 
From Teare JA, ed: 2013, Western Gorilla (gorilla gorilla), Orangutan (pongo pygmaeus), Chimpanzee (Pan troglodytes), Bonobo (Pan paniscus)—No 
selection by gender. All ages combined. Standard International Units 2013 CD.html in ISIS Physiological Reference Intervals for Captive Wildlife: A 
CD-ROM Resource, International Species Information System, Bloomington, MN. 


346 PART IV - MAMMAL GROUPS 


TABLE 38-8 —— 


Parameter Gorilla Orangutan Chimpanzee Bonobo 
Total Protein (g/dL) 

M 7.2 7.2 7.2 7.2 

Mdn 7.2 (5.7-8.7) 7.2 (506-8.6) 7.2 (5.8-8.7) 7.2 (5.6-8.4) 
Albumin (g/dL) 

M 3.8 4.1 3.6 3.6 

Mdn 3.8 (2.8-4.8) 4.1 (2.9-5.2) 3.6 (2.5-4.5) 6.3 (2.3-4.5) 
Globulin (g/dL) 

M 3.4 3.0 3.6 3.3 

Mdn 3.4 (1.3-4.9) 3.0 (1.6-4.3) 3.6 (2.3-5.1) 3.5 (0.9-4.7) 
Calcium (mg/dL) 

M 9.4 9.5 9.2 9.0 

Mdn 9.4 (8.3-10.6) 9.5 (8.0-11.0) 9.2 (7.9-10.7) 9.0 (8.1—10.2) 
Magnesium (mg/dL) 

M 1.70 1.69 1.82 zi 

Mdn 1.68 (1.10-2.53) 1.69 (0.71—2.46) 1.81 (1.17-2.41) i 
Phosphorus (mg/dL) 

M 4.2 4.1 4.0 3:5 

Mdn 4.1 (2.5-6.1) 4.1 (2.0-6.6) 3.8 (1.7-7.2) 3.4 (1.4-6.5) 
Ca/Phos ratio 

M 2.4 2.4 2.6 2.7 

Mdn 2.3 (1.5-3.6) 2.3 (1.4-4.3) 2.4 (1.2—5.0) 2.6 (1.4—5.0) 
Sodium (mEq/L) 

M 137 140 141 140 

Mdn 137 (130-145) 140 (133-148) 141 (133-151) 140 (134-147) 
Potassium (mEq/L) 

M 4.3 4.1 3.9 3.6 

Mdn 4.3 (3.3-5.7) 4.1 (3.2-5.7) 3.9 (2.8-5.3) 3.6 (2.7-4.8) 
Na/K Ratio 

M 32.0 34.4 36.3 39.2 

Mdn 32.0 (23.2-41.3) 34.5 (22.9-44.7) 36.0 (25.3-50.1) 38.5 (28.1-52.9) 
Chloride (mEq/L) 

M 101 102 103 102 

Mdn 101 (94-108) 102 (94-110) 103 (94-111) 102 (94-109) 
Creatinine (mg/dL) 

M 1:1 1.0 1.0 0.8 

Mdn 1.1 (0.5-1.9) 0.9 (0.4—1.9) 1.0 (0.5-1.5) 0.8 (0.3-1.5) 
Urea nitrogen (mg/dL) 

M 10 12 10 9 

Mdn 10 (4-19) 11 (4-24) 10 (3-18) 9 (3-17) 
BUN/Cr ratio 

M 10.4 13:1 10.8 12.5 

Mdn 9.4 (3.6-23.3) 11.5 (4.4—30.3) 10.0 (3.3-23.1) 11.4 (3.4-28.9) 
Uric acid (mg/dL) 

M 1:2 1.7 2.6 2.3 

Mdn 1.2 (0.2-2.5) 1.6 (0.3-3.5) 2.5 (0.9-4.7 2.3 (0.9-3.6) 
Total bilirubin (mg/dL) 

M 0.5 0.5 0.3 0.3 

Mdn 0.5 (0.2-1.2) 0.5 (0.2-1.3) 0.2 (0.1-0.7 0.3 (0.1-0.6) 
Direct bilirubin (mg/dL) 

M 0.1 0.2 0.1 0.0 

Mdn 0.1 (0.0-0.4) 0.1 (0.0-0.6) 0.1 (0.0-0.3 0.0 (*) 
Indirect bilirubin (mg/dL) 

M 0.3 0.4 0.2 0.3 

Mdn 0.3 (0.1-0.8) 0.3 (0.1-1.1) 0.1 (0.0-0.5 0.3 (*) 
Cholesterol (mg/dL) 

M 256 185 195 224 

Mdn 246 (140-455) 183 (94-297) 190 (107-307) 220 (153-348) 
Triglycerides (mg/dL) 

M 116 103 99 80 

Madn 100 (43-288) 87 (30-268) 90 (33-221) 73 (34-186) 
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TABLE 38-8 

Parameter Gorilla Orangutan Chimpanzee Bonobo 
Low-density lipoprotein (mg/dL) 

M 106 96 105 106 

Man 106 (1-249) 101 (6-196) 103 (31-176) 105 (40-170) 
High density lipoprotein (mg/dL) 

M 91 54 56 94 

Man 89 (31-192) 52 (2-103) 52 (3-101) 94 (50-138) 
Glucose (mg/dL) 

M 79 95 88 78 

Madn 76 (44-129) 92 (35-166) 84 (44-156) 75 (46-126) 
Bicarbonate (mEq/L) 

M 26.5 25.4 27.2 * 

Man 26.3 (17.3—34.4) 25.1 (16.5-35.8) 27.2 (17.0-36.3) li 

Carbon dioxide (mEq/L) 

M 25.6 25.1 26.1 29.1 

Madn 25.0 (16.4—40.8) 25.0 (15.3-37.8) 25.7 (14.6-37.8) 28.9 (20.3-37.6) 
İron (ug/dL) 

M 92 121 90 113 

Man 90 (37-177) 121 (28-221) 88 (23-152) 108 (*) 
LDH (IU/L) 

M 586 352 485 316 

Man 434 (210-1644) 256 (129-933) 356 (162-1318) 292 (45-539) 
Alk phos (IU/L) 

M 389 234 128 151 

Madn 258 (103-1147) 152 (55-709) 95 (39-443) 93 (51-489) 
GGT (IU/L) 

M 25 13 28 10 

Madn 20 (4-76) 11 (3-30) 26 (10-58) 10 (4-21) 
CK (IU/L) 

M 269 145 232 157 

Mdn 212 (59-791) 120 (32-379) 179 (56-689) 130 (0-340) 
AST (IU/L) 

M 31 14 23 20 

Madn 27 (11-75) 12 (4-33) 21 (9-52) 19 (8-38) 
ALT (IU/L) 

M 31 20 31 31 

Mdn 27 (7-72) 18 (5-47) 28 (11-62) 28 (12-60) 
Amylase (IU/L) 

M 28 79 38 17 

Man 25 (6-68) 70 (27-186) 33 (9-93) 17 (1-32) 
Lipase (IU/L) 

M 13 24 32 17 

Man 6 (0-58) 26 (3-63) 30 (1-70) 16 (0-36) 
Thyroxine (ug/dL) 

M 6.3 4.2 8.1 7.7 

Man 5.8 (3.2-12.4) 3.7 (0.2-10.1) 8.0 (2.9-13.1) 7.2 (1.0-13.4) 
Triiodothyronine uptake (76) 

M 39 35 i : 

Madn 40 (28-53) 38 (10-66) ii i 

Free thyroxine (ng/dL) 

M 1.8 1.9 * 1.6 

Man 1.7 (0.3-3.0) 1.2 (0.0-4.6) * 1.5 (0.4—2.6) 


All values are given as M = mean; Mdn = Median; (reference interval). 


g/aL, Gram per deciliter; /U/L, international unit per liter; mEq/L, milliequivalent per liter; mg/dL, milligram per deciliter; ug/dL, microgram per deciliter; 
mmol/L, millimole per liter; mOsmol/L, milliosmole per liter; ng/dL, nanogram per deciliter; Unit/L, unit per liter; *, no value available; (*), no reference 


value available. 


From Teare JA, ed: 2013, Western Gorilla (gorilla gorilla), Orangutan (pongo pygmaeus), Chimpanzee (Pan troglodytes), Bonobo (Pan paniscus)—No 
selection by gender. All ages combined. Standard International Units 2013 CD.html in ISIS Physiological Reference Intervals for Captive Wildlife: A 
CD-ROM Resource, International Species Information System, Bloomington, MN. 
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include lethargy, anorexia, moist cough, laryngeal air sac swelling, 
and pyrexia, and chronic airsacculitis with intermittent nasal dis- 
charge, rhinitis, halitosis, and cough. Consultation with a pulmon- 
ologist, infectious disease specialist, or both for treatment of affected 
animals is advantageous. Treatment consists of supportive care, anti- 
biotics, surgical closure of the ostia to prevent future aspiration of 
air sac contents, air sac removal in extreme cases, or all of these. Air 
sacs may also be marsupialized to allow drainage of air sac exudate. 
Topical antibiotic administration via nebulization is recommended 
in acute cases. 


Mycotic Diseases 
Mycotic diseases that have been implicated as causing morbidity and 
mortality in great apes are given in Table 38-11. 


Parasitic Diseases 

Parasitic diseases may cause significant morbidity and mortality in 
great apes and are provided in Table 38-12. Management of parasitic 
disease in captive collections may be performed by a schedule of 
routine fecal examinations, combined with effective treatment 
regimes using antiparasitic drugs and environmental management to 
reduce parasite exposure. Complete fecal evaluations should consist 
of techniques to maximize results such as fecal flotation, centrifuga- 
tion and sedimentation, and direct fecal smears. Fecal monitoring 
should be performed at least twice yearly. Daily cleaning and disin- 
fection protocols, scheduled substrate maintenance, and rotations, 
as well as vector control, all contribute to the management of parasit- 
ism in apes. Ape parasites and the effective therapeutics for parasitic 
infections may be found in both human and veterinary literature. 
Collections that house juvenile great apes should pay particular 
attention to Strongyloides spp., Ancyclostoma duodenale, and Necator 
americanus, which have all been implicated as a cause of mortality 
in juvenile orangutans and gorillas.”””” Elimination of these enteric 
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infections in adults will help prevent disease in younger animals, and 
regular repetitive fecal examinations and anthelmintic treatments are 
recommended especially for pregnant, lactating, and infant animals. 
The Baermann technique is found to be the most sensitive diagnostic 
for detecting Strongyloides spp. in fecal samples and is recommended 
as a routine screening diagnostic. Prophylactic antiparasitic treat- 
ments targeting Strongyloides spp. should be strongly considered, 
particularly in breeding groups. The most common prophylactic 
treatment regimen reported is monthly ivermectin. However, other 
drugs and other dosing intervals have been used for this purpose, 
and the relative efficacies of the various strategies have not been 
investigated. Using a rotation of different classes of antiparasitic 
drugs may be considered in cases where parasite drug resistance is 
suspected or is a concern. 

Although coccidia and oxyurids have been reported in great apes, 
their clinical significance is not fully known.’ Balantidium coli and 
Entamoeba sp. may be enzootic in some collections, and many 
animals will be asymptomatic carriers, with no clinical issues until 
stressors occur (infants, new animals). The most common clinical 
disease seen will be a diarrheal syndrome (mucosal inflammation or 
irritation with frequent, mucous, semi-liquid stools) or dysentery 
(erosive mucositis with rectal urgency, blood, and mucus). Invasive 
enterocolitis may occur and may lead to ulceration, abscess forma- 
tion, and perforation. 


Cardiovascular Disease 

Cardiovascular disease (CVD) is a significant cause of mortality in 
all four great ape species, but the causes are not clear. Systematic 
reviews of necropsy reports from zoo gorillas, orangutans, chimpan- 
zees, and bonobos and of wild mountain gorillas have reported 
a pattern of significant myocardial fibrosis in gorillas, orangutans, 
chimpanzees, and bonobos.” The most common pathology 
associated with captive ape CVD is structural remodeling, and myo- 
cardial fibrosis in the absence of coronary artery disease and 


TABLE 38-11 
Disease Etiology Epizootiology Signs Diagnosis Management 
Candidiasis Candida albicans Normal saprophyte of Dysphagia, Cytology, culture Nystatin treatment 
mucous membranes excessive May treat 
and gastrointestinal salivation, prophylactically if 
(Gl) and genital tracts diarrhea suspect susceptibility 


Infections secondary to 
antibiotic therapy and 
immunosuppression 


(infants being 
nursery reared) 


Coccidiodes 
immitis 


Coccidiomycosis Saprophytic. Infection 
via inhalation 

Lesions most common 
in bone and lung, but 


may be disseminated 


Initial respiratory, 


Antifungals, largely 
unsuccessful 


Radiography, serology, 
complement fixation 
test, tube 
precipitation test 

Histopathology, 


then systemic 
disease 


culture 
Dermatophytosis Microsporum canis, Direct contact or Circular lesions, Clinical signs, Systemic or topical 
Trichophyton fomites contact generalize hair microscopic antifungal 
rubrum loss, scaly, examination of hair, 
patchy hair loss culture 
Pneumocystosis | Pneumocystis Seen in stress or Respiratory signs, Histology None 
carinii immunocompromise anorexia, 
pneumonia 
Sporotrichosis Sporothrix schnekii Saprophyte Skin nodules, lymph ECytology, culture None 


Dermal compromise 


node enlargement 
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Parasite 
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Location in Host 


Clinical Signs 


Diagnosis 


Treatment 


Entamoeba histolytica 


Colon and cecum; may go 
to liver, lung, central 
nervous system (CNS) 


Vomiting, bloody diarrhea, 
lethargy, dehydration, 
anorexia 


Fecal trophozoites or 
cysts; examine feces 
at body temperature 

Add dilute eosin or Lugol 
solution to visualize 
protozoa 


Metronidazole, chloroquin, 
tetracycline, doxycycline, 
diiodohydroxyquine 


Balamutharis 
mandrillaris 


Brain, lung, liver, kidney, 
mammary gland 


Paresis, lethargy 


Isolation of organism 


No known effective 
treatment 


Balantidium coli 


Cyclospora spp. 


Cecum, colon 


Intestines 


May be asymptomatic 
Ulcerative colitis: watery 
diarrhea, weight loss, 

anorexia 


Diarrhea 


Fecal trophozoites or 
cysts on fresh direct 
smears or 
sedimentation 


Oocytes in feces 


Metronidazole, paramomycin, 
diiodohydroxyquine, 
tetracyclines 

May form cysts that are 
resistant to temperature 
extremes and disinfection 

Trimethoprim- 
sulfamethoxazole 


Giardia spp. 
(intestinalis, lamblia) 


Small Intestine 


Prolonged watery 
diarrhea, vomiting, 
dehydration 


lodine-stained wet mount 
or trichome-stained 
smear: trophozoites or 
cysts in feces 

Biopsy 

Enzyme-linked 
immunosorbent assay 
(ELISA): fecal antigen 
detection 


Metronidazole, furazolidone 


Plasmodium sp. 


Erythrocytes 


None to anemia, collapse, 
weakness 


Blood smear, +/— ELISA 


Chloroquin, primaquin 


Ancylostoma 
duodenale 


Small intestine 


Anemia, dyspnea, 
debilitation, ascites 


Fecal ova, necropsy, 
larval examination from 
cultured eggs 


Benzimidazole, ivermectin, 
pyrantel pamoate, 
levamizole 


Ascaris lumbricoides 


Intestines 


Diarrhea, respiratory signs 
from larval migrans 


Fecal ova 


Mebendazole, piperazine 


Enterobius vermicularis 


Large intestines 


Anal irritation and pruritus 


Fecal ova, visualization of 
adults around anal 
opening, tape 
impression smears 


Hygiene, benzimidazole, 
ivermectin, pyrantel 
pamoate, levamizole 


Nector americanus 


Small intestines 


None to potentially 
severe anemia 


Eggs difficult to 
distinguish from other 
strongyles 


Benzimidazoles, ivermectin, 
pyrantel pamoate, 
levamizole, thiabendazole 


Strongyloides 
fulleborni, 
Strongyloides 
stercoralis 


Intestines, larval migrans: 
lungs and other organs 


Diarrhea, obstipation, 
urticaria, emaciation, 
peritonitis, and death 


Fecal identification of 
larvae, Baerman 
techniques, necropsy 
identification of adults 


Benzimidazoles, ivermectin, 
pyrantel pamoate, 
levamizole, thiabendazole 


Hymenolepsis nana 


Small intestines 


Diarrhea, abdominal pain 


Fecal ova or proglottids 
in feces 


Praziquantel 


Echinococcus sp. 


Larvae in abdominal 
viscera (especially liver), 
lung, peritoneal cavity, 
eye 


Abdominal distension 
with fluid wave, 
exophthalmia, swelling 


Ultrasonography (cysts 
within a cyst), 
aspiration, surgery 


Prevent access to canid 
feces, surgical removal 


Pneumonyssus sp. 


Trachea, bronchi, lungs 


Coughing, sneezing 


Bronchial wash: eggs 
and larvae seen; fecal 
examination, necropsy 


Ivermectin 


Oesophagostomum sp. 


Colonic wall, mesentery 


Weight loss, debilitation 


Fecal oocyte 
identification 


Hygiene, benzimidazole, 
ivermectin, pyrantel 
pamoate, levamizole 


Sarcoptes scabiei 


Skin 


Pruritus, alopecia, 
anorexia 


Oocyte, mite in deep 
skin scrapings 


Hygiene, ivermectin 


Trichuris trichura 


Cecum, colon 


Diarrhea, anorexia 


Fecal oocyte 
identification 


Hygiene, benzimidazole, 
ivermectin, pyrantel 
pamoate, levamizole 


cardiomyopathy (including left ventricular hypertrophy and dilated 
cardiomyopathy), aortic dissections, valvular disease, and electrocar- 
diographic abnormalities have all been observed. 2264247 Cardio- 
vascular disease occurs predominately, but not exclusively, in males 
in the middle to older age groups. Clinical signs of CVD, when 
present, are rare in apes but have been reported to be lethargy, social 
withdrawal, peripheral edema, ascites, unilateral paresis, arrhyth- 
mias, anorexia, and reluctance to lie down. Sudden cardiac death is 
often the only sign seen. 

A complete cardiac evaluation under anesthesia should include 
electrocardiography, echosonography, blood pressure measure- 
ments, thoracic radiography, blood work (lipid panels, cardiac bio- 
markers), and retinal examinations.”” ox-2 agonists have gained 
popularity as great ape induction agents because of their reversibil- 
ity and lowered dose of concomitant drugs needed. The disadvan- 
tages include potentials for spontaneous arousals and the 
cardiovascular effects of &-2 agonists such as peripheral vasocon- 
striction, increased vascular resistance and bradycardia. Accurate 
cardiovascular assessment may be challenging when o-2 agonists 
are used and not reversed prior to the assessment, and caution 
should be used in individuals with unknown cardiac status. Once 
an animal has been diagnosed with cardiac disease, 0-2 agonists 
should be avoided. 

Institutions may consider training their apes via operant condi- 
tioning to participate in nonanesthetized cardiac evaluations by 
echosonography. Apes have also been conditioned to accept non- 
anesthetized blood pressure monitoring, and several institutions 
have successfully used implanted loop recorders to remotely assess 
heart rate variability and electrocardiography. Interestingly, although 
ape blood cholesterol levels tend to be higher than in humans, apes 
rarely develop major coronary artery occlusion, and myocardial 
infarction is rare.””” 

Management of diagnosed CVD in apes has consisted of graduat- 
ing levels of B-1 or 6-1 adrenergic blockers, ace inhibitors, or both, 
depending on review of cardiac thickening and systolic or diastolic 
function. The use of diuretics has been limited to individuals with 
obvious respiratory compromise or fluid accumulation. Potential 
etiologies for great ape CVD are under investigation and include, but 
are not limited to, genetic predisposition, hypertension, and nutri- 
tional imbalances (dietary sodium levels, lack of fiber, high- 
carbohydrate diets, and lack of dietary antioxidants). The Great Ape 
Heart Project (GAHP at www.greatapeheartproject.org) based at Zoo 
Atlanta, in Atlanta, Georgia, is an international, collaborative effort 
to investigate great ape CVD and establish uniform diagnostic, treat- 
ment, and prevention strategies. 


Musculoskeletal Disorders 

Musculoskeletal disorders in great apes may result from traumatic 
injuries, infectious diseases, infections, nutritional imbalances, and 
congenital defects 212227 Management of these disorders depends 
on their etiology. Great apes are highly adaptable, and even with 
permanent musculoskeletal impairments, changes in management 
and husbandry of these animals, along with effective analgesics, may 
be very effective for long-term management. 


Neoplastic Diseases 

Neoplasia has been documented to affect the brain, central nervous 
system, bone marrow, skin, and reproductive organs of great apes. 
A link between immunosuppression associated with SIV and STLV-1 
may be seen in some lymphomas and leukemias. Consultation with 
human and veterinary oncologic and surgical oncology specialists is 
highly recommended in cases of great ape neoplasia. 


Dental Diseases 
Traumatic tooth injuries may occur frequently and may result in 
exposure of dentin and tooth roots. Periodontal disease, gingival 
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infections and hyperplasia and retained deciduous teeth may also 
cause dental issues in apes. 


Endocrine Diseases 

Thyroid disorders such as hypothyroidism and hyperthyroidism 
have been reported in great apes. Diabetes (both insulin-dependent 
and non-insulin-dependent) has also been reported. 


Congenital Disorders 

Congenital disorders seen in great apes include chromosomal abnor- 
malities, cleft palates, aortic coarctation, atrial septal defects, and 
conjoined twins. 
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CHAPTER 9 


Xenarthra 


Roberto F. Aguilar and Mariella Superina 


BIOLOGY 


The superorder Xenarthra consists of 31 extant species of armadillos 
(Cingulata—Dasypodidae), sloths (Pilosa—Folivora: Bradypodidae 
and Megalonychidae), and anteaters (Pilosa—Vermilingua: Myr- 
mecophagidae and Cyclopedidae), which are restricted to the New 
World. This monophyletic group has a fossil history of at least 65 
million years and is considered one of the basal clades of placental 
mammals.'* Most xenarthrans remain inadequately studied, and 
taxonomic uncertainties still exist. 
The 21 living armadillo species show different degrees of fosso- 
riality and considerable differences in habitat preferences, diet, and 
behavior. Table 39-1 provides information on selected armadillo 
species. Some species such as Dasypus novemcinctus, Chaetophractus 
villosus, and Tolypeutes matacus are commonly kept in zoologic 
institutions. ”’ 

The two genera and six species of arboreal sloths are restricted 
to New World tropical rainforests (Table 39-2). The two species of 
two-toed sloths (Choloepus), which have predominantly nocturnal 
habits, are relatively common in zoologic collections. The four pre- 
dominantly diurnal species of three-toed sloths (Bradypus) are only 
rarely kept.19233 

All four anteater species are myrmecophagous but differ in their 
habits. Giant anteaters (Myrmecophaga tridactyla) are ground dwell- 
ers and have a limited ability to climb. Lesser anteaters (Tamandua 
spp.) are predominantly arboreal but also move, feed, and rest on 
the ground; and silky anteaters (Cyclopes didactylus) are strictly arbo- 
real and nocturnal (see Table 39-2).” 


UNIQUE ANATOMY AND PHYSIOLOGY 


The Xenarthra bear several unique anatomic traits such as additional 
(xenarthrous) joints of lumbar vertebrae; fusion of the ischium to 
the anterior caudal vertebrae; a secondary scapular spine; extensive 
retia mirabile in the limbs; paired postrenal venae cavae; and ossifted 
sternal ribs. Their well-developed claws are used for digging, cling- 
ing to tree branches, and defense. Except for the toothless Vermilin- 
gua, xenarthrans have significantly reduced, homodont, continuously 
growing teeth that lack enamel. Caniniform teeth are present in 
sloths. The most conspicuous morphologic feature of armadillos is 
the presence of a carapace consisting of ossified dermal tissue covered 
by epidermal scales. Sloths have specialized, large stomachs con- 
sisting of several chambers, in which bacterial flora breaks down and 
ferments rough plant material. They descend to the ground about 
once a week to defecate. 

All Xenarthra have low basal rates of metabolism that are around 
40% to 60% of those expected for their body mass.” This should be 
taken into account when medicating them, as drug metabolism may 
be reduced. Body temperatures of Xenarthra are low and variable. 
In some cases, they vary according to ambient temperature.’’ At least 
one species (Zaedyus pichiy) may enter torpor and hibernation.” 


SPECIAL HOUSING REQUIREMENTS 


Because of their particular susceptibility to low ambient tempera- 
tures, xenarthrans should have access to a heated shelter if ambient 
temperature drops below 15°C. Access to both sunlight and shaded 
places will help them thermoregulate. Two-toed sloths tolerate 


temperatures from approximately 17°C to 35°C and require high 
humidity levels (60%-80%). 

Armadillos should be kept on a soft substrate such as soil, string- 

bark mulch, or wood shavings, which allow them to dig. Hard 
looring such as concrete bears a higher risk of injury because of the 
armadillos’ constant digging attempts. Outdoor facilities require wall 
footers extending underground for at least 1 meter (m) to keep them 
from escaping. If kept in pairs or groups, sufficient hiding places 
must be provided to prevent aggression between conspecifics. 
Injured armadillos should be separated to prevent cannibalism. 
Captive sloths require large spaces with multiple areas to climb, 
platforms for feeding or resting, and hides. The use of ropes should 
be avoided as the claws may become entangled. Floors should 
consist of soil and be devoid of hard or sharp objects to prevent 
injuries in case of accidental falls.””” Bradypus sloths are extremely 
difficult to maintain in captivity because of their specialized diet, as 
well as their susceptibility to infectious diseases and management- 
related diseases. Male sloths may show aggressive behavior when 
defending territory” 
Anteaters should be kept on natural flooring. Tamandua and 
Cyclopes require numerous branches to climb. Myrmecophaga like to 
bathe and defecate in water and should thus have access to a pool. 
Rotting logs should be offered to allow anteaters to forage and wear 
down their claws. 


FEEDING 


Armadillo species may be classified as carnivores-omnivores, gener- 
alist fossorial insectivores, generalist terrestrial insectivores, or spe- 
cialist insectivores (anteaters and termite eaters) according to their 
trophic specialization.*’ Captive diets consist of a mixture of beef or 
dog food, fruit, vegetables, eggs, and vitamin and mineral supple- 
ments. Interspecific and seasonal differences are usually not consid- 
ered in captive diet composition. Pathologies related to inadequate 
diets are common and include obesity, renal failure, digestive imbal- 
ances, hypovitaminoses, and dental disease.”””" 

The diet of wild sloths is rich in fiber and contains low levels of 
energy and soluble carbohydrates. Three-toed sloths (Bradypus) have 
a highly selective diet composed of 9996 leaves, mainly of Cecropia. 
Individuals of this genus seem to become strongly attached to a 
specific tree species, and large individual differences seem to exist in 
the digestive efficiency. Transferring them to a captive diet is diffi- 
cult.°”’ The natural diet of two-toed sloths (Choloepus) is more 
varied. In addition to plants, they sometimes eat insects, birds, and 
small reptiles.””” Captive individuals may eat a wide variety of food 
items, including fruit and vegetables, commercial small animal prep- 
arations, boiled eggs, and cheese. Leaves, flowers, and wild fruit 
must be offered, and the food must be placed on elevated platforms. 
Food items should be cut lengthwise to facilitate handling. Sources 
of animal protein or commercial diets for dogs or primates should 
not exceed 10% of the diet. Some authors believe that sloths do not 
drink water but, rather, obtain water from the breakdown of fresh 
İcaves. ” Clinically, inadequate or imbalanced diets have been impli- 
cated in digestive stasis, rectal prolapse, severe diarrheas, dysbiosis, 
stunted growth, and urolithiasis. Anecdotal reports suggest that some 
sloths respond well to transfaunation during episodes of suspected 
dysbiosis. 
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Anteaters forage almost exclusively on ants and termites, but the 
proportion of these insects varies among species, regionally, indi- 
vidually, and seasonally.** Giant anteaters (M. tridactyla) may also 
ingest seeds, beetle larvae, and bees, and lesser anteaters (T. tetra- 
dactyla) consume beetles and seeds. Tamandua mexicana has been 
observed foraging on fruit of the palm Attalea butyracea.**** Several 
diets have been formulated for feeding Myrmecophaga and Tamandua 
in captivity. Diets are usually based on a semi-liquid mix that con- 
tains dog or cat food, lactose-free milk, egg, red meat, and fruit. 
Cyclopes didactylus only ingests arboreal ants, making the formulation 
of an artificial diet extremely difficult.’ All anteater species’ diets 
should be supplemented with vitamin K (Myrmecophaga: 5 milli- 
grams per day [mg/day]; Tamandua: 3 mg/day) and taurine (2.2 
grams per day [g/day] for Myrmecophaga and Tamandua) (Miranda, 
personal communication). Vitamin K deficiency may lead to hema- 
turia and prolonged bleeding. Taurine deficiency has been associated 
with dilatory cardiomyopathy. Giant anteaters will develop gastroin- 
testinal (GI) impaction and constipation or chronic soft stool and 
diarrhea if fiber and chitin levels in the diet are low. The diet of 
Cyclopes should be supplemented with selenium (0.2 g), taurine 
(0.18 mg), probiotics, vitamins, and minerals (Rojas Moreno, per- 
sonal communication). 


RESTRAINT AND HANDLING 
Physical Restraint 


Armadillos may defend themselves with their limbs and sharp claws 
when being caught. Heavy gloves should be used while holding them 
to avoid scratches. Euphractus sexcinctus is the only species that may 
try to bite. Armadillos are agile and will try to wriggle out of the 
handler’ grip. Applying light lateral pressure on the carapace often 
calms them down. Tolypeutes species roll up into a ball when feeling 
threatened. They will unroll themselves once they are placed on a 
hard surface. Large armadillos may be picked up by the lateral edges 
of the carapace and smaller species grasped by the carapace with one 
hand. They should only be held by the base of the tail, and their 
carapace supported with the other hand for short periods. 


TABLE 39-3 


Two-toed sloths (Choloepus) are more aggressive than three-toed 
sloths (Bradypus) and need to be handled more carefully. Adult two- 
toed sloths may grip the arms or body of the restrainer and inflict 
severe injuries with their sharp claws or caniniform premolar teeth. 
Physical restraint must be gentle but firm and performed by at least 
two persons using leather gloves to hold the feet and the head of the 
animal. Attempts to force physical restraint on a sloth are likely to 
be unsuccessful or even dangerous. Infants may feel more comfort- 
able if allowed to grip the arm of a restrainer. 

Tamandua and Cyclopes may be held using leather gloves by 
grasping the forearms and head or simply placing them in a cloth 
bag, In the case of Cyclopes, using a cloth bag, to which they may 
cling, may facilitate manipulation and weighing. Myrmecophaga 
may be restrained using forked wooden sticks or nets, making 
sure the mouth or lips are not harmed during the capture. ””” Special 
care must be taken to avoid their claws, and gauze and elastic ban- 
dages may be placed over them during procedures to avoid potential 
injury. 


Chemical Restraint 


Xenarthra have low metabolic rates and low and varying body tem- 
peratures. Their chemical restraint must therefore be performed at a 
stable room temperature. In cool environments, a heat source should 
be used to avoid significant drops in body temperature. Vital signs 
should be monitored during the entire procedure. Intubation of 
anteaters and armadillos may be challenging to impossible, given 
their peculiar anatomy and prolonged diastemas in a very narrow 
mouth. Intubation of Dasypus novemcinctus may be possible with a 
polyethylene tube of 0.6 to 1.3 cm diameter and a flexible endo- 
scope. “ Anesthesia may be maintained with tight-fitting masks, pro- 
vided secretions are not overabundant. Sloths may usually be 
intubated by using conventional small animal techniques and 
materials. 

Most inhalation and injectable anesthetics may be used for arma- 
dillos (Table 39-3).17:19793 Considerable interspecific and individual 
differences have been observed in the duration and depth of anes- 
thesia, and doses may need to be adjusted accordingly.” Animals of 


Captive (C), Reversal Agent/Dose 
Free-ranging (F) Generic Name Dose (mg/kg, IM) (mg/kg) Comments 
Dasypus F Ketamine 25 
novemcinctus Acepromazine 0.3 
F Ketamine 4-7.5 Atipamezole 0.38 
Medetomidine 0.075 
F Ketamine 40 Prolonged recovery 
Xylazine 1 
F Tiletamine / Zolazepam 8.5 Prolonged recovery 
C Fentanyl citrate / Droperidol 0.11-0.25 mL/kg 
Tolypeutes F Ketamine 20-37 Yohimbine 0.12—0.14 Risk of hypothermia 
matacus Xylazine 0.6-1.25 
F Tiletamine / Zolazepam 3.85-11.9 Considerable interindividual 
variation in degree of 
muscle relaxation 
Severe respiratory 
depression possible 
Zaedyus pichiy Cc Tiletamine / Zolazepam 15 Prolonged recovery 
Cc Ketamine 7 Atipamezole 0.4 
Midazolam 0.05 
Dexmedetomidine 0.05 
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TABLE 39-3 ü 
Captive (C), Reversal Agent/Dose 
Free-ranging (F) Generic Name Dose (mg/kg, IM) (mg/kg) Comments 
Choloepus F etamine 10 
didactylus Acepromazine 0.1 
F etamine 10 
Xylazine 1 
F etamine 3 Atipamezole 0.2 
Medetomidine 0.04 
C etamine 8-13 Associated with isoflurane 
Midazolam 0.22-0.42 anesthesia 
C Medetomidine 0.01 Atipamezole 0.05 
Midazolam 0.21-0.25 
Butorphanol 0.21-0.25 
F/C Tiletamine / Zolazepam 10 / 1.9-6 
Choloepus C Ketamine 2.42-2.92 Atipamezole 0.17-0.27 
hoffmanni Dexmedetomidine 0.008-0.016 
Midazolam 0.1 
C Tiletamine / Zolazepam 4.4 
Bradypus F etamine 2.5 
variegatus Medetomidine 0.02 
Bradypus etamine 1.3 
torquatus Acepromazine 0.1 
Myrmecophaga etamine 5-10 Yohimbine 0.12—0.2 No regurgitation 
tridactyla Xylazine 0.5-1.5 
etamine 2-4 Atipamezole, 5x Good muscle relaxation 
Medetomidine 0.02-0.04 Medetomidine dose 
etamine 5-10 Flumazenile 0.01-0.02 Short procedures 
Midazolam 0.2 
etamine 8.8 Associated vvith isoflurane 
Acepromazine 0.06 anesthesia 
Diazepam 0.3 
Buprenorphine 0.006 
Ketamine 4 Atipamezole 0.15 Rapid induction and 
Dexmedetomidine 0.015 recovery after reversion 
Midazolam 0.1 
Tamandua Ketamine 20 Good musele relaxation 
tetradactyla Xylazine 1 
Ketamine 4-5 Atipamezole 0.15 Rapid induction and 
Dexmedetomidine 0.02 recovery after reversion 
Midazolam 0.1 
Tiletamine/Zolazepam 15 Rapid induction, prolonged 
recovery 
Cyclopes Ketamine 8-12 Short procedures 
didactylus Midazolam 0.4 
Ketamine 4 Atipamezole 0.15 Rapid induction and 
Dexmedetomidine 0.015-0.03 recovery after reversion 
Midazolam 0.1 


IM, Intramuscularly: mg/kg, milligram per kilogram; mL/kg, milliliter per kilogram. 


the genus Dasypus seem to be less sensitive to ketamine compared 
with other Xenarthra and require a higher dose.*' Premedication 
with 0.02 to 0.04 mg/kg atropine prevents intensified salivation 
during anesthesia with ketamine. Inhalation anesthesia with isoflu- 
rane is recommended for longer surgical interventions. Induction 


with masks or in chambers may be problematic because of the arma- 
dillos” ability to hold their breath for several minutes." 

Chemical restraint of sloths may be risky and even life threatening 
for the patient. Several authors recommend the use of injectable 
chemical restraint agents (see Table 39-3).'*?*°7°° Isoflurane 
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FIGURE 39-1 Blood collection from the ventral coccygeal vein in a 
southern lesser long-nosed armadillo (Dasypus hybridus). (Photograph 
by M. Superina.) 


anesthesia by means of a facemask, followed by intubation, is recom- 
mended rather than fixed anesthesia protocols. 

A variety of fixed anesthesia protocols has proven effective in 
anteaters, both in field and in captive conditions (see Table 
39-3).20.954658 The anesthetic may be injected by hand after physical 
restraint or darted into the forelimb muscles. 


DIAGNOSTICS 


n armadillos, the presence of the carapace precludes easy palpation 
or auscultation. Rectal temperature is difficult to interpret because 
of the highly variable body temperature of armadillos, which may 
range from 32°C to 38°C in healthy individuals. Blood is best col- 
ected from the ventral tail vein (Figure 39-1). The medial saphenous 
vein may be used as an alternative, especially for larger volumes or 
or catheterization.” Normal heart rate is around 116 per minute in 
Chaetophractus villosus and 126 per minute in male Dasypus novem- 
cinctus or 84 per minute in female D. novemcinctus. The respiratory 
rate in relaxed C. villosus and D. novemcinctus is 30 to 40 per minute; 
in the former species, it may rise up to 160 per minute in stress 
conditions, whereas rates of up to 180 per minute have been mea- 
sured in the latter at high ambient temperatures.””“ 

Some diagnostic techniques used for small- and medium-sized 
mammals may be adapted to sloths. Blood samples may be obtained 
from the brachial vein (Figure 39-2). The maximum blood volume 
drawn should not exceed 0.5% of body weight. Urine may be 
obtained by cystocentesis, using ultrasonography to guide the 
needle. Body temperature of sloths varies between 32.7°C and 
35.5°C and is slightly higher in two-toed sloths than in three-toed 
sloths.”” Normal respiratory rates are 10 to 18 per minute in Cholo- 
epus and 5 to 21 per minute in Bradypus. Resting heart rates are 70 
to 130 per minute in Choloepus and 60 to 110 per minute in 
Bradypus `° 

In anteaters, blood may be collected from the central coccygeal 
vein (in Cyclopes and Tamandua) or the cephalic and medial or lateral 
saphenous veins (in Myrmecophaga). Normal body temperature 
(Tb), respiratory (RR), and resting heart rates (HR) for anteaters are 
as follows: Myrmecophaga tridactyla: Tb 30°C to 35°C, RR 18 to 26 
per minute, HR 60 per minute; Tamandua tetradactyla: Tb 30 to 
35°C, RR 20 to 25 per minute, HR 80 per minute (Rojas Moreno, 
personal communication); Cyclopes didactylus: Tb 31 to 34.2°C, RR 
70 to 90 per minute, HR 60 per minute. * 

Hematology and serum biochemistry values for selected Xenar- 
thra species are given in Tables 39-4 and 39-5, respectively. 


FIGURE 39-2 Blood collection from the brachial vein in a pale- 
throated three-toed sloth (Bradypus tridactylus). (Photograph by M.S. 
Pool, Green Heritage Fund Suriname.) 


DISEASES 


Common diseases of armadillos, sloths, and anteaters are summa- 
rized in Tables 39-6, 39-7, and 39-8. 

The majority of health problems of captive armadillos are related 
o poor husbandry and inadequate or imbalanced nutrition. Injuries, 
especially to the tail and feet, are, by far, the most common health 
problems of captive armadillos. They accounted for 107 out of 438 
pathologies recorded in 44 zoologic institutions.” Armadillos’ low 
metabolic rates and body temperatures may predispose them to 
infections by uncommon or even saprophytic organisms. Prolonged 
antibiotic treatment may reduce the intestinal microflora that syn- 
hesize menaquinones, leading to hypovitaminosis K and spontane- 
ous bleeding. It should therefore be accompanied by vitamin K 
supplementation. Diseases of the digestive tract (especially enteritis) 
and nutritional deficiencies are frequent.”””” Obesity is a common 
problem in captive armadillos. The high prevalence of subclinical 
nephritis in wild D. novemcinctus should be taken into account 
during quarantine and in the formulation of diets. Wild-caught 
animals may be more susceptible to nephrotoxic drugs and to renal 
diseases caused by excessive protein in the diet.”””" Infectious agents 
that have been identified in wild armadillos include Mycobacterium 
leprae (only Dasypus is susceptible to this pathogen), Nocardia brasil- 
iensis, Paracoccidioides brasiliensis, Leptospira interrogans, Histoplasma 
capsulatum, Sporothrix schenckii, and Salmonella sp.” 

North American specimens of D. novemcinctus seem to carry few 
parasites, but new imports of other species may be heavily infested 
with endoparasites or ectoparasites, many of which are specific for 
xenarthrans or armadillos. GI parasites include cestodes (Mathevo- 
taenia), nematodes (Bairdascaris, Aspidodera, Mazzia, Ancylostoma, 
Cyclobulura), Acanthocephala, and protozoans (Eimeria). Dirofilaria 
immitis has been identified as the cause of death of a captive three- 
banded armadillo (Tolypeutes matacus), and several wild armadillos 
were antigen positive for this parasite. Systemic protozoan parasites 
include Sarcocystis, Leishmania naiffi, Trypanosoma cruzi, Toxoplasma 
gondii, and Entamoeba histolytica. The most common ectoparasites 
include fleas (Tunga, Malacopsylla, Phthiropsylla), ticks (Amblyomma), 
and mites (Dasyponyssus, Ornithonyssus, Sarcoptes).””” Antibodies 
against Eastern equine encephalitis virus and Saint Louis encephalitis 
virus have been found in wild T. matacus and D. novemcinctus, but 
their clinical relevance is unknown. `: 

Traumatic injuries are common in captive sloths. Branches and 
posts in their exhibits should be properly affixed. Fractures are 

Text continued on p. 365 
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TABLE 39-6 
Disease Etiology Clinical Signs Diagnosis Management Comments 
Infections, Intraspecific (Suppurative) Regular, careful Debridement, antibiotics, — Infections or abscesses 
abscesses aggression, lesions, examination of vitamin K, may extend below 
below carapace inappropriate asymmetric or carapace, intramuscularly (IM), carapace and lead to 
and bands husbandry warmer areas of especially of once daily (SID) septicemia and 
conditions (rough carapace skinfolds death; treatment 
walls etc.) between bands must be 
accompanied by 
improved husbandry 
conditions 
Perionychitis Animals kept on Prominent Inspection, Debridement, footbath Treatment must be 
hard flooring lameness radiography to with 3% tetracycline or accompanied by 
exclude 2% nitrofurazone; improved husbandry 
osteomyelitis topical application of conditions (soft 
antibiotics; amputation substrate) 
in case of 
osteomyelitis 
Hypovitaminosis K Oral antibiotic Spontaneous Clinical signs Vitamin K (e.g., 0.5 Animals often die 
therapy, bleeding, milliliters [mL] unexpectedly; 
nutritional prolonged clotting konakione, IM, SID, or necropsy reveals 
deficiency time 9-10 milligrams (mg) multiple 
menadione with food hemorrhages (e.g., 
hemoperitoneum) 
İmpaction, İngestion of Anorexia, abdominal Radiography Vegetable oil in food or Avoid sawdust and 
intestinal bedding material distension, 20-50 mL mineral oil shredded paper as 
obstruction reduced amount through stomach tube bedding materials 


or absence of 
feces 


Gastrotomy in severe 


cases 


Inadaptation to Wild-caught Anorexia, cachexia Anorexia, flattening Diet change, offer variety VVild-caught animals 
captive diet individuals often of convex of food items to allow often refuse to eat in 
fail to accept carapace, animal to choose the presence of 
artificial diet isolation from Infusions intravenously humans; leaving the 
conspecifics, (IV), intraperitoneally animal alone during 
decrease in (IP), subcutaneously feeding time may 
activity levels (SC) help 
In extreme cases, 
force-feeding with 
gastric tube (e.g., 
2 mm diameter for 
Tolypeutes matacus) 
Excessive tooth İnadequate Anorexia, cachexia Oral cavity Grinding or extraction of 
grovvth consistency of examination teeth, diet change to 
diet (too soft, too İncorporate hard items 
finely chopped) that require animals to 
chevv 
Pneumonia Stress, suboptimal Dyspnea, apathy, Clinical signs Antibiotics (tetracycline, Often remains 


ambient tremor, amoxicillin, undiagnosed and 
temperature, somnolence, enrofloxacin, leads to death 
elevated dust inappetence, trimethoprim sulfa), 


levels, bacterial 
infection 


incoordination 


parenteral vitamin 
supplementation 


From references 33 and 54. 
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TABLE 39-7 
Disease Etiology Clinical Signs Diagnosis Management Comments 
Respiratory Bacterial Weight loss, Clinical signs, Trimethoprim- High mortality 
infections™ dehydration (sunken radiography, Sulfamethoxazole 20 (>95%) in 
eyes), wet skin, hematology, tracheal milligram per three-toed 
nasal discharge, wash for culture and kilogram (mg/kg), sloths 
dyspnea antibiography intramuscularly (IM), 
once daily (SID), 
bromhexin, improve 
environmental 
conditions 
Urolithiasis”” Nutritional Dysuria Radiography, Surgical removal m 
supplements— ultrasonography 
excessive 
minerals 


Tympanism?5 


Stress, highly 
fermentable 
vegetables 


Svvollen abdomen, 
abdominal turgor, 
dyspnea, tympany 
on percussion 


Clinical signs, 
radiography, 
ultrasonography 


Abdominocentesis, 
dimethyl-polysiloxane 
orally (PO), correction 
of diet 


Death caused by 
compression of 
thoracic cavity 


Constipation?? Stress, dry diets Absence of defecation (Clinical signs, Mild laxatives (mineral Normal 
for periods >10 radiography, oil, psyllium) gastrointestinal 
days, swollen ultrasonography function 
abdomen recovered after 
3 weeks or 
more 
Rectal prolapse?? Complication Prolapse Clinical signs, Surgery — 
follovving diarrhea ultrasonography 
or urolithiasis 
Gastrointestinal Elmeria choloepi, Subclinical; uncommon Fecal examination = Frequent in 
parasites "5348 Spirurides, signs: diarrhea, free-ranging 
Cestodes weight loss, animals, 
hyporexia subclinical 
Toxoplasmosis”?? Toxoplasma gondii — Acute and lethal: Histopathology, — Uncertain 


sudden death 


polymerase chain 
reaction (PCR), 
immunohistochemistry, 
serology 


transmission 
(contact with 
feline feces?) 


Ticks”? Amblyomma geayi, Subclinical, uncommon Parasite identification — — 
A. varium, signs: pruritus, skin 
Boophylus irritation 
Traumaš° Incorrectly affixed Fractures, muscular Radiography, computed Fractures: surgical Low success of 


branches and 
posts in 
enclosure 


paralysis, head 
trauma, rupture of 
internal organs 


tomography, 
ultrasonography 


orthopedic fixation 


surgical fixation 
of fractures 


Claw injuries 


Attacks from 
humans or 
domestic animals 


Wounds, fracture of 
claws 


Clinical signs, radiography 


Wound management; 
onychectomy™ 


TABLE 39-8 


Disease 


Bacterial 
pneumonia 


Etiology 


Inappropriate environmental 
temperature and humidity 
in enclosures; associated 
with Pneumococcus, 
Staphylococcus, 


Streptococcus 


Clinical Signs 


cases 


Nasal discharge, excessive 
ocular secretion, dyspnea, 
anorexia, and depression; 
weight loss in chronic 


Management 


Antibiotic therapy, correct 
temperature and humidity 


Comments 


All species 


TABLE 39-8 


Disease 


Etiology 


Clinical Signs 
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Comments 


Bacterial enteritis 


Food or water contaminated 
with bacterial agents: 
Salmonella, Shigella, 
Campylobacter, 
Escherichia coli, 
Enterobacter 


Diarrhea—white or yellow 
feces with mucus and 
blood; may be 
accompanied by colic and 
gas 


Fluid therapy, antibiotic 
therapy—sulfamethoxazole 
or chloramphenicol 


All species in poor 
captive conditions 


Bacterial dermatitis 


Skin lesions caused by 
intraspecific aggression or 
inadequate enclosures; 
frequently associated 
with Staphylococcus, 
Streptococcus 


Alopecia; pustules, 
abscesses or purulent 
skin lesions 


Wound cleansing with 
chlorhexidine or povidone 
iodine, topical antibiotics, 
systemic antibiotics (e.g., 
cephalosporins) 


All species in poor 
captive conditions 


Trauma 


Intraspecific aggression, 
inadequate enclosures or 
hard substrates 


Full or partial thickness 
lacerations to toes or 
rostrum 


Cleansing and wound 
management 


Common in adults, 
more frequent in 
males 


Hypovitaminosis K 


Low levels of vitamin K in 
diet; malabsorption 


Spontaneous hemorrhage— 
commissure of the 
mouth, eyelids, and 
extremities; hematuria 


Supplemental vitamin K. and 
probiotics in diet, vitamin 
K, intramuscularly (IM) 


Commonly observed in 
all species of captive 
anteaters 


Hypervitaminosis 
A and D 


Excess of vitamins in diet 


Mineralization of soft 
tissues, difficult 
locomotion and abnormal 
posture—vertebral 
hyperostosis 


No treatment described 


Captive lesser anteaters, 
associated with 
over-supplementation 
or inappropriate diet 


Taurine deficiency 


Inadequate or low levels of 
taurine in diet 


Exercise intolerance, 
dyspnea, ascites, 
cardiomegaly, cardiac 
insufficiency, congestive 
heart failure 


Supplemental taurine in diet 


Reported in M. tridactyla 
and T. tetradactyla 


Tongue injuries 
and constriction 


Meat fibers become 
entangled around tongue 


Anorexia, pain, edema, 
excessive salivation 


Correction of diet, removal 
of tendons and other 
fibers 


Clinical reports and 
necropsy findings 


Chronic diarrhea 


Associated with inadequate 
or very liquid diets 


Liquid feces with gas or 
containing undigested 
food 


Correction of diet 


Mainly observed during 
adaptation to captivity 


Gastric or intestinal 
bloating 


Intestinal atony caused by 
low environmental 
temperatures 


Abdominal distention 


Flunixin-meglumine, 
simethicone, temperature 
control 


May occur in all anteater 
species, mainly in 
offspring or juveniles 


Epiphora 


Stress of captivity or ocular 
diseases 


Excessive tearing, whitish 
or yellowish discharge 


Stress management— 
eyewash 


Mainly observed during 
adaptation to captivity 


Rectal or vaginal 
prolapse 


High stress or aggressive 
interaction 


Exposed vaginal or rectal 
tissue, edema and 
congestion 


Surgical correction 


Few reports, mainly 
from T. tetradactyla 


From reference 35. 


difficult to repair through conventional orthopedic techniques.” 
Some surgical conditions include correction of rectal prolapse and 
amputation of injured claws (onychectomy).’’ Nutritional diseases 
are important in sloths because of their specialized diet."””” Bradypus 
sloths are highly susceptible to stress and prone to suffer dehydration 
and malnutrition, which, in turn, causes immune suppression. They 
are prone to respiratory infections, leading to pulmonary edema and 
death in more than 95% of the cases.” Pneumonia caused by Bor- 
detella bronchiseptica has been treated successfully with 30 mg/kg 
trimethoprim-sulfamethoxazole, intramuscularly (IM), once daily 
(SID) for 7 to 10 days.” A comfortable, quiet environment with 
adequate temperature (24°C-32°C) and humidity (>70%) and a 
proper diet are key to prevent respiratory diseases. Commensal 
arthropods are commonly found on the skin of wild sloths. They are 
of no clinical significance but may become pathogenic under captive 


conditions. Endoparasites are rare, and treatment is not recom- 
mended unless the patient is showing evident clinical signs such as 
diarrhea, weight loss, or hyporexia. Bacteria such as Salmonella enter- 
itidis, Escherichia coli, and Citrobacter freundii have been isolated from 
fecal material and many organs.'° Toxoplasmosis in sloths may be 
acute and lethal.” 

Trauma, spontaneous abortion, and dilatory cardiomyopathy 
caused by taurine deficiency are seen frequently in captive anteaters 
(Figure 39-3). Chronic diarrhea and soft or pasty stools are common 
in some giant and lesser anteaters with inappropriate diets or 
insufficient chitin or fiber. The most common intestinal parasites 
of anteaters are protozoa, especially Coccidia, Giardia, and Amoeba. 
The latter may cause severe diarrhea. Metronidazole (10-20 mg/kg) 
and azythromicin (10-12 mg/kg) are indicated for their treat- 
ment, whereas sulfadimethoxine (55 mg/kg first dose, followed by 
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27.5 mg/kg) is indicated to treat coccidiosis. Infestation with meta- 
zoans, especially acanthocephalans, cestodes, trematodes, and nema- 
todes may occur. 


THERAPY 


Commonly used antibiotics and miscellaneous drugs are summa- 
rized in Tables 39-9 and 39-10. 

In armadillos, intramuscular injections may be done in the hind 
limbs. In rolled up Tolypeutes, the only access to muscle tissue is at 
the base of the tail.” 

The low metabolic rate and the complex GI system of sloths may 
lead to prolonged elimination time of drugs. Doses should be 25% 
lower than those for domestic dogs, and the interval of administra- 
tion should be increased (double than recommended for 
domestics). ° 

In anteaters, surgery is mostly performed to treat trauma. The 
most common surgery is onychectomy for trauma caused by 
improper restraint, inadequate floors, poor substrates, or intraspe- 
cific aggression. Trauma may also result in tail-tip fractures or rectal 
or vaginal prolapse. 

High parasite loads leading to weight loss require treatment with 
fenbendazole (25-50 mg/kg), ivermectin (0.2 mg/kg, subcutane- 
ously [SC], one dose), pyrantel pamoate (10-20 mg/kg) or praziqu- 
antel (5 mg/kg).” 


REPRODUCTION 


Reproductive parameters for selected armadillo species are given in 
Table 39-1. Successful captive breeding of armadillos is uncommon 
and limited to a fevv species. Preovulatory genital hemorrhages occur 
in some species such as Chaetophractus villosus and Tolypeutes matacus 
but not in others such as Dasypus novemcinctus. At least one species, 
Zaedyus pichiy, is suspected to have induced ovulation.’' Gestation 
often remains unnoticed. Radiography, regular vveight checks, ultra- 
sonography, and observation of behavioral changes are unreliable 
methods for pregnaney diagnosis. Fecal hormone analysis is a viable 
alternative, but fecal progestogen levels remain basal during the first 
half of pregnancy at least in some species." Wild armadillos give 
birth inside their burrows, and the offspring do not leave the den 
until vveaned. Captive females should be given the opportunity to 
dig their burrow or offered a nest box. Females are highly susceptible 
to external disturbances; stress may suppress ovulation, lead to abor- 
tions or induce females to neglect, injure or kill their newborn. 


TA B LE 39-9 
Antibiotic Agents Used in Xenarthra 


FIGURE 39-3 A, Lateral right recumbent radiograph of a clinically 
healthy giant anteater (Wyrmecophaga tridactyla) with mild cardio- 
megaly secondary to dilatory cardiomyopathy associated with taurine 
deficiency. B, Lateral right recumbent radiograph of a giant anteater 
(Myrmecophaga tridactyla) with severe cardiomegaly secondary to 
dilatory cardiomyopathy associated with taurine deficiency. The 
cardiac ejection fraction of the first animal (A) was above 50% while 
the second animal's (B) was of 30%. Animal B was in severe failure 
and died 2 days after this image was taken. (Photograph by R. Aguilar.) 


Generic Name Taxon Dose (mg/kg) Route of Administration Frequency, Duration Comments 
Amoxicillin Sloths 10-11 IM, PO SID, 5 days 
Anteaters 10 IM, PO SID-TID, 5 days Respiratory infections—first 
choice 
Ampicillin Armadillos 10-20 IM TID, 5-10 days 
Sloths 10-20 IM, IV BID, 5-8 days IV; effective in septicemia 
Anteaters 10-20 IM BID, 7-10 days Dermatitis and pneumonia 
Ceftiofur sodium Anteaters 2.2-4.4 IM SID-BID, 5 days Dermatitis and pneumonia 
Chloramphenicol Armadillos 25-75 IM BID, 10 days Bacterial enteritis 
50-100 Pneumonia 
Anteaters 20-100 IM BID, 7 days Dermatitis and pneumonia 
Doxycycline Anteaters 5 PO BID, 5-10 days Broad spectrum 
Enrofloxacin Armadillos 1.25 IM, PO BID, 5 days Hypersensitivity reaction 
reported in Z. pichiy 
2.5-5 IM SID, 5 days Generalized or systemic 


infections 
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TABLE 39-9 
Generic Name Taxon Dose (mg/kg) Route of Administration Frequency, Duration Comments 
10 IM SID, 12 days Salmonella sp. infections 
Sloths 2.5-3.5 IM SID Respiratory and urogenital 


problems 


Anteaters 2.5 IM, PO SID, 5 days Broad spectrum 
Penicillin G Armadillos 40,000 IU IM SID, 5-10 days 
benzatinic and Anteaters 50,000 IU followed IM, SC SID, 5-10 days Can be used as preventive 
penicillin G by 10,000 IU treatment during bacterial 
procaine culture and while awaiting 
sensitivity results 
Trimethoprim- Armadillos 15 IM SID, 5 days 
sulfamethoxazole Sloths 15-40 IM SID, 7-10 days Pneumonia 
Anteaters 15 PO BID, 3-5 days Gastrointestinal infections—first 
choice 
15 IM SID, 3-5 days Bone marrow hypoplasia 


reported in juvenile T. 
tetradactyla 


BID, Twice daily; IM, intramuscularly; /U, international unit; IV, intravenously; mg/kg, milligram per kilogram; PO, orally; SC, subcutaneously; SID, once 
daily; TID, three times daily. 
From references: 15, 17, 23, 26, 34, and 54; Rojas Moreno, personal communication; Brieva, personal communication. 


TABLE 39-10 


Generic Name Taxon Dose (mg/kg) Route of Administration Frequency, Duration Comments 
Albuterol sulfate Sloths 0.042% inhalation Nebulization by 3 mL over 30 minutes Decongestant or expectorant 
solution facemask 
Bromhexine Sloths 0.6 PO SID, 5-7 days Decongestant or expectorant 
Dexamethasone Armadillos 0.4 IM Once Shock therapy 
Sloths 0.3-0.6 IM SID, 4 days Respiratory problems 
Anteaters 2 IM Once Shock therapy 
Doxapram Sloths 2-4 IM Once Apnea, complications to gas 
anesthesia 
Anteaters 1-4 IM SID, 5-10 days Apnea; anesthetic complications 
Flunixin Armadillos 2.5 SC SID, 3 days Analgesia 
meglumine Sloths 1 SC SID, 3 days Analgesia, gastrointestinal tract 
disorders (colic) 
Anteaters 1 SC SID, 3-5 days Analgesia, gastrointestinal tract 
disorders (colic) 
Ivermectin Sloths 0.14 SC Once or twice a week Sarcoptic mange 
during 3-4 weeks 
Ketoprofen Anteaters 1-2 IM SID, 3-5 days Anti-inflammatory therapy 
Meloxicam Sloths 0.05-0.1 IM Q48h, 3-4 doses Analgesia, anti-inflammatory 
therapy 
Simethicone Sloths 50-100 total dose PO with food BID to TID Bloat and overfermentation 
suspension or 
tablets 
Tramadol Armadillos 0.5 IM SID-BID Analgesia 
May cause anorexia, 
gastrointestinal tract problems 
Vitamin K Anteaters 5-10 mg IM SID, repeat for 1 week Hypovitaminosis K, coagulation 


disorders 


Her a SS I Sa a a a SS — ss ,TTsss<Éwmss<srrrrnr  rrcrrnrrrr i] 
BID, Twice daily; /M, intramuscularly; /V, intravenously; mg/kg, milligram per kilogram; mL, milliliter; PO, orally; Q48h, four times in 48 hours; SC, sub- 
cutaneously; S/D, once daily; T/D, three times daily. 


From references: 


communication. 


17, 23, 26, 34; Superina, 


unpublished; Aguilar, 


unpublished; Rojas Moreno, personal communication; 


Brieva, personal 
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Offspring mortality may be up to 100% in the presence of males. 
Therefore, the latter must be separated from the dam prior to birth.” 

In sloths and anteaters, captive breeding is complicated because 
of incorrect sexing and the absence of visible behavioral or morpho- 
logic signs of estrus. Testes are intraabdominal. Male sloths have a 
small penis with a small, round opening. The external genitalia of 
female sloths are smaller than the penis, bear a slit along their length, 
and are closer to the rectal opening. No changes occur in genital 
appearance or secretions at the onset of estrus.** Reproductive 
parameters for sloths are given in Table 39-2. Captive breeding has 
been successful in Choloepus but not in Bradypus. Infant mortality is 
extremely high during lactation because of dam rejection or falls.” 
Pregnancy detection, although difficult, has been possible through 
ultrasonography and radiography. Fecal hormone analyses may be 
an alternative but require validation. 

External genitalia in giant and lesser anteaters are similar to 
those of sloths. Preovulatory genital bleeding has been reported in 
Tamandua and Myrmecophaga, but it is not always recognized. 
Vaginal cytology may be used for estrous cycle determination in 
trained giant anteaters.” Pregnancy may be detected through fecal 
hormone analyses or transabdominal ultrasonography. In Myr- 
mecophaga, mounting may occur even a few days prior to parturition. 
The first postpartum estrus occurs during the second half of the 
lactation period. Spontaneous abortions of unknown etiology or 
related to hormonal imbalance are common. Stillbirths, incorrect 
maternal behavior, and male aggression reduce juvenile survival 
rates to 5096.”””” Reproductive parameters for anteaters are given in 
Table 39-2. 
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CHAPTER 


e 


INTRODUCTION AND IDENTIFICATION 


This small order has one extant family (Manidae) and eight species 
(Table 40-1). The Chinese pangolin (Manis pentadactyla), the Sunda 
or Malayan pangolin (M. javanica), the Philippine pangolin (M. culio- 
ensis), and the Indian or thick-tailed pangolin (M. crassicaudata) 
are prevalent in Asia, whereas Africa is inhabited by the Cape or 


Temmincks ground pangolin (M. temminckii), the giant ground pan- 
golin or giant pangolin (M. gigantea), the tree pangolin or African 
white-bellied pangolin (M. tricuspis), and the long-tailed or black- 
bellied pangolin (M. tetradactyla)” The Asian species are distin- 
guished from the African species by the presence of hair between the 
scales. 
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BIOLOGIC DATA 
Anatomy 


Pangolins attain a weight of 2 to 35 kilograms (kg) (Table 40-1). 
Head-and-body length is 300 to 880 millimeters (mm) and tail 
length 350 to 880 mm."° Males are somewhat larger than females. 
The dorsal surface of the elongate, tapering body is covered with 
scales composed of cornified epidermis, and the scales overlap in 
adults but not in the newborns (Figure 40-1). When in danger, 
pangolins are able to roll into a tight, almost impregnable ball, with 
only the hard, scaly parts of the body exposed. The scales are 
attached at the base to the thick skin from which they grow. Scales 
grow constantly from the base to compensate for wear. Scale pattern, 
size, shape and number are species characteristic and remain con- 
stant through life. The skin is sparsely haired between scales and on 
the abdomen. 
The pangolin’s tubular head has a small, toothless mouth, which 
contains an astoundingly long, sticky tongue. The tongue is 16 to 
40 centimeters (cm) in length. In a resting state, the tongue is drawn 
into its sheath in the chest cavity and connecting with the inner part 
of xiphisternum. A pair of salivary glands extends from the ventral 
side of the neck almost to the shoulder. Teeth are lacking, and the 
lower jawbones are represented by flimsy shafts of bones (Figure 
40-2). The small eyes are surrounded by thick lids that provide 
protection against the bites of ants and termites. 

All pangolins have short powerful legs with strong, curved claws. 
The hindlimbs are long and stouter compared with the forelimbs, 
and all the limbs have five digits. The central three claws of the 


forelimbs are much enlarged and are used for digging and breaking 
open ant and termite nests; they are not used as weapons. 

The large stomach is similar in function to the avian gizzard; it 
is muscular and provided with horny, laminated epithelium. The 
stomach of the pangolin contains a number of unique anatomic and 


FIGURE 40-1 The scale of 3-day-old cub is still soft and pink. 
(From Chin SC, Lien CY, Chan YT, et al: Monitoring the gestation 
period of rescued formosan pangolin [Manis pentadactyla pentadac- 
tylal with progesterone radioimmunoassay. Zoo Biol 31 : 479-489, 
201 2a.) 


FIGURE 40-2 The pangolin’s tubular head is a small, toothless mouth (/eft), out of which it projects 
an astoundingly long, sticky tongue. The tongue is 16 to 40 cm in length. A pair of salivary glands (S) 
is present at the ventral side of the neck. In the resting state, the tongue is drawn into its sheath in 
the chest cavity, and the base connects with the medial side (white arrow) of the xiphisternum (X). 


TABLE 40-1 
Basic Data for Eight Species of Pangolin 


Distribution Species Body Weight Head and Body Length Tail Length Common Name 
African Manis tetradactyla 2-3 kilograms (kg) 30-40 centimeters (cm) 60-70 cm Long-tailed pangolin, black-bellied 
pangolin 
Manis temminckii 2-4 kg 40-70 cm 40-70 cm Cape pangolin 
Manis gigantea Up to 33 kg Up to 180 cm ? Giant pangolin 
Manis tricuspis 1-2 kg 46 cm ? Tree pangolin 
Asian Manis pentadactyla Male: up to 9 kg 42-92 cm 28-35 cm Chinese pangolin 
Female: up to 6-7 kg 
Manis javanica Up to 10 kg Up to 65 cm Upto56cm Malayan pangolin 
Manis crassicaudata 5-35 kg 45-75 cm 33-45 cm Indian pangolin, thick-tailed pangolin 
Manis culioensis Up to 2.7 kg 32-54 cm 29-50cm Palawan pangolin 


histologic characteristics. Previous studies of the stomach of M. pen- 
tadactyla have reported the structure of the gastric gland and “pyloric 
eeth.”’ 
The stomach of pangolins is C-shaped, with short lesser curva- 
ure. At the esophageal junction, the inner smooth muscle is thick- 
ened on the greater curvature side. Instead of a mucus-secreting 
cellular layer, the entire luminal surface of the pangolin stomach is 
ined with a thick cornified, stratified squamous epithelium, except 
at the orifices of glands and in the pyloric gland region. The wall of 
he fundus is thin and devoid of glands. The gastric glands consist 
of mucus, oxyntic, and pyloric glands. The mucous glands are 
observed in the lesser curvature, in the greater curvature, and in the 
pyloric canal, respectively. No sphincter exists at the pyloric— 
duodenal junction. In the lumen of the pyloric canal region, numer- 
ous spines and small pebbles may be observed. The muscle layers 
in the wall of this region are considerably thickened.'° 
ormal droppings are black or brown in color, dry, and sausage 
shaped. The white-bellied tree pangolin defecates anywhere; and the 
Cape and Chinese pangolins bury their dung in scrapes in the 
ground. The pangolin anus is surrounded by a cluster of large, bean- 
shaped glands that secrete a noxious fluid used for defense 
purposes. 


BEHAVIOR 


Pangolins are largely nocturnal. Although a given species is primarily 
arboreal or terrestrial, none is restricted to a single plan of locomo- 
tion. Pangolins are powerful burrowers and swim adequately. They 
spend the day in forks or hollows in trees. Arboreal species have 
prehensile tails to better hold their body positions in trees. Terrestrial 
species dig a burrow with a terminal den, in which they pass the 
daylight hours and give birth. The occupant may plug the burrow 
entrance with dirt. 

When walking on all fours, the long front digging claws are 
curled under, and the animal walks on its knuckles. Pangolins occa- 
sionally walk on their hindlimbs, using the tail as a brace. Normally 
slow and deliberate, an alarmed pangolin will either make for its 
burrow or curl into an armor-plated ball, twitching its sharp-edged 
scales to ward off predators. Such a ball is almost impossible for a 
human to unroll. A predator successful in uncoiling a pangolin may 
be greeted by a pungent spray of urine or rancid fluid from the 
glands surrounding the anus. 

With their strict nocturnal activity pattern, pangolins never leave 
the nest box before 4 P.M. in zoologic exhibitions. Over a 10- to 
11-hour period, the animals emerge and return to the nest box 
intermittently, and their active period ends by 02:00 A.M. The length 
of time when a pangolin remains outside the nest box varies from 
30 seconds to 1.5 hours. individual differences exist in the total 
amount of time spent out of the nest box on any given night. The 
percentage of the 24-hour day spent outside the nest box averages 
5.6% with a range of 2.9% to 7.6%. While in the nest box, pangolins 
are either coiled as individuals or curled up around each other to 
sleep. This may provide an important thermoregulatory function to 
reduce the area of exposed surface per unit body mass and thereby 
conserve heat. No aggressive behavior has ever been observed in 
pangolins.° 


HUSBANDRY 


The oldest specimen recorded in captivity is a confiscated male 
Chinese pangolin, which lived up to 20 years in the Ueno Zoo. Over 
70% rescued sick pangolins did not survive their first year in captiv- 
ity, but the average has been increasing from less than 90 days to 
more than 1 year. ” From 2005 to date, 10 pangolins have survived 
over 5 years and still live well in the Taipei Zoo. One of the Chinese 
pangolins born in captivity at the Taipei Zoo in 1998 has survived 
for over 14 years now. 
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Housing 


According to the long-term case studies on maintaining Chinese 
pangolins, indoor pens measured 120 x 120 x 80 square centimeters 
(cm? and filled to a depth of 10 cm, with a mixture of sterilized dirt 
and wood shavings as substrate, have been recommended for each 
pangolin in captivity. A wooden nest box (40 x 60 x 50 cm”) divided 
into two compartments, with similar mixture of dirt and wood shav- 
ings substrate for bedding, is placed in each indoor pen.’ Room 
temperature is controlled so as to not exceed 28°C (82°F) in the 
summer and to range between 24°C and 26°C (75 ° F—79° F) in the 
winter. Humidity is maintained at 80% to 100% and photoperiod at 
10 hours per day with artificial light year round.* The enclosure with 
regulated temperature (26°C) and photoperiod (10-12 hours light) 
is important in spatial and thermal environment. When defecating 
and urinating, pangolins prefer to stand in corners on their hindlimbs, 
with their forelimbs against the wall. The nest box is used solely for 
sleeping and therefore must be a relatively clean, easily maintainable 
enclosure.° 


FEEDING AND NUTRITION 


In the wild, pangolins live on a diet of ants, termites, and various 
other invertebrates, including bee larvae, flies, worms, earthworms, 
and crickets, which may be quite difficult for zoos to provide in 
sufficient quantities. Pangolins in South Africa were reported to feed 
on 15 species of ants and 5 termite species, with no apparent prefer- 
ences. All species of pangolins are thought to feed almost entirely on 
ants and termites. Different species of pangolins have different pref- 
erences for various prey species of ants and termites, which are 
located by scent. A giant pangolin was reported to have 2 liters (L) 
of 11 species of ants in its stomach. Other pangolins are said to be 
less catholic. A white-bellied tree pangolin may eat 150 to 200 grams 
(g) of termites nightly.'* Quantities of sand and pebbles are ingested 
along with the insects. This material probably serves a function in 
the gizzardlike stomach, assisting in the crushing of the tough ant 
and termite exoskeletons. 
A Chinese pangolin was kept at Ueno Zoo, Tokyo, for over 20 
years, on a mixture composed of 150 g of ground horse meat, 180 
milliliters (mL) of milk, 1 raw egg yolk, 5 g of precooked cereals, 
5 g of Esbilac, 1 g of calcium, and 0.2 mL of multivitamins.'' One 
Malayan pangolin had been kept at the San Diego Zoo on a blended 
mixture of 2 tablespoons of ground meat, 1 tablespoon of precooked 
cereal, 1 ounce (oz) of evaporated cow’s milk, 2 oz of water, 4 of a 
raw egg yolk, % if a teaspoon of brewer's yeast, and 4 meal worms. 
Four tablespoons were fed twice daily, with the addition of 2 drops 
of liquid multivitamins in the morning feed.” 
Increasing the volume of high-protein insects as well as multivi- 
tamin and mineral supplements may improve the pangolin’s appetite 
as well as diet palatability, and the animals may become adapted to 
captive feeding more rapidly (Table 40-2). Since the development of 
a new diet in 1995, the Taipei Zoo has collected and maintained 
many pangolins that have lived longer and experienced fewer diges- 
ive problems. ° The addition of a small amount of soil was identified 
to stabilize fecal flora and helped in the formation of solid feces. Diet 
passage time could be prolonged from 24 to 48 hours to over 142 
hours. Food digestibility was increased from 68% to 82%. The 
prevalence of hemorrhagic gastric ulcer and enteritis declined sig- 
nificantly.’ These diets may be fed by placing the mixture in a heavy, 
lat bowl. The animals lick the food off the bowl. This feeding tech- 
nique prevents the animal from consuming bedding material or 
urning the bowl over. Drinking water should be constantly avail- 
able. Some pangolins appear to enjoy a mud wallow or a spray from 
a hose. 


RESTRAINT 


Most pangolins may be handled by grasping the tail or by supporting 
the curled up animal with outspread hands. The use of leather gloves 
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TABLE 40-2 


Feed Unit Amount 
Bee larvae Gram (g) 100 
Apple g 65 
Mealworms g 22.5 
Mazuri Insectivore Diet” g LD 
Egg yolk g 10 
Mix powdert g 5-10 
Vitamin and mineral supplement g də 
Chitin g 10 
VVater Milliliter (mL) 60 
Vitamin K g 1/15 
Soil g 5 
“Mazuri 5MKS Catalog #0050819, from PMI Nutrition International, LLC 
(Land O'Lakes Purina Feed, LLC), USA. 

TMix powder = coconut powder 300 g + yeast powder 600 g + calcium 


carbonate 100 g. 
TVitamin and Mineral Supplement for Pig, China Chemical & Pharmaceuti- 
cal Co., LD, Taiwan. 


may be advisable. If a pangolin is intent on rolling into a ball, it may 
be difficult to uncoil the animal adequately for examination. The 
technique for proper physical restraint is to grasp the tail and lift 
the pangolin in midair. Then it is shaken gently to encourage it to 
stretch its body. This technique may be used for blood sampling 
and for administering drugs by injection. After capture, administra- 
tion of ketamine (10-20 milligram per kilogram [mg/kg]), zoletil 
(3-5 mg/kg), intramuscularly (IM), allows for short examinations; 
5% isoflurane has been used for inducing anesthesia in an induction 
box and can be followed by administration of 1% to 2% isoflurane 
via a face mask to maintain for surgical or medical procedures (e.g., 
amputation of leg or tail, endoscopic and ultrasonographic examina- 
tions). Meanwhile, atropine (0.04 mg/kg), subcutaneously (SC), is 
recommended for salivation control. Trachea intubation has been 
impossible in pangolins so far. 


PHYSIOLOGIC DATA 


The body temperature of the pangolins is 32.2 to 35.20°C.° Blood 
samples may be collected when the animal is physically restrained 
stably, and a 23-gauge 14-inch needle may be inserted into the tail 
vein (not visible) to a depth of more than 2 cm from the ventral side 
of the tail (Figure 40-3).’ Some hematology (Table 40-3) and serum 
biochemistry (Table 40-4) parameters have been identified in 
Chinese pangolins only (Chin, unpublished). 


DISEASES 


Survival rates are generally low among captive pangolins. Necropsy 
reports of 62 Formosan pangolins, mainly from rescue programs 
based at the Taipei Zoo, were reviewed retrospectively. The male-to- 
female ratio of cases was 2:1. The most commonly observed lesions 
were found in the lungs (72.5%), followed by the alimentary tracts 
(67.7%) and the liver (54.8%). Gross lesions of the heart (40.3%), 
kidneys (30.6%), and genitalia (1.6%) were found less frequently. 
Also, foreign body obstructions were observed in 3.2% of the cases. 
In 51.6% of the cases, lesions were found in both the lungs and the 
alimentary tracts. Significant differences in causes of death between 
males and females are found only with heart lesions.’ 


FIGURE 40-3 A, Anatomy of ventral spine (S) of coccyx of pangolin. 
B, Lateral view radiograph image of a pangolin”s tail. The needle (N) 
has penetrated between the scales (white arrow) and has entered 
the space between the ventral spines (S) of the coccyx, where the 
tail vein existed. C, Lateral view of the needle (N) inserted. D, Ventral 
site of the needle (N) inserted. 


Hemorrhagic gastric ulcers with enteritis has been considered the 
major cause of death in rescued pangolins in captivity. Ranitidine 
Q to 3 mg/kg) or cimetidine (5 to 10 mg/kg), twice daily (BID), 
orally (PO), may control early-stage gastric ulcers for 2 weeks. 
Sucralfate (5 to 10 mg/kg), PO, is administered with hydrogen antag- 
onism on an empty stomach, at least 1 hour prior to meals, for best 
results in severe cases. Antibiotic therapy for secondary infection 
prevention is also recommended. Stress and malnutrition had been 
suspected to be major factors in the past. However, according to a 
report, an improper diet formula, combined with stress, may have 
induced nonspecific changes in the microflora in the digestive tract 
and caused hemorrhagic enteritis in captive pangolins.' Routine 
addition of soil in the daily diet may decrease the prevalence of 
hemorrhagic gastric ulcer and enteritis. 

Infectious respiratory diseases are serious because of its high mor- 
tality and morbidity. Clinical syndromes include a runny nose, 
panting, and dysphagia; in one case, trembling and ataxia were seen 
at the end stage.” Positive results of canine distemper virus (CDV) 
antibody immunohistochemical stain of tissue blocks in pangolins 
are considered primary evidences of CDV infection, but no gene has 
been identified successfully yet. However, positive lesions of CDV 
have been found in the lungs, digestive tracts, and brains of 
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TABLE 40-3 a 


Parameter (unit) n Mean + Standard Deviation Range (H)* Range (L)t 
White blood cells (10%/liter [L]) 50 7.53 + 2.08 13.20 3.30 
Hemoglobin, gram per deciliter (g/dL) 50 14.24 + 2.34 18.60 8.30 
Hematocrit (%) 50 39.09 + 6.63 55.30 23.50 
Red blood cells (10'/L) 50 5.67 + 1.03 8.62 3.50 
Mean corpuscular volume (%) 50 69.3 + 5.06 82.30 58.60 
Mean corpuscular hemoglobin, picogram per cell (pg/cell) 50 25.24 + 1.97 28.90 20.10 
Mean corpuscular hemoglobin concentration, gram per liter (g/L) 50 36.46 + 1.17 38.60 31.30 
Platelets (10'7/L) 50 228.06 + 136.54 563.00 58.00 


*The highest range of data was collected. 
tThe lowest range of data was collected. 
(Chin, unpublished data). 


TABLE 40-4 m rə rere 


Parameter (unit) n Mean + Standard Deviation Range (H)* Range (L)T 
Total protein, gram per deciliter (g/dL) 51 7.46 + 0.84 9.60 5.20 
Albumin (g/dL) 50 3.66 + 0.52 4.50 2.70 
Serum glutamic-oxaloacetic transaminase (SGO-T), 32 23.91 + 11.31 49.00 4.00 
unit per liter (Unit/L) 
Serum glutamic pyruvic transaminase (SGP-T) (Unit/L) 51 156.43 + 99.81 528.00 46.00 
Bilirubin-T, milligram per deciliter (mg/dL) 42 0.42 + 0.42 1.80 0.10 
Blood urea nitrogen (mg/dL) 51 31.95 + 11.68 87.00 16.50 
Creatinine (mg/dL) 51 0.38 + 0.21 1.30 0.10 
Uric acid (mg/dL) 19 0.52 + 0.38 1.80 0.20 
Glucose (mg/dL) 48 85.50 + 38.55 180.00 34.00 
Alkaline phosphatase (Unit/L) 48 209.06 + 142.71 623.00 42.00 
Cholesterol (mg/dL) 50 216.46 + 88.97 426.00 104.00 
Triglycerides (mg/dL) 17 127.53 + 77.42 315.00 21.00 
Amylase (Unit/L) 22 280.00 + 105.14 538.00 148.00 
Calcium (mg/dL) 41 10.64 + 0.98 12.40 8.20 
Phosphorus (mg/dL) 32 5.54 + 1.06 7.30 4.10 
Sodium, millimole per liter (mmol/L) 21 148.86 + 3.24 156.00 144.00 
Potassium (mmol/L) 21 4.94 + 0.62 5.90 4.00 
Chloride (mmol/L) 21 101.90 + 2.81 107.00 95.00 


*The highest range of data was collected. 
tThe lowest range of data was collected. 
(Chin, unpublished data). 


pangolins with clinical syndromes. Lesions were also identified in 
the spleens, testes, and kidneys of different animals.’ Phylogenetic 
studies have identified that the pangolin is more closely related to 
felines than to other animals.'’ CDV infection is a contagious disease 
found in felids and canids. Stray dogs might be a major source of 
CDV, and infection may be caused by the population of stray dogs, 
which has been increasing intensively in exploited housing and 
farming areas near pangolin habitats in Taiwan. 

Parasites may be found generally at the first fecal examination of 
wild pangolins. Parasitic diseases that have been reported include 
the tapeworms Metadavainea aellini, Raillietina rahmi, and R. anoplo- 
cephaloides. Niclosamide (Yomesan, 157 mg/kg, PO) may be effective 
against the most common platyhelminths. Large numbers of ova of 
round worms (Strongyloides sp.) and hookworms have been found 
in pangolin fecal samples. However, the species have not been posi- 
tively identified. In a field surveillance study, Ancylostoma sp., 


Capillaria sp., Strongyloides sp. and Eimeria sp. were detected in a 
fecal sample from a Chinese pangolin. Necropsy findings from this 
animal revealed numerous unattached nematodes in the stomach 
and esophagus, measuring approximately 5 mm in length. Smaller, 
U-shaped, thin nematodes were encysted within the mesenteric 
fat and were also found free in large numbers within the peritoneum. 
All nematodes were identified as belonging to the genus Cyli- 
cospirura, but the species was not determined.’ Thiabendazole (55 
to 110 mg/kg active ingredient) or piperazine (88 to 110 mg/kg 
base). 2 No side effects to treatment with thiabendazole (approxi- 
mately 59 mg/kg) were observed. Ivermectin or doramectin (0.2 mg/ 
kg, SC) is currently recommended. 

Biopsy of nodules from the face, ear pinna, groin, and penis of 
pangolins may reveal parasitic (filarial) dermatitis. Microscopic 
examinations of the tissue samples submitted have demonstrated 
extensive eosinophilic infiltration into the dermis, with a heavy 
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Reproductive Characteristics of Pangolins 
Gestation Sexual Maternal 
Species Period Maturity Offspring Care 
Manis 140 days Second 1 ? 
tetradactyla year 
Manis 139 days ? 1 ? 
temminckii 
Manis gigantea ? ? 1 ? 
Manis tricuspis 150 days. ? 1 ? 
Manis 318-372 days. First year 1 5-6 
pentadactyla months 
Manis javanica 178 days First year 1 3-4 
months 
Manis 65-70 days, ? 1or2 3 months 
crassicaudata 
Manis ? ? ? ? 
culioensis 


perivascular accumulation of eosinophils and lymphocytes. Occa- 
sional filarial nematodes, measuring approximately 5 mm in diam- 
eter, were seen within the inflammatory nodules. The perivascular 
inflammatory response suggested that the microfilaria were blood- 
borne. But species identification was not possible.” 

When newly imported pangolins are received, they should be 
examined carefully for ticks (Amblyomma testudinarium) under the 
scales, as these animals are frequently infested. Some of these ticks 
may have artiodactyls co-hosts. Pangolins have responded to 10% 
lindane; however, lindane dust at 0.5% concentration should give 
satisfactory results.” 


REPRODUCTION 


Pangolins are normally solitary, but occasionally a male and a female 
may live together in the same burrow with their offspring. During 
copulation, the male mounts the female sideways and forces his 
genital area under hers. Most African and Asian pangolins give birth 
to a single young. 

The existence of a specific breeding season of the Formosan 
pangolin (subspecies of the Chinese pangolin) is from September to 
February; births may occur in captivity from August to January. The 
gestation period of the Formosan pangolin is estimated to be from 
318 to 372 days. The Formosan pangolin can reproduce only once 
a year.” 

The gestation period, sexual maturity, and mother’s care vary 
among the species of pangolins (Table 40-5).'” Regardless of species, 
the pangolin newborn usually measures 12 to 30 cm in total length 
and weighs at least 100 to 336 g.'* The newborn of the African tree 
pangolin weighs between 90 and 159 g. The newborns are active 
and well developed, their eyes are open at birth or within a few days, 
and they urinate and defecate unassisted. Their scales, soft at birth, 
gradually harden over the next few days. In arboreal species, the 
young are carried clinging near the base of the females tail. In ter- 
restrial species, the base of the tail is too wide, and the female stays 
in the burrow with the young for a time. The Indian pangolin 
newborn remains in the mother’s burrow for 2 to 4 weeks.’ The 
young is then carried out on the mother’s back or tail outside, where 
it remains until it is weaned after 3 months. 

When the female pangolin sleeps or is alarmed, it curls tightly 
around the young and defends it vigorously. The mother lies on its 


FIGURE 40-4 The young is carried on the back of the mother’s tail. 
(From Chin SC, Lien CY, Chan YT, et al: Monitoring the gestation 
period of rescued formosan pangolin [Manis pentadactyla pentadac- 
tyla] with progesterone radioimmunoassay. Zoo Biol 31 : 479-489, 
2012a.) 


back or side to nurse from the single pair of pectoral mammary 
glands.'* The newborn is nursed by the mother for 5 to 6 months 
and accompanies the mother on foraging bouts riding on the base 
of the tail (Figure 40-4). 

The mammary glands of a female Chinese pangolin at the Ueno 
Zoo dried up 86 days after the birth of a single young. The placenta 
weighed 13 g and measured 24 x 3 x 6.5 cm. The ear holes were 
open at 20 days. The young was force-fed 8% Esbilac with a syringe. 
The young pangolin took adult diet from a pan at 91 days and sepa- 
rated from the mother at 113 days. At 6 months, it was in excellent 
condition, weighing 2.7 kg.” 
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BIOLOGY 


Leporidae (rabbits and hares) and Ochotonidae (pikas) are the two 
families in the order Lagomorpha.” With a worldwide distribution, 
this order contains 12 genera and 81 species (Box 41-1). Unlike 
rodents, lagomorphs have a second set of upper incisors known as 
“peg teeth.” Lagomorphs are born with three pairs of upper incisors, 
but the most lateral on each side is lost soon after birth. Jaw move- 
ments of rabbits, hares, and pikas are vertical or transverse. Lago- 
morphs are hindgut fermenters, herbivorous, and practice cecotrophy. 
Although lagomorphs were once classified as rodents, they only 
illustrate convergent evolution on the basis of their gnawing teeth. 7 
Although rabbits and hares have a short tail, pikas lack a tail.” 
Most lagomorph males have testes located in a scrotum in front of 
the penis, similar to marsupials, and lack an os penis. Two to five 
pairs of mammary glands are found in females. Hearing, smell, and 
touch are well developed, and vocalizations in most species are 
minimal. Eyes are laterally positioned, providing a circular field 
of vision. Sensory hairs are positioned around the nose and above 
he eyes.'” 

The Leporidae family contains 54 species found within 11 
genera.” Although the term “hare” should probably be reserved for 
those animals in the Lepus genera, the terms rabbit and hare are often 
used interchangeably and applied incorrectly. Hares are born fully 
furred and precocial, are generally larger, and have ears larger than 
those of rabbits, with dark ear tips. Rabbits are born naked and blind 
and usually associate in groups compared with the more solitary 
hare. Hares and jackrabbits comprise 29 species in the genus Lepus, 
and rabbits have 25 species, 14 of which are Sylvilagus, or cotton- 
tails, in the remaining 10 genera. Unlike many other mammals, 
female leporids are usually larger than males. The long hindlimbs 
are well adapted for running, with thick hair, instead of footpads, 
on the soles of all the feet. The dental formula of leporids is usually 
(incisor [I] 2/1, canine [C] 0/0, premolar [P] 3/2, molar [M] 3/3) x2 
= 28. 

The European wild rabbit Oryctolagus cuniculus, which likely 
originated from the Iberian Peninsula and southern France following 
the end of the Pleistocene, is the origin of the domestic rabbit.*’ 


Domestic rabbits range in size from 1 kilogram (kg) to over 7 kg and 
are divided into over 60 fancy and fur breeds and over 500 variet- 
ies. Box 41-2 lists biologic and physical data of domestic rabbits. 
Table 41-1 lists hematologic and serum biochemical values of the 
domestic rabbit and hare. 

The family Ochotonidae (pikas, mouse hares, or conies), found 
in Eurasia and western North America (Figure 41-1), contains one 
living genus and one recently extinct genus and up to 37 subspe- 
cies. °” Pikas have long, fine, dense fur and short legs with five digits 
on each front foot and four digits on each rear foot. Weight ranges 
from 125 to 400 grams (g), and both genders are of the same size. 
The dental formula of pikas is (I 1/1, C 0/0, P 3/2, M 2/3) x2 = 26. 
Females have four to six mammae. Males have abdominal testes that 
descend into the skinfolds at the base of the penis during breeding 
season. 

Pikas are generally social, but the social structure varies. Steppe- 
dwelling (burrowing) pikas may live in large colonies organized into 
family units, whereas the species found in talus and boulder- 
fields defend individual territories (Chris Ray, personal communica- 
tion, 2012). Pikas gather food in late summer and stack it in heaps 
called “hay piles”; the weight of food in each pile can be up to 20 kg, 
and they can survive suboptimal conditions by feeding on these 
stores. They are primarily diurnal, most active in the early morning 
and evening, and do not hibermate.”” The steppe-dwelling pikas may 
be threatened by human encroachment, but all pikas may be 
most threatened by climate change.” 


FEEDING 


Domestic rabbits have specific recommended dietary requirements 
including 13% to 18% dry matter (DM) dietary crude protein; 12% 
to 16% dietary crude fiber; 7,000 international units (IU) vitamin A 
per kilogram of food; 40 milligrams (mg) vitamin E per kilogram of 
food; 2 mg vitamin K per kilogram of food; and 0.5% to 1% DM 
calcium.’ Of these requirements, fiber is especially important. 
Because fiber is essential for the production of short-chain fatty acids 
and gastrointestinal (GI) motility, diets containing less than 10% 
crude fiber often result in enteritis. 
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BOX 41-1 Scientific and Common Names for 


Commonly Cited Lagomorphs 


Scientific Name Common Name 
LEPORIDAE: RABBITS AND HARES 

Sylvilagus aquaticus Swamp rabbit 

S. audubonii Desert cottontail 
S. bachmani Brush rabbit 

S. brasiliensis Forest rabbit 

S. floridanus Eastern cottontail 


S. palustris Marsh rabbit 

Lepus americanus Snowshoe hare 

L. arcticus Arctic hare 

L. californicus Black-tailed jackrabbit 
L. capensis Cape hare 

L. europaeus Brown hare 

L. tovvnsendii White-tailed jackrabbit 


Oryctolagus cuniculus European rabbit, Old World rabbit, 


and domestic rabbit 


OCHOTONIDAE: PIKAS 
Ochotona princeps 
O. rufescens 


Colorado pika 
Afghan pika 


BOX 41-2 Biologic and Physiologic Data of 


Domestic Rabbits 


Parameter Normal Values 
Adult body mass of male 2-5 kilograms (kg) 
(buck) 
Adult body mass of female 2-6 kg 
(doe) 
Birth mass 30-80 grams (g) 
Respiratory rate 30-60 breaths per minute 
Tidal volume 4-6 milliliters per kilogram (mL/kg) 
Heart rate 130-325 beats per minute 
Rectal temperature 38.5? C-40.0°C (101.3° F-104.0° F) 
Life span 5-6 years (up to 15 years) 


Food consumption 
Water consumption 
Gastrointestinal transit 
time 
Daily urine excretion 
Breeding onset of male 
Breeding onset of female 
Breeding life of female 
Reproductive cycle 


50 g/kg/day 
50-150 mL/kg/day 
4-5 hours 


10-35 mL/kg/day 
6-10 months 

4-9 months 

4 months to 3 years 
Induced ovulation 


Gestation period 29-35 days 
Litter size 4-10 
Weaning age 4-6 weeks 


The preferred diet for the pet rabbit is a high-quality, high-fiber 
(15% to 16% crude fiber) pelleted diet containing 13% to 18% 
(ideally 16%) crude protein, at a rate of 4 cup pellets per 2.3 kg 
body mass divided into two meals per day.’ A fiber content below 
15% may increase the potential for anorexia and diarrhea, and one 
greater than 16% reduces feed palatability. However, a fiber content 
of 18% to 22% helps prevent obesity in pet rabbits and often is used 
in mature laboratory animals. Some rabbits do well when pellets are 
offered ad libitum (freely), unless overeating and obesity become 
problems or an inadequate amount of loose hay is consumed. The 
pellets are supplemented with loose hay (mixed grass hay, timothy 
hay, or high-quality dried grass clippings) ad libitum. Alfalfa hay may 


Hematologic and Serum Biochemical Values of 
the Domestic Rabbit®””° and Hare’? 


Normal Values 


Measurement Rabbit Hare* 
HEMATOLOGIC PARAMETERS 

Packed cell volume (%) 30-50 48 (42-55) 
Hemoglobin (g/dL) 8.0-17.5 15.8 (13.5-18.4) 
Red blood cells (3105/uL) 4-8 7.8 (6.5-9.0) 
MCV (m3) 58.0-75.0 m 
MCH (pg) 17.5-23.5 m 
MCHC (96) 29-37 — 
Platelets (310°/uL) 290-650 — 
White blood cells (310°/uL) 5-12 7 (2-16) 
Neutrophils (%) 35-55 42 (13-82) 
Lymphocytes (%) 25-60 49 (16-80) 
Monocytes (%) 2-10 5 (1-16) 
Eosinophils (%) 0-5 3 (0-11) 
Basophils (%) 2-8 0.5 (0-1.5) 
CHEMISTRY PARAMETERS 

Alkaline phosphatase (IU/L) 4-70 — 
Alanine aminotransferase (IU/L) 14-80 — 
Aspartate aminotransferase (IU/L) 14-113 — 
Bicarbonate (mEq/L) 16.2-31.8 — 
Total bilirubin (mg/dL) 0-0.75 — 
Calcium (mo/dL) 8-14.8 — 
Chloride (mEq/L) 92-112 — 
Cholesterol (mg/dL) 12-116 — 
Creatinine (mg/dL) 0.5-2.6 — 
Glucose (mo/dL) 75-150 — 
Lactic acid dehydrogenase (IU/L) 34-129 — 
Total lipids (mo/dL) 280-350 — 
Phosphorus (mg/dL) 2.3-6.9 — 
Potassium (mEq/L) 3.5-7 — 
Total protein (g/dL) 5.4-7.5 5.6 (2-5) 
Albumin (g/dL) 2.5-5.0 — 
Globulin (g/dL) 1.5-3.5 — 
Sodium (mEq/L) 138-155 — 
Triglycerides (mg/dL) 124-156 — 
Urea nitrogen (mg/dL) 15-50 — 


*Black-tailed jackrabbit (Lepus californicus). 

g/dL, Gram per deciliter; /U/L, international unit per liter; MCH, mean 
corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentra- 
tion; MCV, mean corpuscular volume; mEq/L, milliequivalent per liter; ug, 
microgram; uL, microliter; pg, picogram. 


be offered throughout the growth stages and then discontinued 
because of its high protein and calcium content. The diet can be 
supplemented with a small amount of dark fibrous, leafy greens and 
fresh vegetables (1 cup per 2.3 kg body mass) and small amounts 
(up to 1 tablespoon per 2.3 kg body mass) of fresh fruit, daily or 
several times per week. It should be noted that growing rabbits and 
females in late gestation may require twice as much food, and lactat- 
ing females may consume three times as much food as an adult in 
maintenance. 


CHAPTER 41 © Lagomorpha (Pikas, Rabbits, and Hares) 


m. R. də i 2 
FIGURE 41-1 A Colorado pika (Ochotona princeps) gathering food. 
(Courtesy of N. Zaun, Rocky Mountain National Park, Colorado, 2012). 


SELECTED TECHNIQUES 
Physical Restraint 


The skeleton in rabbits represents only 796 to 896 of the body vveight 
(as opposed to 1296 to 13% in cats). ° Rabbits are prone to fractures 
of the back and hindlimbs because of hindlimb musculature and the 
delicate nature of the skeleton. Support of the hindquarters is essen- 
tial when transporting rabbits to avoid causing injury; rabbits may 
be carried with one hand under the thorax or holding the scruff, 
with the second hand supporting the hindquarters. The rabbit 
should be placed in a cage with its rear facing the back of the cage 
and the hindquarters supported to reduce chances of injury from the 
rabbit kicking. A nonslip mat should be used when examining the 
rabbit or placing the animal in the cage. Alternatively, the rabbit can 
be wrapped in a towel with the head covered to prevent struggling. 
A hand may be placed over the eyes to calm the rabbit while using 
care not to obstruct the nostrils, since rabbits are obligate nasal 
breathers. Hyperthermia should be avoided when using a towel 
during handling or examination. Noises or smells from predator 
animals may stress the sensitive rabbit. 


Venipuncture and Injection sites 


Multiple sites, including the marginal ear veins, central ear artery, 
jugular vein, cephalic vein, and the lateral saphenous vein, may be 
used for venipuncture in rabbits.'° Use of the ear veins and artery is 
not ideal because hematoma formation, bruising, or vessel thrombo- 
sis and skin sloughing can result. Alcohol may be used to part the 
fur and visualize the vessel. In some cases, clipping or plucking of 
the fur may be useful. If clippers are used, care should be taken to 
avoid damaging the delicate skin of the rabbit. An ideal site for 
venipuncture is the lateral saphenous vein. The rabbit is restrained 
in a towel, with the head covered and a rear limb gently extended. 
The restrainer holds off the vein with pressure across the proximal 
thigh. The vessel lies across the lateral surface of the tibia just proxi- 
mal to the hock. Following sample acquisition, gentle digital pres- 
sure over the venipuncture site or application of a brief pressure 
wrap helps prevent hematoma formation. 

The cephalic or lateral saphenous veins are the preferred sites for 
intravenous catheter placement. Intraosseous access is with a spinal 
needle placed within the trochanteric fossa of the femur. Intramus- 
cular injections may be given into the large lumbar muscles on either 
side of the spine. ” Care should be taken to avoid damaging the 
sciatic nerve if injecting into the hindlimb musculature. If the 
hindlimbs are used for injection, the cranial aspect of the rear leg, 
the quadriceps, should be used. 


Anesthesia 


Anesthetic agents can be administered to rabbits in a variety of ways, 
including topical, injectable, inhalant, and combination protocols. 


TABLE 41-2 


Chemical Restraint, Anesthetic, and Analgesic I 
Agents Commonly Used in the Domestic 


377 


` Rabbit”22 
Agent Dosage Comments 
Buprenorphine 0.01-0.05 mg/kg, SC, Analgesia 
IP, or IV, every 
6-12 hours 
Butorphanol 0.1-0.5 mg/kg, SC, Analgesia 
IM, or IV, every 
4 hours 
Carprofen 2.2 mg/kg, PO, every Nonsterolidal 
12 hours anti-inflammatory; 
chronic joint pain 
Diazepam 1-3 mg/kg IM Preanesthetic; tranquilizer 
Flunixin 0.3-2.0 mg/kg, SC, Analgesia; nonsteroidal 
meglumine IM, every 12-24 anti-inflammatory 
hours Use for no more than 3 
days 
Isoflurane 396-596 induction; Inhalant anesthetic of 
1.5%-3% choice 
maintenance 
Ketamine/ 15 mg/kg and Anesthesia 
diazepam 0.3 mg/kg, IM, or Follow with isoflurane 
20-30 mg/kg and 
1-3 mg/kg, IM 
Ketamine/ 15-25 mg/kg Anesthesia 
midazolam 0.5-1 mg/kg, IM Follow with isoflurane 
Ketoprofen 1 mg/kg, IM, every Musculoskeletal pain; 
12-24 hours nonsteroidal 
anti-inflammatory 
Meloxicam 0.3-1.0 mg/kg, PO, Musculoskeletal pain; 
q12-24 hours nonsteroidal 
anti-inflammatory 
Midazolam 1-2 mg/kg, IM Preanesthetic; tranquilizer 
Oxymorphone 0.05-0.2 mg/kg, SC Analgesia 
or IM, q8-12 hours 
Propofol 2-3 mg/kg (or to Induction after 
effect), IV premedication 
Maintain with 
approximately 1 mg/kg 
every 15 minutes 
Sevoflurane To effect Inhalant anesthesia 


IM, \ntramuscularly; IP, intraperitoneally; /V, intravenously; PO, orally; SC, 


subcutaneously. 


Anesthesia involves many considerations such as stability of the 
patient, monitoring, anesthetic agents used, and others. The reader 
should consult additional texts for complete information on anes- 
thesia in rabbits.!417!°?!?° 

A variety of injectable anesthetic—analgesic combinations have 
been used in rabbits. Injectable anesthetic protocols may include 
parasympatholytics, phenothiazines, benzodiazepines, 0)-adrenergic 
agonists, ketamine, propofol, tiletamine-zolazepam, and others.*! 
Parenteral anesthetics are typically administered via the following 
routes: subcutaneous, intramuscular, intraperitoneal, intravenous, 
and intraosseous. In addition, the veterinarian should be aware of 
the specifics of different anesthetic drugs used in rabbits; for example, 
he use of tiletamine—zolazepam has been associated with nephro- 
oxicity in rabbits.’ Table 41-2 lists agents commonly used in the 
chemical restraint, anesthesia, and analgesia of domestic rabbits. 
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Inhalant anesthesia is the primary component of most anesthetic 
regimens in small mammals.“ Isoflurane and sevoflurane are com- 
monly used inhalant anesthetic agents. Induction with an inhalant 
anesthetic is typically administered via a face mask. Premedication 
and supplemental injectable anesthesia, along with careful restraint 
o prevent injury, is recommended for rabbits during induction. For 
maintenance of anesthesia, endotracheal intubation is ideal to protect 
the upper airway and assist ventilation. Blind and direct techniques 
may be used to facilitate intubation in rabbits. In either case, it is 
helpful if the head and neck of the rabbit is hyperextended, as this 
will allow for the alignment of the larynx and the trachea with the 
oropharynx.’' Care should be taken to ensure that the rabbit is 
adequately premedicated and relaxed to allow for atraumatic intuba- 
tion. In addition, it is important to avoid overextension of the neck, 
which could result in damage to the spine. Laryngeal mask airway 
(LMA) is a new method being used for delivering a gas anesthetic. 
The LMA is an airway device used as an alternative to a face mask 
or an endotracheal tube.’ LMA precludes the need for intubation in 
rabbits and may minimize laryngeal trauma. 


INFECTIOUS DISEASES 
Bacterial Diseases 


Pasteurella multocida is a non-spore-forming, bipolar, gram-negative 
rod. Although P multocida is a common cause of mortality in brown 
hares (Lepus europaeus) in Europe, the bacterium is associated most 
commonly with disease in domestic rabbits.’ P multocida is transmit- 
ted from acutely infected rabbits, through direct contact, via fomites, 
or via inhalation or wounds."”’ The incubation period of P multocida 
is about 2 weeks. In a survey of rabbits with signs of upper respira- 
tory disease, P multocida was the most common isolated bacterium 
in greater than 50% of rabbits.’ The bacteria colonize the nares or 
cause production of nasal exudate if the host is unable to resist infec- 
tion. Snuffles, a common upper respiratory tract disease in domestic 
rabbits, is caused by a local overgrowth of P multocida in the nasal 
epithelium. However, cultures of the nasal epithelium are frequently 
positive for P multocida in clinically normal adult rabbits housed in 
institutional colonies (40% to 72%)'° and in conventional rabbitries 
(28% to 31%).° P multocida may proliferate and spread via the 
trachea (to the lungs), the nasolacrimal ducts (to the conjunctiva), 
the eustachian tube (to the middle ear, inner ear, and then the brain), 
or the bloodstream (septicemia) to the lungs, heart (endocarditis), 
reproductive organs (orchitis and pyometra-endometritis), skin, and 
subcutis (subcutaneous abscesses). ° Pasteurellosis infection in the 
ungs may result in fibrinopurulent pneumonia, pleuritis, and cra- 
nioventral pulmonary abscesses. Ophthalmic involvement (conjunc- 
ivitis, hypopyon, or retrobulbar abscesses) also may be seen with 
pasteurellosis. Serologic tests such as enzyme-linked immunosorbent 
assay (ELISA), and polymerase chain reaction (PCR) tests are avail- 
able to detect pasteurellosis in rabbits. Culture and sensitivity testing 
are recommended because organisms other than Pasteurella species 
may be isolated. 

Torticollis (head tilt or wry neck) in domestic rabbits usually is 
caused by the extension of P multocida infection from the nasal cavity 
to the inner ear via the eustachian tube and middle ear or may arise 
centrally in the medulla or cerebellum (Figure 41-2). Other causes 
to consider, although less common, are otitis externa, cranial trauma, 
listeriosis, encephalitozoonosis, ascarid migration, or extension of 
ear mite infection. If infection is unilateral, the head of the rabbit 
tilts down on the affected side. Occasionally, nystagmus may be 
present. Affected middle ears are characterized by tympanic bullae 
filled with thick, yellow exudate, which may be seen on radiographic 
or computed tomography (CT) examination of the skull. The head 
tilt may or may not respond to antibiotic therapy. Additional sup- 
portive care measures, including syringe feeding and protection of 
the down eye, which may be prone to ulceration from rolling, may 
be warranted. Prognosis is favorable if a positive response is exhib- 
ited within the first week after therapy, and therapy is continued for 
1 week after the resolution of clinical signs. 


FIGURE 41-2 Torticollis in a rabbit. 


Pasteurella also may cause subcutaneous abscessation. The usual 
presenting sign is the presence of one or more firm nodules full of 
thick pus. Aspiration of the nodule is usually unsuccessful. Treat- 
ment includes surgical excision and administration of antibiotics for 
10 to 14 days. If the abscess cannot be excised, lancing and flushing 
twice daily with dilute povidone-iodine solution along with antibi- 
otic therapy for 10 to 14 days may be curative. Aerobic and anaerobic 
cultures and sensitivity testing are appropriate because Staphylococcus 
aureus (sore hocks), Pseudomonas aeruginosa, and Fusobacterium nec- 
rophorum also may cause abscessation. 

Enrofloxacin (5-10 mg/kg, orally [PO], every 12 hours for 14 
days) is generally effective in treating pasteurellosis in rabbits. Other 
antibiotics such as chloramphenicol (50 mg/kg, PO, every 12 hours), 
and ciprofloxacin (20 mg/kg, PO, every 12 hours) have also been 
used to manage pasteurellosis. —” In addition, nasolacrimal duct 
flushing and administration of antibiotics into the duct—1 drop of 
ciprofloxacin in each eye every 8 to 12 hours—is also useful in cases 
of nasal pasteurellosis. Although more invasive, rhinotomy with 
surgical debridement has been suggested as an option to manage 
granulomatous disease of the nasal cavity that is refractory to anti- 
biotic therapy.” 

Rabbit syphilis, caused by the spirochete Treponema paraluiscu- 
niculi, is a contagious but nonzoonotic venereal disease of rabbits. ”” 
Transmission occurs through contact with infected skin or between 
kits and an infected dam. Crusty ulcers or edematous papules are 
seen around the lips, eyelids, nose, and perineal region. Diagnosis is 
based on history, clinical signs, identification of the spirochetes in 
darkfield microscopic examination of scrapings or smears of the skin 
esions. Histologic examination with silver stains of skin biopsy sec- 
ions may also be used for diagnosis but is considered a low-sensitive 
est. Serologic testing is available, but false-negatives are possible. 
Treatment of rabbit syphilis consists of penicillin G benzathine 
(42,000 to 84,000 international units per kilogram [IU/kg], subcu- 
taneously [SC], every 7 days, three treatments) or parenteral penicil- 
in (40,000 to 60,000 IU/kg, SC, every 24 hours for 5 days). 
Response is rapid; lesions usually regress dramatically after one 
injection. 

Tularemia, caused by Francisella tularensis, has a broad host range 
but is primarily a disease of lagomorphs and rodents. Among lago- 
morphs, hares (Lepus spp.) and New World rabbits (Sylvilagus spp.) 
are the most important hosts for F tularensis, whereas the European 
rabbit is relatively resistant to infection. Tularemia is highly infec- 
ious, entering the body via arthropod vectors, by direct contact with 
he blood or tissues or infected animals, by inhalation of infected 
particles, or by ingestion. In the United States, human cases usually 
occur during summer from tick bites or from handling rabbits during 
the fall and winter rabbit hunting season.’”° 
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Clinical signs of tularemia in wild animals have been documented 
poorly, mainly because of the acute nature of the disease. In more 
sensitive animals, clinical signs of brief, severe apathy are followed 
by fatal septicemia. In less sensitive species, nonspecific signs such 
as depression and elevated body temperature are noted. The organ- 
ism causes inflammation and necrosis in the lymph nodes, liver, 
spleen, bone marrow, and lungs, resulting in characteristic multifocal 
coagulation necrosis of these organs. “” Diagnosis is confirmed by 
direct or indirect (fluorescent antibody staining, immunofluorescent, 
or immunohistochemical) methods or culture. 

Other bacterial diseases include Staphylococcus spp. (most com- 
monly S. aureus), a common pyogenic bacteria that causes local 
abscesses and, less commonly, generalized infections in rabbits and 
hares. Infected lagomorphs may be listless, emaciated, and lame if 
endons or joints are involved. Subcutaneous abscesses may be 
present. Sylvilagus spp. in North America and Lepus spp. in Europe 
and North America have been reported to be naturally infected with 
Borrelia burgdorferi and may serve as reservoirs for the disease. 
Bacteria most commonly cultured from domestic rabbit abscesses 
include S. aureus, P multocida, Pseudomonas aeruginosa, Proteus sp., 
Fusobacteria sp., Bacteriodes sp., and Actinomyces sp. Other bacteria 
reported less commonly in lagomorphs include Salmonella spp., 
Campylobacter sp., Dermatophilus congolensis, Erysipelothrix rhusio- 
pathiae, Listeria monocytogenes, and Mycobacterium bovis (in rabbits 
and hares in New Zealand). ° 

Box 41-3 presents a list of antimicrobial agents commonly used 
in the domestic rabbit. 


Viral Diseases 


Rabbit oral papillomatosis virus infection appears restricted to labo- 
ratory rabbits, especially New Zealand white rabbits, causing benign 
oral papillomas on the ventral surface of the tongue. Papillomas start 
as small millimeter (mm)-sized immobile lesions and may grow into 
larger (3-5 mm) clusters of pedunculated papules. The lesions are 
benign and can persist for over 4 months. This virus is different than 
rabbit (Shope) papillomavirus. 

Rabbit (Shope) papillomavirus, also known as cottontail rabbit 
papillomavirus, in the Papovaviridae family, is transmitted by biting 
arthropods. The virus causes wartlike, keratinized lesions on the 
skin, with lesions generally around the neck and shoulders in wild 
cottontail rabbits and around the ears and eyelids in domestic 


BOX 41-3 Antimicrobial Agents Commonly 


Used in the Domestic Rabbit 


Agent 
Chloramphenicol 


Dosage 

25 milligrams per kilogram (mg/kg), orally 
(PO), every 8-12 hours 

50 mg/kg, PO, every 8-24 hours 

50 mg/kg, PO, every 12-24 hours 

1 gram per liter (g/L) drinking water 

10-20 mg/kg, PO, every 12-24 hours 

1 drop topical in each eye every 8-12 
hours* 

5-10 mg/kg, PO or subcutaneously (SC), 
every 12 hours for 14 days 

20 mg/kg, PO, every 12 hours for 3-5 
days 

1 milligram per milliliter (mg/mL) drinking 
water 

10-15 mg/kg, PO, every 12 hours 

15-30 mg/kg, PO, every 12 hours 


Chlortetracycline 


Ciprofloxacin 


Enrofloxacin 
Metronidazole 
Sulfamethazine 
Sulfadimethoxine 


Trimethoprim/ 
sulfamethoxazole 


*For nasal pasteurellosis; maintains therapeutic levels in tear film for at 
least 6 hours after application (tears drain into nasal sinus). 


rabbits.” In naturally infected animals, infection may be seen as a 
cutaneous tumor, most commonly on the legs, especially the dorsal 
surface of the hindfeet.’ The tumors are firm, white, and moist on 
the surface and generally persist for up to 150 days and then disap- 
pear. Very young cottontails, however, die about 4 weeks after inocu- 
lation. Diagnosis is based on the host, clinical signs, and characteristic 
microscopic appearance, virus isolation, or both. Surgical removal of 
lesions and arthropod control is recommended to prevent disease 
spread. 

Rotavirus is highly infectious with a high morbidity and variable 
(generally low) mortality. Weanling rabbits (2-4 months) are most 
susceptible, and disease severity is increased with co-infection with 
another enteric pathogen. Antibodies to rotavirus are found in labo- 
ratory, commercial, and pet rabbits, indicating that it can infect most 
strains. Rotavirus infections are marked by anorexia, dehydration, 
and green-yellow watery diarrhea. The intestines become distended 
and congested, with petechial hemorrhages, chronic inflamma- 
tion, and villous atrophy. Diagnosis requires virus identification, and 
treatment is with supportive care. 

Rabbit hemorrhagic disease virus (RHDV) is a calicivirus of the 
genus Lagovirus, which affects only European rabbits.’ It was first 
described in China in 1984 and rapidly spread throughout Asia, 
Australia, and New Zealand and into Europe, with rare outbreaks in 
the United States and elsewhere." In 1996, planned dissemination of 
rabbit hemorrhagic disease was legalized in Australia as a biologic 
control of rabbit populations. Transmission is via direct contact (with 
urine, feces, respiratory secretions) and fomite contamination and 
even by intermediate insect vectors. The disease occurs in rabbits 
over 2 months of age, as neonatal rabbits are resistant to infection. 
The virus replicates in the liver, causing severe hepatic necrosis and 
eventual death from disseminated intravascular coagulation. The 
clinical presentation and course varies from a peracute disease that 
lasts only 12 to 36 hours and is followed by sudden death; to an 
acute or subacute febrile illness, with anorexia, diarrhea (or constipa- 
tion), neurologic, and other systemic symptoms, lasting a few days 
to weeks; to a persistent or latent disease with continued virus shed- 
ding. Active immunity in recovered rabbits is apparently life-long. 
Laboratory studies demonstrate a worsening lymphopenia and 
thrombocytopenia, with eventual prolonged prothrombin and 
thrombin times. At necropsy, extensive hepatic necrosis, spleno- 
megaly, pulmonary hemorrhage, and evidence of disseminated intra- 
vascular coagulation are evident. RHDV is a reportable disease. 
Vaccination programs using attenuated vaccines have had mixed 
results. A recombinant vaccine has recently been developed and 
should be effective in prevention in endemic areas. The virus can be 
inactivated with 0.5% sodium hypochlorite or 1% formalin. Diag- 
nosis is confirmed by using specific immunohistochemical stains, 
electron microscopy, or ELISA. 

Myxomatosis is a significant disease of European rabbits caused 
by myxoma virus and is transmitted passively by blood-feeding 
arthropods or is shed via discharges.’ Clinical signs vary with the 
strain of the virus and the nature of the host, with wild rabbits 
(Sylvilagus sp.) developing benign skin tumors and domestic rabbits 
(Orytolagus sp.) developing systemic signs, including swollen eyelids 
and mucopurulent ocular and nasal discharge. Domestic rabbits may 
have lethargy, seizures, and a high mortality rate, with surviving 
rabbits developing edematous nodules on the ears, face, eyelids, and 
perineum.” Diagnosis of myxomatosis is based on clinical signs and 
pathologic findings (greatly swollen spleen; enlarged, edematous, 
and often hemorrhagic lymph nodes; hemorrhages; and swollen 
conjunctiva and nasal mucosa) as well as a history of myxomatosis 
in the area. Confirmation may be made with electron microscopy, 
fluorescent antibody, PCR, virus isolation, and antibody levels 
(ELISA, virus neutralization assays, or complement fixation assays). 
This disease has been used as a biologic measure for the control of 
European rabbit populations in Australia since 1950. 

European brown hare syndrome is a highly contagious caliciviral 
infection of free-living and farmed hares characterized by acute 
necrotic hepatitis.’ The distribution of European brown hare 
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syndrome corresponds with the distribution of the European brown 
hare. 

In addition, snowshoe hare virus, a member of the California 
encephalitis complex in Bunyaviridae, occurs across the northern part 
of North America.” 


Mycotic Diseases 


The most commonly reported mycotic infection in rabbits is ring- 
worm (caused by Trichophyton and less frequently Microsporidium).””” 
Lesions are seen around the head, legs, feet, and nail beds. Initially, 
the infected areas may be pruritic and inflamed, later becoming 
scabby, dry, crusty, and alopecic. Diagnosis is made by growing the 
fungal organism on a dermatophyte culture medium, direct examina- 
tion of hair shafts mounted with potassium hydroxide, or fungal- 
stained skin biopsy samples. Treatment involves antimycotic 
medications considered safe for kittens, and owners should be 
advised of the zoonotic risk. 

Aflatoxins produced by the fungi Aspergillus flavus and Aspergillus 
parasiticus cause liver and biliary damage in rabbits.”” Rabbits are the 
species most sensitive to these toxins and serve as an animal model 
for aflatoxicosis. Outbreaks occur from contaminated feed and are 
accompanied by anorexia, depression, and weight loss, progressing 
to icterus and death within 3 to 4 days. On necropsy, livers are 
congested with periportal and ductal fibrosis, sinusoidal dilation, 
and hepatocyte degenerative changes. Treatment involves removal of 
contaminated feed and supportive care. 


PARASITIC DISEASES 


Coccidia are the most common parasites of the rabbit GI tract, and 
although they cause significant disease in young (<6 months old) 
rabbits, they may be incidentally found in fecal studies in adult 
rabbits.”” Of the 12 species of the genus Eimeria, E. stiedae is exclu- 
sive to the liver, with the rest causing intestinal disease. Hepatic 
coccidiosis is ubiquitous in commercial rabbitries and may be fatal 
in young rabbits by obstructing liver function. Severe disease is 
marked by anorexia, diarrhea, abdominal bloating, and icterus. Bio- 
chemical tests confirm hepatic disease, with elevations in aspartate 
aminotransferase (AST), alanine aminotransferase (ALT), bile acids, 
and total bilirubin. On necropsy, the liver is seen studded with 
nodular, encapsulated abscesses. Oocysts may be identified in bile 
or feces. 
Intestinal coccidiosis is common in rabbits of all ages and most 
often associated with E. perforans infection. Subclinical infection is 
common, and disease severity varies with age (worse under 6 
months), species of Eimeria, parasite burden, and condition of the 
rabbit (stress, poor husbandry, poor diet). Significant disease is 
marked by diarrhea, with possible mucus or blood, dehydration, and 
weight loss. Intussusception is a complication of severe disease. 
Diagnosis depends on histopathology, fecal identification, or both. 
Molecular assays have been developed to identify intestinal Eimeria 
species. In addition to supportive care, sulfa drugs are most effective 
at limiting viral multiplication. Sulfadimethoxine (15 mg/kg, PO, 
our times in 12 hours [q12h]) or trimethoprim-sulfamethoxazole 
(30 mg/kg, PO, q12h) may be used for 10 days of therapy. Recover- 
ing rabbits develop lifelong immunity. 

Cryptosporidium parvum infects the small intestine and causes a 
self-limiting diarrheal illness (4-5 day duration) in young rabbits 
(peak, 30-40 days old).** Illness is accompanied by anorexia, depres- 
sion, and dehydration. The organism is identified on histopathology. 
Other than supportive care, no effective treatment is available. 
Recently, reports of rabbit Cryptosporidium species causing zoonotic 
disease in humans have been reported in several countries.” 

Passalurus ambiguous, the rabbit pinworm, is found in most 
rabbits, and even large parasite burdens are not pathogenic. Adult 
worms reside in the cecum and colon, and transmission is direct 
through ingestion of eggs during cecotrophy. Diagnosis is often 
routine, with identification of worms or eggs in feces, although 
identification should not prompt treatment in most cases. When 


° 


treatment is necessary, benzimidazoles such as fenbendazole 
(10-20 mg/kg, PO, repeated in 10-14 days) are effective “° 

Vestibular dysfunction (head tilt) in dwarf breeds of domestic 
rabbits is caused most frequently by Encephalitozoon cuniculi (whereas 
in standard breeds the cause more likely is Pasteurella multocida.’ E. 
cuniculi is an obligate, intracellular, protozoan parasite. Transmission 
is generally by ingestion or by oral inoculation of infective spores 
shed in urine, although transplacental transmission also may occur. 
A positive encephalitozoon titer with compatible clinical signs sug- 
gests, but is not conclusive for, encephalitozoonosis. Serologic 
esting, including complement fixation, ELISA, India ink immuno- 
reaction, indirect fluorescent antibody, or indirect microagglutina- 
tion, commonly is used. Definitive diagnosis of encephalitozoonosis 
requires histopathologic identification of the organism. Although 
many domestic rabbits infected with E. cuniculi are asymptomatic, 
other neurologic signs may include urinary incontinence, stiff rear 
gait, and posterior paresis. No treatment is effective for encephalito- 
zoonosis, although benzimidazoles have been shown to help decrease 
neurologic signs. 

Cerebrospinal nematodiasis (neural larval migrans), caused by 
Baylisascaris spp., has been reported in rabbits and may produce fatal 
or severe neurologic disease. 

Pelecitus, a filarid, is a common parasite of the legs and joints of 
various species of rabbits and hares.’ Microfilaria may be present in 
blood; no clinical signs have been reported. 

Ear mites (Psoroptes cuniculi) are common in the domestic rabbit, 
in which they may cause severe inflammation (Figure 41-3).** Treat- 
ment of otoacariasis generally involves administering 1% ivermectin 
(0.2-0.4 mg/kg, SC) and repeating the dose in 10 to 14 days), topical 
treatment with a combination product containing thiabendazole, 
dexamethasone, and neomycin (Tresaderm, MSD-AgVet), or a com- 
bination of both.’ 

Bots (Cuterebra spp.) occur in New World lagomorphs, in which 
they may produce a granulomatous furuncle within which the larvae 
complete their development.’' Warbles (Oestromyia sp.) have been 
reported in pikas. 

Endoparasites occur commonly in wild lagomorphs and also 
occur occasionally in captive species. Lancet flukes (Dicrocoelium sp.) 
are primarily parasites of captive species but have been reported in 
wild lagomorphs as well.’’ Lagomorphs are also intermediate hosts 
for cestodes (i.e., Taenia spp.), and the larvae are usually in the 
subcutis and skeletal muscle. 

Ectoparasites occur commonly in lagomorphs, and some of the 
more significant types reported include Sarcoptes scabiei (sarcoptic 
mange, scabies), sucking lice, and a wide range of ticks. 


FIGURE 41-3 Otitis externa caused by mites. (From Harcourt-Brown 
F: Textbook of rabbit medicine, Oxford, United Kingdom, 2002, 
Butterworth-Heinemann.) 
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TABLE 41-3 


Agent Dosage 


Comments 


Albendazole 
24 hours 


7.5-20 milligram per kilogram (mg/kg), PO, every 


Potential treatment for encephalitozoonosis; 
deaths have been reported 


Amprolium (9.6%) 
10 days 


0.4 milliliter per 473 mL(mL/mL) drinking water for 


Coccidiosis 


Carbaryl powder (5%) Topical every 7 days 


Ectoparasites. Use sparingly. 


Fenbendazole 


5-10 mg/kg, PO; repeat in 2 weeks as needed 


Intestinal strongyles and ascarids; deaths 
have been reported 


lvermectin 


0.2-0.4 mg/kg, SC, every 10-14 days 


Ear mites 


Lufenuron (Program, Novartis) 30 mg/kg, PO, monthly 


Flea larvicide 


Praziquantel 


5-10 mg/kg, PO, SC, or IM; repeat in 10 days 


Cestodes and trematodes 


Pyrantel pamoate 


5-10 mg/kg, PO; repeat in 2-3 weeks 


Intestinal strongyles and ascarids 


Pyrethrins Use as directed for puppies and kittens Flea control 
Selamectin (Revolution, Pfizer)* 20 mg/kg, topically, q7d Ectoparasites (ear mites, fleas, and ticks) 
Sulfadimethoxine 50 mg/kg, PO, once, then 25 mg/kg, every 24 Coccidiosis 
hours for 10-20 days 
Sulfamerazine 100 mg/kg, PO, or 0.05%-0.15% in drinking water Coccidiosis 
Sulfamethazine 100 mg/kg, PO, every 24 hours, 0.596-1.096 in Coccidiosis 


feed, or 0.77 grams per liter (g/L) drinking water 


Thiabendazole 50-100 mg/kg, PO 


İntestinal strongyles and ascarids 


Thiabendazole/ dexamethasone/ 
neomycin (Tresaderm, MSD-AgVet) 


3 drops in each ear every 12 hours for 7-14 days 


Ear mites; generally concurrent to 
ivermectin therapy 


IM, intramuscularly; PO, orally; SC, subcutaneously. 
*J.W. Carpenter, personal observation. 


Table 41-3 lists antiparasitic agents commonly used in the domes- 
tic rabbit. 


NONINFECTIOUS DISEASES 
Gastric Stasis or Ileus and Trichobezoars 


The rabbit's GI tract is highly specialized for its high-fiber herbivo- 
rous diet; and even minor changes in the diet or digestive process 
may lead to significant GI disease. GI stasis is the most common 
disorder, affecting all ages and breeds. 

The etiology of GI stasis is often multifactorial. Lack of adequate 
fiber, either from poor diet or reduced intake, is a primary cause of 
GI stasis. Diets low in quality grass hay and high in cereal grains and 
fruits predispose rabbits to GI stasis. In animals receiving an ade- 
quate diet, GI stasis may result from reduced intake secondary to 
any number or combination of factors causing anorexia, including 
dental disease, dysphagia, pain, anxiety, environmental changes, 
infection, dysbiosis, neoplasia, chronic disease, drug effects (anes- 
thetics, anticholinergics, opioids, antibiotics), obstruction or foreign 
bodies, and accidental or forced restriction (preoperative fasting). 
Restricted water intake and activity will also impair adequate pro- 
cessing of dietary fiber and will promote stasis. In addition to reduc- 
ing intake, chronic stress causes increased catecholamine signaling 
acting on the enteric nervous system to impair intestinal motility. 
Once initiated, dysmotility leads to reduced colonic transit with 
decreased fecal output, increased dehydration of intestinal contents, 
dehydration of gastric contents with trichobezoar formation, 
impaired cecal fermentation, and disruption of the enteric micro- 
flora, creating a cycle of further anorexia and worsening stasis.”® 

Physical examination findings correlate with the extent of disease 
and may be minimal, but most will demonstrate evidence of dehy- 
dration, abdominal distension, and gastric tympany. Some animals 


may be hunched over, grind their teeth, and have abdominal tender- 
ness. Severely ill rabbits progress to hypovolemic shock with reduced 
blood pressure and altered mentation. Laboratory studies (complete 
blood cell count [CBC], biochemistry, urinalysis) may be helpful for 
determination of an underlying cause of anorexia, but most have 
only nonspecific findings of dehydration or possibly elevated hepatic 
enzymes from developing hepatic lipidosis. Radiographic studies of 
the abdomen in two views are essential for examining gastric con- 
tents, colonic fecal contents, and, most importantly, severe gas or 
fluid accumulation suggestive of obstruction, which constitutes a 
surgical emergency. 

Routine GI stasis is treated with comprehensive supportive care, 
best performed in a hospital setting for close monitoring. Animals 
should be kept warm in a dark, quiet place to minimize stress. Fluid 
replacement is achieved with warmed saline (25-35 mL/kg, q8h) and 
may be given orally or subcutaneously, although animals with severe 
dehydration will require more aggressive intravenous fluids. Anxiety 
can be minimized with injectable midazolam (0.25-0.5 mg/kg, intra- 
venously or intramuscularly [IV or IM]), and pain controlled with 
analgesics such as buprenorphine (0.01-0.05 mg/kg, IM or subcuta- 
neously [SC], every 6-8 hours), which may later be transitioned to 
meloxicam after adequate hydration (0.2-0.5 mg/kg, IM, SC, or PO, 
q24h). Once obstruction has been ruled out, prokinetic agents, 
including metoclopramide (0.5 mg/kg, SC or PO, q8-12h) and/or 
cisapride (0.5 mg/kg, PO, q8-12h) may be used. Simethicone 
(20 mg/kg, PO, q8-12h) may be used to reduce gas distension, and 
ranitidine (2 mg/kg, IV, q24h, 2-5 mg/kg, PO, q12h) used in cases 
with prolonged anorexia, where gastric ulceration is likely. Nutri- 
tional support is essential and may be performed by syringe-feeding 
an herbivore critical care formulation (15 mL/kg, q8h). Prolonged 
nutritional support may be provided via a nasogastric tube. Antibiot- 
ics should only be used in cases complicated by enterotoxemia and 
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FIGURE 41-4 Malocclusion of incisors in a 
rabbit. (From Miloro M, Miller JJ, Stoner JA: Low 
level laser effect on mandibular distraction osteo- 
genesis. J Oral Maxillofac Surg. 65(2):168-176, 
2007.) 


bacterial enteritis. Brushing the hair may be useful in preventing 
exacerbation of the problem, and supplemental heat may be required 
in cases of hypothermia. 


Antibiotic-Related Toxicities 


Diarrheal disease is common in rabbits and frequently results from 
alterations in the balance of intestinal microflora, or dysbiosis, ranging 
from mild changes causing soft stools, to pathogenic bacterial over- 
growth with more significant enteritis, to life-threatening enterotox- 
emia.”” Gut flora is sensitive to any type of environmental change. 
Frequent causes of dysbiosis include poor diet, hypomotility, stress, 
toxins, and antibiotic use. Indiscriminate antibiotic use, particularly 
with narrow-spectrum agents that selectively target beneficial gram- 
positive organisms (penicillins, amoxicillin + clavulanic acid, cepha- 
losporins, ampicillin, clindamycin, lincomycin), creates optimal 
conditions for overgrowth of pathogenic species. 

Overgrowth of Clostridium spiroforme in rabbits causes an often- 
fatal enterotoxemia from elaboration of bacterial toxin. Adults with 
dysbiosis may develop enterotoxemia, but weanlings are most sus- 
ceptible because of their poorly established flora and high gastric 
pH. Newborns may also develop toxemia from toxin secreted into 
the milk of infected mothers. In acute infections, rabbits develop 
watery diarrhea, possibly with blood, that soils the perineum and 
the legs. The animals become anorexic and decline over 2 to 4 days 
into a moribund state, with hypovolemic shock leading to death. On 
necropsy, the cecum, the primary reservoir for bacterial growth, is 
often seen covered with petechial and ecchymotic hemorrhage that 
may spread into the appendix and proximal colon. The mucosa may 
also contain hemorrhage, thick mucus, gas, or pseudomembranes. 

Treatment of dysbiosis, enteritis, or enterotoxemia involves 
aggressive supportive care and correction of hypomotility, as was 
discussed above. Correction of dehydration and nutritional deficien- 
cies is critical as is providing a warm, safe environment and adequate 
analgesia. For cases of enteritis caused by bacterial overgrowth, fecal 
bacterial culture and sensitivity may be helpful to guide antiobiotic 
therapy with broad-spectrum agents, including trimethoprim- 
sulfamethoxazole (30 mg/kg, PO, q12h) or enrofloxacin (15 mg/kg, 
PO, q24h). For enterotoxemia, a dual approach of metronidazole 
(20 mg/kg, q12h) and cholestyramine (2 g or 20 mL water, q24h, 
by gavage) may be used to treat Clostridium infection and bind its 
toxin, although C. spiroforme has widespread intrinsic and acquired 
antimicrobial resistance. Preventing dysbiosis with a high-fiber diet 
and reducing stress are key to prevention. 


Malocclusion 


Dental malocclusion is a common presenting problem in pet rabbits. 
Rabbit teeth are elodont (continuously growing or erupting), ara- 
dicular (open rooted), and hypsodont (long crowned), and contain 
incisors and cheek teeth (premolars and molars).’ Without the 
regular wear provided by a coarse, abrasive, high-fiber diet, molar 
crowns elongate and develop sharp points and edges. Buccal 


ulcerations generally form along the upper arcades and lingual ulcer- 
ations along the lower arcades. Eventually, continued growth inhibits 
normal mouth closure. Congenital deformities may also result in 
malocclusion and produce dental disease at several months of age. 
In rabbits with mandibular prognathism, most commonly seen in 
dwarf rabbits, misalignment causes overgrowth of unopposed inci- 
sors, with upper incisors curving inward and upward toward the 
roof of the mouth and lower incisors curving outward and upward, 
sometimes into the upper lip or nose (Figure 41-4). 

Clinical signs of primary dental disease include anorexia, dyspha- 
gia, excessive salivation and drooling, weight loss, emaciation, and 
changes in fecal appearance and quantity. The presence of facial 
masses, excessive swelling, exophthalmos, and purulent nasal dis- 
charge suggest secondary infection or abscess formation. Rabbits 
with anorexia or dysphagia from a systemic disease or those with 
ocular disease restricting feeding may develop secondary dental 
disease. Diagnosis requires a routine physical examination, includ- 
ing a thorough oral examination of the incisors, cheek teeth, periapi- 
cal structures, bone, tongue, and oral mucosa. Complete dental 
examinations require extraoral radiographic studies from multiple 
projections (lateral, oblique, ventrodorsal, rostrocaudal) using high- 
definition (mammography) film, as well as a thorough examination 
with the rabbit under anesthesia, assisted by oral endoscopy, when 
available. Diagnosis of periapical disease and abscess may be aided 
by CT, when available. Dental correction involves shortening of 
overgrown teeth, restoring the occlusal plane, extracting any dis- 
eased teeth, and treating abscessation. 

Periapical infection, abscessation, osteomyelitis of the surround- 
ing bones, or all of these issues are common sequela in rabbits with 
dental disease. Treatment typically requires extraction, opening and 
excising an entire abscess capsule, careful debridement of bone, 
marsupialization with secondary closure, and packing the surgical 
site. Antibiotic therapy should be based on culture and sensitivity 
results and may include combinations of oral and injectable agents, 
as well as impregnated beads. Surgical treatment must be combined 
with medical therapy to manage pain, restore health (hydration, diet 
correction), minimize infection, and minimize the risk of postopera- 
tive GI stasis. 


Neurologic Conditions 


The most common cause of posterior paralysis of acute onset in 
domestic rabbits is vertebral fracture (generally at the seventh lumbar 
vertebra) or luxation.’ The injury often results from improper han- 
dling but also may occur in caged rabbits that are startled or fright- 
ened. The clinical diagnosis of posterior paresis or paralysis is 
confirmed radiographically. If treatment is delayed, rabbits with 
broken backs may become azotemic because of urine retention, so 
supportive therapy should include manual expression of urine from 
the bladder. Occasionally, mildly affected rabbits respond to conser- 
vative medical management if the spinal cord is not transected. 
Euthanasia often is indicated. 


Zi 
FIGURE 41-5 Uterine adenocarcinoma causing a mineralized caudal 
abdominal mass in an 8-year-old rabbit. 


In addition to trauma and infectious and parasitic agents, other 
health problems in rabbits include neurologic signs associated vvith 
lead poisoning, rabies, herpes simplex virus, fipronil toxicosis, preg- 
nancy toxemia, and heat stroke.” 


Urogenital Diseases 


Rabbit urine is turbid and may vary in color from yellow-orange to 
red-brown.’ The color is caused by porphyrin pigment or a food- 
related metabolite. Pathologic conditions can be ruled out by use of 
a urine dipstick to determine if blood is present. Thick, white urine 
in domestic rabbits is not uncommon, however, and indicates the 
presence of mineral precipitates. Unlike other mammals, calcium 
absorption and blood calcium concentration are related directly to 
dietary calcium in rabbits. 

Dysuria and hematuria may occur in domestic rabbits and gener- 
ally are associated with cystitis, cystic calculi, or uterine adenocarci- 
nomata. Cystic calculi (usually composed of calcium carbonate) 
occur in male and female rabbits. Diagnostics include urine dipstick, 
urinalysis, CBC, chemistries, culture, radiography, and ultrasonog- 
raphy. Measuring blood calcium concentrations (often as high as 19 
milligrams per deciliter [mg/dL]) in rabbits excreting large amounts 
of urinary calcium is significant. Treatment may include antibiotics 
(trimethoprim-sulfamethoxazole, chloramphenicol, etc.), manual 
expression of urine from the bladder (possibly catheterization), fluid 
therapy, surgery, and modification of the diet. Cystic calculi may be 
removed surgically. To help prevent calcium sediment or calculi in 
the bladder, feeding rabbits an appropriate diet (i.e., a diet that does 
not contain an excess amount of calcium) is important. 


Uterine Adenocarcinoma 


Decreased litter size in domestic does 3 years of age or older may 
indicate developing uterine adenocarcinoma (Figure 41-5), the most 
common neoplasm of female domestic rabbits. ”” Adenocarcinomas 
rarely occur in does younger than 3 years of age; however, the inci- 
dence in rabbits older than 3 years ranges from 50% to 80% in 
certain breeds. Endometriosis, endometritis, and papillary, cystic, or 
adenomatous hyperplasia may precede the neoplasm. In rabbits, 
uterine adenocarcinoma is a slow-growing tumor with a 5- to 
24-month clinical course. Metastasis occurs late in the clinical course 
of the disease. Clinical signs are usually inapparent during the hyper- 
plastic stages, although decreased reproductive performance, hema- 
turia or a bloody discharge from the vaginal area, cystic mastitis, or 
an increase in aggressiveness may be noted in some does. Ovario- 
hysterectomy is the recommended treatment and is successful if 
done before metastasis has occurred. The prognosis is poor if metas- 
tasis has occurred. 
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CHAPTER 2 


Rodentia 


Enrique Yarto-Jaramillo 


BIOLOGY 


Rodentia, being represented by nearly half of all placental mammals, 
is therefore the most diverse animal order comprising 2277 species 
divided into 33 families. Phylogeny at the family level is still being 
debated, and more molecular and morphologic studies are needed.” 
Rodent classification is based on morphologic features according to 
two different systems. Brandt has divided rodents on the basis of the 
position of masticatory muscles (masseters) into three suborders: 
Myomorpha, Sciuromorpha, and Hystricomorpha, whereas Tull- 
berg has divided rodents into two suborders known as Sciurognathi 
and Hystricognathi, according to the position of incisors and the 
angle of the jaw.’ Box 42-1 describes the current classification of the 
order Rodentia. 


Classification 


Nonetheless, molecular analyses have placed rodents into seven 
clades: (1) Anomaluromorpha (scaly-tailed flying squirrels, spring- 
hares); (2) Ctenohystrica (gundi, porcupines, guinea pigs); (3) Cas- 
toridae (beavers); (4) Geomyoidea (pocket gophers, pocket mice); 
(5) Myodonta (rats, mice, jerbos); (6) Gliridae (dormice); and (7) 
Sciuroidea (mountain beavers, squirrels, woodchucks). 

More recent studies have performed phylogenetic reconstructions 
that allow the division of those seven clades into three lineages: (1) 
a “squirrel-related” clade (Sciuriodea and Gliridae); (2) a “mouse- 
related” clade (Anomaluromorpha, Castoridae, Geomyoidea and 
Myodonta); and (3) Ctenohystrica. 


GEOGRAPHIC DISTRIBUTION 


Rodents are naturally found in all continents except Antarctica, 
inhabiting diverse environments with different living adaptations 
such as semi-aquatic, terrestrial, arboreal, fossorial, jumping, and 
gliding.” 

Rodents may be found from the high arctic tundra to equatorial 
rain forests, temperate bogs and swamps to hot arid deserts, 


mountain tops to sandy canyon bottoms.” In South America, rodents 
are the most numerous in species and in abundance compared with 
other continents, corresponding to approximately 44% of the total 
amount of native mammals. °° 

In Australia, all of the more than 60 species of rodents belong to 
the family Muridae, which is the most widespread of all mammalian 
families in this continent. In recent literature, five groups of rodents 
(Pseudomys, Uromys, Hydromys, Xeromys, and Pogomomys) are fre- 
quently called the “Old Endemics,” referring to the groups that 
entered Australia at the very end of the Miocene period, approxi- 
mately five million years ago. True rats are often referred to as the 
“New Endemics,” since they arrived in Australia around one million 
years ago.” Sixteen of the extant Australian rodents are currently 
threatened (International Union for the Conservation of Nature 
[UCN], 2006), all belonging to the Old Endemics.° 


UNIQUE ANATOMY 


In general terms, rodents are characterized by small and compact 
bodies that are cylindrical to spherical in shape, and short legs; they 
weigh from less than 10 grams (g) to more than 66 kilograms (kg). 
Hamsters and other rodents have extensive distensible cheek pouches 
(evaginations of the oral mucosa) that are used to carry food, bedding 
material, and occasionally the young. Gerbils possess strong claws 
for burrowing and muscular legs for jumping and standing.”’ Chin- 
chillas have soft fur with 60 hairs per follicle; on either side of the 
upper lip, they have long vibrissae that are used as sensory organs. 
Duprasi (Pachyuromys duprasi) have developed claws on the front 
feet and a fleshy tail. Degus are similar anatomically to both guinea 
pigs and chinchillas. Guinea pigs have large tympanic bullae and 
four digits on the forelimbs and three digits on the hindlimbs.”” 
Hamsters, rats, and mice possess four front toes and five hind toes. 
Porcupines have a distinct integument feature as modified hairs 
that are stiff spines known as barbed quills among guard hairs on the 
back and tail. Porcupines also have thin skin that will tear with the 


BOX 42-1 Order Rodentia 


Suborder 
Anomaluromorpha 


Family 

Anomaluridae: scaly-tailed squirrels 

Pedetidae: springhares 

Superfamily Castoroidea 

Castoridae: beavers 

Superfamily Geomyoidea 

Geomyidae: pocket gophers (true gophers) 

Heteromyidae: kangaroo rats and kangaroo 
mice 

Family incertae sedis Diatomyidae: 
Laotian rock rat 

Infraorder Ctenodactylomorphi 

Ctenodactylidae: gundis 

Infraorder Hystricognathi 

Bathyergidae: African mole rats 

Hystricidae: Old World porcupines 

Petromuridae: dassie rat 

Thryonomyidae: cane rats—Parvorder 
Caviomorpha 

Heptaxodontidae: giant hutias 

Abrocomidae: chinchilla rats 

Capromyidae: hutias 

Caviidae: cavies, including guinea pigs and 
the capybara 

Chinchillidae: chinchillas and viscachas 

Ctenomyidae: tuco-tucos 

Dasyproctidae: agoutis 

Cuniculidae: pacas 

Dinomyidae: pacaranas 

Echimyidae: spiny rats 

Erethizontidae: New World porcupines 

Myocastoridae: nutria, coypu 

Octodontidae: octodonts 

Superfamily Dipodoidea 

Dipodidae: jerboas and jumping mice 

Superfamily Muroidea 

Calomyscidae: mouse-like hamsters 

Cricetidae: hamsters, New World rats and 
mice, muskrats, voles 

Muridae: true mice and rats, gerbils, spiny 
mice, crested rat 

Nesomyidae: climbing mice, rock mice, 
white-tailed rat, Malagasy rats and mice 

Platacanthomyidae: spiny dormice 

Spalacidae: mole rats, bamboo rats, and 
zokors 

Aplodontiidae: mountain beaver 

Gliridae (also Myoxidae, Muscardinidae): 
dormice 

Sciuridae: squirrels, including chipmunks, 
prairie dogs, & marmots 


Castorimorpha 


Hystricomorpha 


Myomorpha 


Sciuromorpha 


*From Latin, rodere, to gnaw. 
Classification according to Carleton M.D. and Musser G.G. (2005). 


slightest pressure.”” Some rodents such as hamsters have flank glands 
in the form of dark brown patches, which are used to mark their 
territory and as sexual stimulation. 

Several tail adaptations are present in rodents for a wide variety 
of functions: fat storage in rock rats (Zyzomis spp.), a long tail pro- 
viding balance when hopping in some mice (Notomys spp.), and the 
ability to shed tail skin when seized by a predator in hopping mice, 
or a prehensile tail to aid in climbing in the prehensile-tailed rat 
(Pogonomys spp.).° 
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All rodents possess two pairs of continuously growing incisors 
that confer the ability to gnaw, as well as a monophyodont dentition 
(no primary teeth are present). They also have a diastema space 
with no teeth between incisors and molars on each dental arcade. 
Rodents are divided in two groups on the basis of dentition. Denti- 
ion in Muridae (mice, rats, hamsters, and gerbils), Sciuridae, Cas- 
oridae, Erethizontidae, and Myocastoridae is classified as elondont 
(grow continually) only for the incisor and as brachydont (closed- 
rooted) for the molars.’' The brachydont group of rodents consumes 
diets that are high in caloric energy and not sufficiently abrasive, so 
their teeth are low crowned with well-rooted premolars and molars. 
The second group, hystricomorph rodents (“porcupine-like”), 
including guinea pigs, chinchillas, degus, New World porcupines, 
agoutis, and others have all teeth open-rooted which grow continu- 
ally.’ This group comprises herbivorous rodents whose teeth have 
evolved to grind abrasive more voluminous diets, as their teeth have 
large chewing surfaces.” 

The dental formulas of rodents vary according to different taxo- 
nomic families, although in general terms they possess four incisors 
(D, no canines (C), few premolars (P), and 8 to 12 molars (M). Old 
world rats and mice (Muridae) have 16 teeth (2 I 1/1, C 0/0, P 0/0, 
M 3/3), whereas squirrels (Sciuridae) have 20 to 22 teeth (2 1 1/1, 
C 0/0, P 1-2/1, M 3/3). Other rodent families (Caviidae [guinea pigs]; 
Chinchillidae [chinchillas]; Hydrochoeridae [capybaras] and Casto- 
ridae [beavers]) possess 20 teeth (2 I 1/1, C 0/0, P 1/1, M 3/3).” 

Rodents do not possess canine teeth, and the Australian species 
also lack premolars, so the dental formula for these later rodent 
species is: I 1/1, C 0/0, P 0/0, M 2-3/2-3.° Voles are an intermediate 
group with variation in crown length between species. Incisors in 
rodents differ from other teeth. Enamel is primarily present on the 
labial surface and is deposited unevenly. The enamel of most common 
rodents is white, but some species (chinchillas, hamsters, and others) 
may have enamel that is orange to yellow in color. 

Rodents have a simple stomach with glandular portions, whereas 
hamsters and other rodent species possess a nonglandular portion 
(pars cardiaca) or forestomach and a glandular stomach (pars pilo- 
rica). Rats have no gallbladders. 

In agoutis (Agouti paca), guinea pigs (Cavia porcellus), coypus 
(Myocastor coypus), and capybaras (Hydrochoerus hydrochahaeris) 
lung anatomy is well described, which might be useful for clinicians 
to diagnose the location of pulmonary disease and when performing 
necropsies. ° 

The urinary and reproductive tracts terminate in separate urethral 
and vaginal orifices in the female. Small rodents are spontaneous 
ovulators and are polyestrous. Chinchillas have two cervixes and two 
uterine horns. In most female rodents of both suborders, the genital 
opening is opened only during the heat season, after parturition, and 
when an infection occurs.*® 

Most male rodents have open inguinal canals, an os penis, and 
a complex urogenital system that contains prominent accessory 
glands.”” Males of the Dasyproctidae family possess a pair of keratin- 
ized lateral accessory structures on the glans in the form of “vvings.”” 

The testes usually lie in the scrotum in the breeding season; 
however, in porcupines, agoutis, chinchillas, cavies, and capybaras, 
testes lie in the inguinal canal, so no true scrotum is present in these 
species. A distinct scrotal sac is absent in prairie dogs. One of the 
most important features to consider in rodent breeding is the preco- 
cial nature of the youngsters in the suborder Stricognatha, whereas 
they are altricial in the suborder Scuirognatha.** 

Prairie dogs possess a unique anatomic feature: trigonal anal sacs, 
which are ducts that appear as white papillae beside the anus.” 

Female house mice have five or more pairs of teats, whereas 
female Australian native mice have only two pairs of teats, located 
in the inguinal region.” 


t 
t 


PHYSIOLOGY 


Tables 42-1 through 42-3 provide biologic information on New 
World and Old World rodents. 
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TABLE 42-1 
Common Name Hamster Guinea Pig Rat Mouse Chinchilla Prairie Dog 
Scientific name Mesocricetus Cavia porcellus Rattus Mus Chinchilla Cynomys spp. 
auratus norvegicus musculus lanigera 
Family Cricetidae Cavidae Muridae Muridae Chinchillidae Sciuridae 
Longevity (years) 1.5-2.0 4.0-5.0 2.5-3.5 1.5-3.0 10-20 6-10 
Weight (adults): Male 85-130 grams (g) 900-1200 g 450-530 g 20-40 g 400-500 g 0.5-2.2 g 
Female 95-150 g 700-900 g 250-300 g 25-40 g 400-600 g Males larger than 
females 
Geographic distribution Middle East Brazil, Argentina, Worldwide Worldwide Peru, Bolivia, North America 
Peru, and Chile, 
Uruguay Argentina 
Dental formula Incisor (1) 1/1, | 1/1, premolar 11/1, M 3/3 11/1, M 3/3 | 3471 P 171, I 1/1, P 1⁄1, M 3/3 
molar (M) 3/3 (P) 1⁄1, M 3/3 M 3/3 
Water consumption 20 10 10-12 15 Varies, depending on 
milliliter per 100 gram captive diets 
body weight per day 
(mL/100 g BW/day) 
Food consumption 15 6 10 15 3-6 Calorie consumption 
(g/100 g BW/day) varies throughout 
the year 
Rectal temperature ° C 37-38 37.2-39.5 35.9-37.5 36.5-38.0 37-38 35.3-39.0 
Heart rate (beats per 250-500 230-380 250-450 325-780 100-150 83-318 
minute) 
Respiratory rate (per 35-135 40-100 70-115 60-220 40-100 40-60 
minute) 
Blood volume milliliter 78 69-75 57-70 76-80 = 60-90 


per kilogram (mL/kg) 


Adapted from References 27, 28, 33, and 48. 


Rodents do not pant and have no sweat glands, so their ability 
to withstand high temperature is very limited. Hamsters, chipmunks, 
and prairie dogs are permissive hibernators. Other rodents such as 
woodchucks (Marmota monax) do hibernate, presenting an annual 
cycle of changes in metabolic function during the winter. When 
ambient temperatures reach 5°C (41°F), they curl up and enter a 
deep sleep.” Prairie dogs may enter a dormant period in inclement 
weather and tend to gain weight in the autumn as the light cycle and 
temperature decrease.”” 

Rodents are monogastric, and most practice some degree of 
coprophagy or cecotrophy, a behavior that involves ingestion of 
pellets of digestive origin taken directly from the anus, for two 
reasons: (1) to repopulate the intestinal tract vvith bacterial flora and 
(2) to absorb amino acids and vitamins B and K synthetized by those 
microbes. 

Cavies, chinchillas, porcupines, voles, beavers, capybaras, lem- 
mings, and muskrats and other rodents all have complete glandular 
stomachs, are strict herbivores, and are cecotrophic. They have a 
prominent cecum and an elongated colon and are hindgut fermen- 
ters, bacterial and protozoal fermentation aids in the digestion of 
cellulose.” 

Carnivorous species such as the water rat (Hydromys chrysogaster) 
have a relatively small stomach, with most (74%) of this organ being 
composed of glandular tissue.° In rats and hamsters, a muscular 
sphincter limiting the esophagus and stomach prevents these species 
from vomiting. Insectivorous rodents (grasshopper mice, Onychomys 
sp., burrowing mice, Oxymycterus sp.) have unpocketing and special 
glandular areas in the stomach.” 

Rodents in the family Muridae and Cricetidae are omnivorous 
and coprophagic and have a simple stomach, small intestine, and 


modest development of the colon and cecum, all of which permits 
some degree of retention of ingesta for fiber fermentation. 

Smell is probably the most important sense in most rodents, since 
the reproductive cycle, sexual attraction, and parental care are influ- 
enced by the acrid odors from glandular secretions. In dasyproctids, 
a pair of glandular structures in the perianal area secrete acrid odors 
to mark territory and as a means of sexual communication.”” 


SPECIAL HOUSING REQUIREMENTS 


Being such a diverse animal group, rodents have different housing 
requirements, and most are nocturnal. Among nocturnal rodents, 
we find the following families: Pedetoidae, Hystricidae, Castoridae, 
Agoutidae, Chinchillidae, and Dinomyidae.”’ 

Australian rodents may be arboreal, terrestrial, aquatic, and bur- 
rowing. Rodents are agile and fast, jump high, burrow, and gnaw, 
and it is of utmost importance to consider these adaptations when 
designing an enclosure for this animal group, particularly with 
regard to cleaning.° Rodents have been housed singly, in pairs, or in 
harem groups, although some of them do well in groups, as they are 
social animals living in large communities in the wild (prairie dogs 
and capybaras).**** 

Diurnal species of rodents include Sciuridae, Caviidae, Myocas- 
toridae, Dasyproctidae, and Octodontidae. Capybaras are crepuscu- 
lar rodents that live in groups of more than 20 animals, with a 
dominant male and several females.** Agoutis and acouchis (Myo- 
procta achouchy) are examples of South American terrestrial rodents, 
and coypus (Myocastor coypus) capybaras and beavers are aquatic 
species.” Australian rodents are mainly nocturnal or crepuscular, so 
for display purposes, reversed light cycles are used. It is worthy to 
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TABLE 42-2 

Longevity Weight (adults) Geographic 
Common Name Scientific Name Family (years) (both sexes) Distribution 
Capybara Hydrochoerus Caviidae 12 30-100 kg Central and South America 

hydrochaeris 
Agouti Dasyprocta spp. Dasyproctidae 18 3-6 kg Central and South 
America 
Acouchi Myoprocta achouchy Dasyproctidae 10 0.6-1.3 kg South America 
Patagonian hare Dolichotis patagonum Caviidae 10 9-16 kg Argentina, Paraguay, Bolivia 
Rock cavy Kerodon rupestris Caviidae 11 1 kg Endemic to eastern Brazil 
New World porcupine Sphiggurus spp. Erethizontidae 12 1.1-1.3 kg South America 
Coendou Coendou spp. Erethizontidae 12 1.5-2 kg Central and South America 
Lowland paca Cuniculus paca Cuniculidae 16 6-13 kg Tropical America, Mexico to 
Argentina 
Pacarana Dinomys branickii Dinomyidae 10 10-15 kg Brazil, Bolivia, Colombia, Venezuela 
Coypu Myocastor coypus Myocastoridae 15 7-10 kg South America 
Viscacha Lagostomus maximus Chinchillidae 9 5-8 kg Argentina, Bolivia, and Paraguay 
Ingram's squirrel Sciurus ingrami Sciuridae 15 0.25 kg South America 
Crested porcupine Hsytrix spp. Hystricidae >20 17-30 kg Southern Europe, Asia, and Africa 
Woodchuck Marmot monax Sciuridae 15 3-7 kg North America 
Beaver Castor spp. Castoridae >20 9-30 kg North America, Eurasia 
Springhaas Pedetes capensis Pedetoidae 15 4.0 kg Southern and Eastern Africa 
Muskrat Ondatra zibethicus Cricetidae 6 0.5-1.8 kg Native to North America, 
Introduced worldwide 

Gray squirrel Sciurus carolinensis Sciuridae 20 0.4-0.7 kg North America, U.K. (introduced) 
Giant squirrel Ratufa spp. Sciuridae 19 1.5-2.0 kg Southeast Asia, India 


Adapted from references 27, 28, and 48. 


TABLE 42-3 


Spinifex 

Common Name Hopping Mouse Water Rat Plains Rat 

Scientific name Notomys spp. Hydromys Pseudomys 
chrysogaster australis 

Family Muridae Muridae Muridae 

Longevity (years) 3-5.5 2-6 2-3 

Weight (adults) 27-45 340-1275 50-80 

Geographic Australia Australia Australia 

distribution 


pes —ç€ce...,.,..4.— ——... 
“The physiological parameters of Australian native rodents are likely to be 
similar to those of domestic rodents. ° 


mention, however, that some rodent species in captivity show a 
partial shift from nocturnal activity to diurnal activity.” 

Species of terrestrial (prairie dogs) or arboreal (common dor- 
mouse, Muscardinus avellanarius) rodents that hibernate or esti- 
vate (Sciuridae, Castoridae, Hystricidae, and Chinchillidae) require 
burrows, nest boxes, and even hollow logs or other types of 
materials.” 

Shelter and nest boxes should include rock shelters, tussock 
grasses, and plastic boxes.° For some smaller species of rodents 


(hamsters, degus, duprasi, chipmunks, prairie dogs), it is advisable 
to provide deep bedding made of materials such as newspaper, 
shredded recycled paper pellets, or hardwood shavings for digging 
and tunneling. Sawdust or sand makes a good substrate for energetic 
burrowers. Coarse sand may be abrasive, so fine-grained sand is 
recommended.” The printing ink in newspapers is toxic to 
hamsters.”*”! 

The design of enclosures for rodents depends on the species. 
Enclosure size must reflect the natural behaviors of the species 
(arboreal or terrestrial).° For domesticated rodents, a minimum space 
of 0.9 square meters (m?) per adult (guinea pigs, chinchillas) is 
recommended. Cages must be made of strong metal, not wood, and 
should not be larger than 2.5 centimeters (cm), and have fine wire 
meshing to prevent foot and limb injury. The cage should have a 
metal support structure, with part of the floor being solid. For 
smaller terrestrial species, a floor space of 50 x 40 cm is recom- 
mended, and for larger terrestrial species such as Australian greater 
stick-nest rat (Leporillus conditor), the minimum recommendation is 
200 x 200 cm.””” The cage must be spacious enough for exercise 
and grazing, according to each species’ needs, requiring both hori- 
zontal and vertical space with multi-levels and shelves (for chinchil- 
las, New World porcupines, and many zoo rodents). Vertical 
space of up to 2 m is recommended for some arboreal species, and 
Australian water rats (Hydromys chrysogaster) require a minimum 
space of 300 x 300 cm and a pond of 100 x 100 x 50 cm depth.” 
Many species of zoo rodents burrow, so to prevent escapes from 
outdoor facilities, it is recommended that the fence be strong, made 
of concrete or chain-link, and have foundation at least 1 m below 
ground.” 
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Some rodent species (chinchillas, guinea pigs) are prone to heat 
stroke at temperatures higher than 25°C and high humidity (56096). 
The preferred housing parameters for these species are environmen- 
tal temperature between 10°C and 24°C and 30% to 60% humid- 
ity.’ Enclosure location must be based on environmental temperatures 
and ventilation, so enclosures should not be placed in direct sunlight 
coming in through a window to prevent overheating.” 

To avoid buildup of ammonia, enclosures must be well ventilated 
and easy to clean. Frequency of cage cleaning varies according to 
he density of animals, substrate type, and levels of stress that the 
animals inside the enclosure experience with this activity. 

Porcupines are very sensitive to high environmental tempera- 
ures. Shade should be provided in extreme weathers (hot and 
humid days). Cold and damp conditions are also detrimental for this 
and other tropical rodent species. Maintaining appropriate condi- 
ions in the enclosure is advised. For most small rodent species a 
normal light cycle (14-hour light, 10-hour dark) is advised.” 

It is important to note that Dasyprocta species prefer eating on 
elevated surfaces or under and within vegetation, so food items must 
be placed accordingly for captive agoutis.” Furniture for rodent 
cages or enclosures also depends on the species housed indoors or 
outdoors and includes exercise wheels, apple or maple branches, 
PVC pipes and fittings, materials for gnawing, ponds and pools 
(muskrats, capybaras, beavers, coypus). In captivity, beavers (Casto- 
ridae) need a pool with tree branches to build a lodge. Coendus, 
squirrels, chinchillas, and New World porcupines are arboreal and 
require enclosure furniture that allows them to climb. 

Some rodents (Patagonian cavies, agoutis, acouchis) may jump 
up to 2 m, so enclosure walls must be tall enough to prevent escape. 
Double doors with secure locking mechanisms are recommended 
or zoo rodents.” Species of Australian rodents from arid 
habitats tend to nest communally, whereas most species of southern 
Australia and tropical forest live in smaller groups or are solitary, and 
his must be considered when designing enclosures for these types 
of rodents.° 


FEEDING 
Diets of Free-Ranging Rodents 


Diets for free-living rodents are as diverse as this animal order. Many 
rodents consume digestible foods such as nuts and seeds, but other 
rodents may depart from the omnivorous pattern. ' The rodent gas- 
trointestinal (GI) tract shows great diversity, indicating specialization 
for a variety of diets. 
Rodents have herbivorous and carnivorous feeding adaptations, 
although the majority of rodents are omnivorous. Capybaras, rock 
cavies, and chinchillas in the wild feed preferentially on plants, 
grasses, and barks of small shrubs and bushes. Their natural diet is 
high in fiber and low in energy content. Capybaras, coypus, and 
beavers feed preferentially on aquatic plants, which are eaten in the 
water.’ Agoutis and acouchis in the wild eat shoots, flowers, fruits, 
fungi, and roots, whereas coendus, New World porcupines, and 
squirrels, which are arboreal, feed on leaves, flowers, shoots, and 
palm tree fruits at tree canopies.*® 
However, evidence supports the classification of the Dasyprocta 
species as a frugivore. Dasyprocta leporine is reported to have a 
wild diet of 87% fruit, 6% animal matter, 4% fibrous foods, and 
2% leaves. Currently, any evidence of cecotrophy in agoutis is 
lacking.” 
Wild prairie dogs eat grasses, prairie herbs, and weeds. Under 
natural conditions, prairie dogs have shown three deviations from 
herbivory: (1) They consume fresh and old scats of American bison; 
(2) these rodents sometimes also eat insects such as cutworms (Noc- 
tuidae) and ground beetles (Carabidae), and short-horned grass- 
hoppers (Acrididae); and, (3) prairie dogs sometimes cannibalize 
other prairie dogs that have died of natural causes or other unweaned 
prairie dogs.” 
In the wild, Patagonian cavies consume vegetation and fruits. 
They consume leaves of monocot species (70%) and dicot species 


(30%). Monocot species include Chloris, Pappophorum, and Trichloris, 
and the perennial dicots include Atriplex lampa, Lycium, and Propsis. ” 

Desert-living rodents eat succulent plants in the wild to obtain 
heir water supply. Duprasi are omnivorous and eat a considerable 
amount of insects. Degus in the wild consume herbaceous foliage 
(60% by volume), with young plants and new leaves preferred over 
mature plants. Grasses and some seeds seasonally make up the 
remainder of their diet.” The diet of tree squirrels (two genera, 
Sciurus spp. and Tamiasciurus spp.) is predominantly seeds (includ- 
ing nuts), fruits, buds, leaves, bark, and fungi. These rodents some- 
imes eat invertebrates such as beetles, caterpillars, and the larvae of 
various insects.” 

Flying squirrels preferentially consume hypogeous mycorrhizal 
ungi (truffles) over other food items. They also feed on mast-crop 
nuts, tree sap, insects, carrion, bird eggs and nestlings, buds, and 
lowers.~° 

Australian water rats are carnivorous, and their natural diet con- 
sists of fish, yabbies, prawns, and mollusks, whereas central rock 
rats are granivorous, and bush rats (Rattus fuscipes) eat a great variety 
of food items such as fungi, leaves, insects, and seeds in nature.” 


Diets of Captive Rodents 


To meet the nutritional and behavioral requirements of a particular 
rodent species in captivity, it is best to provide a varied diet that 
reflects the natural diet.” 

For domesticated rodents, many different commercial diets are 
available, although pelleted complete feeds are preferred over prod- 
ucts that contain a mix of seeds and grains. Fiber digestibility in 
Patagonian cavies is apparently similar to that of guinea pigs, 
although the digestibility of crude protein and ash is reported to be 
lower in Patagonian cavies. Even though Patagonian cavies are 
closely related to coprophagous guinea pigs, it is not clear whether 
the cavies are coprophagous as well.” 

Adapted diets for herbivorous zoo rodents contain a mixture of 
rodent pellets; high-fiber herbivore pellets (acid detergent fiber 
higher than 30%), which are low in starches and soluble carbohy- 
drates, low in protein, and high in indigestible fiber; and grasses, 
vegetables, hays, and small amounts of fruits (Eduardo Valdés, per- 
sonal communication). Bermuda-grass, brome, fescue, and timothy 
hay are examples of nutritious foods that may be offered to 
captive rodents.” Clover and alfalfa hays are not recommended for 
some rodents (guinea pigs) because of their high calcium content, 
which may lead to calcification within the renal system in adult 
rodents. ° 

Diets of Patagonian cavies in zoo settings have been reported to 
consist of commercially produced rodent or primate chow diets, with 
the addition of leafy greens as the largest proportion, and some 
fruits.” (It should be noted that primate chows, when used, should 
consist of higher-fiber and low-soluble carbohydrates.) 

Excessive levels of some fruits and vegetables (e.g., citrus fruits) 
may lead to GI disturbances in some rodent species, and excessive 
levels of high-energy foods (sunflower seeds, dog and cat food) may 
lead to obesity and nutritional imbalances.” The high proportion of 
seeds and nuts in the diets of wild Dasyprocta indicate the need for 
he selection of foods higher in energy and lower in water conten 
or captive animals to ensure sufficient protein and fats in the diet.” 
Dietary fiber levels for wild Dasyprocta are apparently consistent 
year-round. In captive agoutis, the suggested level of dietary crude 
fiber for a 2.7-kg animal is 157 g crude fiber per kilogram dry matter 
(DM) feed.” It must be remembered that high-fiber hays and grasses 
are crucial for captive rodents to ensure normal GI tract function, 
eeth wearing, and overall health, so they must be provided ad 
ibitum on a daily basis..””” Rodents should be provided with suit- 
able objects to gnaw to allow normal behavior and reduce the inci- 
dence of dental disease. ° 

Vitamin and mineral supplements are not required if a balanced 
(varied) diet is supplied to captive rodents. Unlimited access to clean, 
fresh water should be ensured for all rodents in captivity, even for 
desert-living species. 


Unique Nutritional Requirements 


Guinea pigs and other members ol the family Caviidae (capybaras) 
are incapable o[ endogenous synthesis of vitamin C (ascorbic acid), 
since they have a mutated gene for L-gulono-g-lactone oxidase. This 
enzyme prevents the conversion of L-gulonolactone to L-ascorbic 
acid. Thus, the provision of supplemental vitamin C is an impor- 
tant component of the dietary management of guinea pigs in 
captivity. 

Classification of Dasyprocta species as omnivores supports endog- 
enous ascorbic acid synthesis. A study on the biosynthesis of ascorbic 
acid in the acouchi and agouti further supports endogenous ascorbic 
acid synthesis in Dasyprocta.” 


RESTRAINT AND HANDLING 


Interesting and useful information, including respiratory rate and 
effort, overall behavior, and gait, may be obtained by examining the 
rodent as it moves around on the examination table.” Some rodent 
species may also become stressed and collapse during prolonged 
handling, so minimal handling is advised.° 

All rodents, including some kept as pets, tend to bite, and 
improper handling may result in injury to the animal, the handler, 
or both. Also, handling of small rodents may be challenging, and the 
key is to maximize diagnostic information while maintaining the 
safety of both the clinician and the patient.””” 

Pet rodents may often be picked up in the palm of the hand or 

grasped by the tail for transferring or examination.” Unlike domes- 
icated rodents, grasping the tail of many Australian rodents may 
result in the tail skin slipping off or degloving of the tail.° 
Small rodents such as mice, rats, hamsters, gerbils, duprasi, and 
chipmunks may be held around the shoulders and pelvic girdle, with 
he head between the first and second fingers. Firm but gentle pres- 
sure, as needed, may prevent the animal from turning the head back 
o bite, help with performing the examination with the other hand, 
and, above all, avoid inadvertent ocular prolapse.’ 
Guinea pigs are docile animals and may be carried by supporting 
its weight in one hand and cupping its dorsum with the other. 
Chinchillas may be generally handled in the same fashion as guinea 
pigs, but frequently may be removed from a cage by grasping 
and lifting the base of the tail, using the opposite hand to support 
he body.” 

Prairie dogs may have a strong bond with humans or the social 
group. However, if untamed, they may roll quickly and bite, squirt 
musk from the anal sacs, or inflict significant scratches with their 
ong, sharp nails.”” Gloves may be worn when handling prairie dogs 
and other aggressive rodents, but gloves limit feel and do not protect 
he handler against a direct bite.”””” Gloves that protect from the bite 
of a laboratory rodent species may be completely ineffective with a 
wild rodent such as a marmot or a squirrel.'” To handle a prairie 
dog, a small towel may be placed over its head, to prevent biting, 
and then be lifted, as with guinea pigs and chinchillas. 

Degus should be handled in a similar manner to chinchillas, bu 
they seem more inclined to bite. It is advised that degus be restrained 
with a towel or placed on a nonslip surface for examination.”” Smal 
laboratory rodents may be transferred from cage to cage by using 
soft forceps; this same technique is sometimes used for small free- 
living rodents caught in traps.”’ Plastic tubes are sometimes used for 
transporting smaller rodents, conducting examinations, taking radio- 
graphs, or administering anesthesia.” Clear plastic bags may also be 
successfully used to restrain, measure, and sex rodents, with minima 
direct handling.° 

Agoutis and acouchis may be safely restrained by using a sack 
with a metal ring attached to one of the bag ends. This method allows 
the handler to take biomedical parameters while keeping the animal 
relatively calm.“ Most rodent species may be netted with a fine 
mesh, which avoids the entanglement of the claws, and larger species 
such as capybaras, marmots, and woodchucks may be handled by 
using specialized squeeze cages. ” Another option for these and other 
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large rodents is the use of extended nets on the floor on a corridor 
that may be suspended to bag up the animal once it crosses through.*® 
Porcupines offer a unique challenge, since they have sharp quills 
and may move back quickly and with great force when they fee 
threatened. This species also has pathogenic bacteria covering the 
quills. Some authors recommend purpose-built restraint boxes for 
handling porcupines.”” 
Special care is required during handling of some species of 
rodents such as coendus (Coendu mexicana) because of their passive 
defensive abilities. They have modified hair (histriciformes) covered 
by interwoven scales acting as small tabs, and this warrants specific 
mechanics during handling to avoid handler injury. Two techniques 
have proven efficient for handling coendus, depending on the 
purpose for restraining. One technique requires grasping the animal 
by the end portion of the tail (where no quills are present), support- 
ing the hindlimbs on a branch or stick, and exposing the hip mus- 
culature for injection. Another handling alternative is to force the 
coendu to enter a PVC tube, where it is immobilized to allow some 
procedures, including sexing, hand injections, and temperature 
checking. 
Wild rodents in the families Muridae and Sciuridae may be 
rapped by using wire cage traps and metal box traps (Sherman 
raps). Aquatic rodents such as beavers, muskrats, and nutrias may 
be captured in specialized hinged cage traps, called Hancock or 
Bailey traps, or wire cage traps set on land.” Potential zoonotic 
threats (Hantavirus infection, tularemia, lymphocytic choriomenin- 
gitis virus (LCMV) infection, yersiniosis) should be considered when 
handling wild or feral rodents, and use of special protective gear is 
advised.” 
In handling all rodents, care must be taken to prevent inhibition 
of respiration or exacerbation of stress during restraint.””” Nervous, 
distressed, sick, or debilitated rodents benefit from mild sedation for 
examination, diagnostics, and treatment procedures.’ Some rodents 
are prone to “breath holding” when physically restrained, which may 
cause the rodent to develop hypercapnia and bradycardia. In these 
species, it is best to use other methods such as an anesthetic chamber 
for induction.” 


Chemical Restraint 


Basic principles of domestic mammal anesthesiology apply to exotic 
mammals, although the latter have specific features that must be 
taken into account when planning an anesthetic procedure. When 
performed with appropriate equipment and by experienced person- 
nel, chemical restraint reduces stress and the risk of injury.° Accord- 
ing to a recent report, a higher risk of anesthesia-induced mortality 
exists in small exotic mammal species compared with that in dogs 
and cats."! 

Rodents are often catecholamine-driven prey species that are 
more easily stressed, are commonly presented in advanced stages of 
disease (respiratory and nutritional-related issues) with little respira- 
tory and cardiovascular reserve, and have anatomic challenges with 
regard to procedures such as endotracheal intubation and intrave- 
nous access.'* As rodents are primarily obligate nasal breathers, 
rodent anesthesia is sometimes complicated by upper respiratory 
disease such as Streptococcus infection in mice and other rodents, 
hypovitaminosis C and bordetellosis in guinea pigs, chlamydophilo- 
sis and adenovirus infection in several rodent species, pasteurellosis 
and pseudo-odontoma in prairie dogs, and mycoplamosis in rats and 
other rodents of the family Muridae.”””””” These issues may occur 
in association with incisor overgrowth, chronic suppurative peri- 
odontal disease, and dusty or poorly ventilated environments, all of 
which are frequent problems in captive rodents.“ 


ANESTHESIA AND SURGERY 


Chemical restraint is preferable for wild-caught or rarely handled 
individuals if a thorough examination or prolonged procedure is 
necessary Careful planning and preparation of the sedation or 
anesthesia procedure greatly contributes to success. This includes 
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stabilizing the patient prior to the procedure (normothermic, rehy- 
drated, good nutrition state and no metabolic derangements), calcu- 
lating emergency drugs using an emergency drug chart, and preparing 
equipment and supplies (anesthetic drugs, catheters, fluids, anes- 
thetic circuits according to the size of the rodent, with appropriately 
sized bags and masks, surgical equipment, preheated disinfectant 
solutions). ° 

Fasting is not routinely done in small rodents prior to anesthesia, 
since this exhausts glycogen stores and contributes to ileus in guinea 
pigs, chinchillas, and other herbivorous rodents.” Also, it is impor- 
tant to keep in mind that many rodent species cannot vomit, so 
withholding food or water for prolonged periods of time before 
anesthesia is not required. For some rodents, food may be removed 
approximately 1 hour before anesthesia induction to reduce the 
presence of food within the oral cavity. °' 

All rodents should be accurately weighed to ensure correct drug 
and fluid calculations.°'! For all rodents, anesthetic agents that 
provide a rapid recovery, have specific antagonists, and are easily 
adjusted with regard to anesthetic depth are preferred.” 

In rodent species, it is not usually feasible to administer intrave- 
nous anesthetics for induction of anesthesia. However, in zoo 
and pet rodents, intramuscular injections of sedatives, tranquilizers, 
and anesthetics are possible either by hand injection or remote 
delivery. Premedicating the rodent with a sedative is often recom- 
mended, since this allows for a smooth anesthetic induction. Anti- 
cholinergic drugs such as atropine and glycopyrrolate are not 
routinely administered to rodents as a premedication but are admin- 
istered to patients that present bradycardia during the anesthetic 
procedure. 

Neither glycopyrrolate nor atropine influence respiration rate, 
core body temperature, or systolic blood pressure, alone or com- 
bined with injectable anesthetics.”””" However, glycopyrrolate is 
more effective in maintaining heart rate within the normal range 
in rats.” 

Large doses of parasympatholytics may alter GI motility in hind 
gut fermenters, including rodents, so the lowest doses are suggested 
if the use of a parasympatholytic is required.”" 

A balanced approach to anesthesia and analgesia must be taken 
for each animal, including preanesthetic analgesics, anxiolytics, local 
or incisional anesthetics, general anesthetics, and post-anesthesia 
analgesics.”/ Sedatives and tranquilizers may be administered 30 to 
60 minutes before induction via a face mask.” Benzodiazepines 
(diazepam 0.1—5 milligrams per kilogram [mg/kg], intramuscularly, 
intraperitoneally, or orally [IM, IP, or PO]; midazolam 0.1—2 mg/kg, 
IM, IP, or subcutaneously [SC], depending on the rodent species) 
provide good sedation and relaxation in rodents and are useful for 
induction of debilitated patients (midazolam) because of the minimal 
cardiopulmonary effects of these agents.”” Diazepam should only be 
administered IV or PO, although when used IV, the patient must be 
monitored for hypotension caused by the propylene glycol found in 
most diazepam formulations.” 

Because of their intractable natures and the difficulty of handling 
of many exotics and zoologic species, diazepam has been used IM 
and even SC. Erratic responses might occur when using intramus- 
cular and subcutaneous delivery of this benzodiazepine. 

Midazolam, a short-acting benzodiazepine that is water-soluble, 
when injected subcutaneously will decrease the excitability of the 
rodent patient during gas induction. This drug provides adequate 
effective sedation for approximately 1 hour when used in rodents, 
and when administered IM or IV in guinea pigs and other rodents, 
midazolam provides proper sedation for diagnostic procedures 
(e.g., radiography, ultrasonography).”’ It is worth mentioning 
hat cardiorespiratory side effects associated with midazolam are 
minimal, so its use is not limited to healthy animals.*°! The com- 
bination of fentanyl-fluanisone, another sedative used in guinea 
pigs and other small mammals, produces profound sedation and 
analgesia. 7 

miectable anesthesia alone is a practical option for rodents vvhen 
access to the head and neck is required for any procedure. In small 


rodents, injectable anesthesia (IP, IM, or SC) is usually administered. 
Ketamine is one of the anesthetic drugs most commonly used in 
many small and zoo rodents species, usually combined with seda- 
tives and tranquilizers, although intramuscular injection of the 
former and of ketamine plus xylazine has been associated with self- 
mutilation in some species.”””””” Some rodents such as guinea pigs 
have limb movement at ketamine or tiletamine—zolazepam dosages 
expected to produce surgical anesthesia.” Xylazine, medetomidine, 
and dexmedetomidine, which are 0)-agonist drugs, combined with 
ketamine produce muscle relaxation, analgesia, and long duration of 
effect, and these combinations have been used for short-term immo- 
bilization and surgical anesthesia. ° Recent publications indicate that 
midazolam enhances the analgesic properties of dexmedetomidine 
in rats, so it is assumed that this benzodiazepine may be combined 
with other 0-agonists to provide adequate sedation and analgesia in 
rodents and other small mammals. 0-agonist drugs are reversed 
with yohimbine, tolazoline, or atipamezole.”” Nonetheless, many 
rodents presented to veterinarians are clinically ill, geriatric, and 
therefore potent O,-agonists such as dexmedetomidine are only used 
in young healthy individuals.*'* Ketamine-benzodiazepine combi- 
nations produce less cardiopulmonary depression and analgesia but 
good muscle relaxation.’ Opioids (butorphanol, buprenorphine) 
and other analgesic drugs may be added to this combination to 
promote adequate analgesia in rodents. 
The tiletamine—zolazepam combination has been used in many 
laboratory, pet, and zoo rodent species, with variable results, for 
minor surgery, diagnostic procedures, and routine preventive medi- 
cine programs.”””” The author of this chapter has used the tiletamine— 
zolazepam combination at published doses (4-6 mg/kg, IM) in 
beavers, porcupines, and capybaras for routine health checks and 
has combined it with opioids (butorphanol 0.1 mg/kg, IM) for 
wound cleaning and teeth checking or trimming. It has been also 
used as induction for longer procedures in zoo settings, where inhal- 
ant anesthesia has been used subsequently for maintenance. 

The combination of medetomidine-midazolam-fentanyl has 
been used successfully in chinchillas, guinea pigs, rats, mice, and 
hamsters, and the main advantage of this combination is that it is 
completely reversible with flumazenil, atipamezole, and naloxone.” 
Midazolam combined with fentanyl-fluanisone produces neurolepto- 
analgesia with adequate skeletal muscle relaxation in mice, rats, 
gerbils, hamsters, and guinea pigs.””" 

Parenteral anesthesia is used in rodents when inhalant anesthesia 
is not available, when handling is stressful or difficult for some zoo 
rodents, for immobilization of rodents in the wild, to reduce inhalant 
anesthetic pollution, to enhance analgesia (preemptive analgesia) 
and for other purposes convenient to the handler or the facility.°’ 
Propofol, a hypnotic agent, is used in rodents and other species for 
induction and maintenance of anesthesia when administered as a 
continuous rate infusion (CRD, manually controlled infusion (MCI), 
and total intravenous infusion (TIVA) by intermittent bolus. This 
drug may be diluted with saline for injection in small rodent species. 
It has a higher elimination clearance and a shorter elimination half- 
ife compared with other injectable agents, and its clearance rate is 
aster than the liver blood flow. `” Propofol-induced apnea is related 
o dose, rate of injection, and the concurrent administration of other 
drugs. Propofol is a poor analgesic.”” Etomidate is a nonbarbiturate 
that is an injectable, potent, short-acting, hypnotic, and anesthetic 
agent. It has been used at a rate of 1 mg/kg in rodents (prairie dogs, 
chinchillas, guinea pigs) by intravenous delivery for teeth inspection 
or trimming, so potentially it might be used in other zoo rodent 
species for the same purposes. 

Epidural anesthesia was performed in seven agoutis (Dasyprocta 
azarae) with the use of lidocaine (5 mg/kg) in the lumbosacral space 
5 minutes after induction with azaperone, meperidine, xilazine, and 
ketamine. Duration of analgesia was 80.86 + 16.1 minutes, and no 
complications from the epidural technique were observed.” Using 
reversible injectable agents and combinations provides better control 
of anesthetic depth, less hypothermia, less cardiopulmonary depres- 
sion, and shorter recovery times.*! 


Inhalant anesthesia is the primary component of most clinical 
anesthetic regimes, and so is the preferred method for chemical 
restraint of rodents, since it has the advantage of providing oxygen, 
resulting in a relatively rapid and smooth induction and recovery, 
and allows safe and fast titration of the anesthetic dose to the required 
effect.” 

Preoxygenation (either with an oxygen chamber or an induction 
chamber) of rodent patients, especially in those undergoing respira- 
tory or cardiac diseases, improves circulatory and tissue oxygen 
reserves and saturation.  Non-rebreathing anesthetic circuits (e.g., 
Bain circuit or Ayre’s T-piece) have low dead space and low resistance 
and so are recommended for use in small rodents.°! 

Intubation is not easily possible in many species of rodents, so 
he anesthetic is often administered into a chamber (for small- to 
medium-sized rodents) or through a tight-fitting mask connected to 
he breathing system.””” Small- and medium-sized rodents are pref- 
erably induced and maintained vvith an inhalant anesthetic. Rodents 
such as prairie dogs, chinchillas, squirrels, African pouched rats, 
maras, and other similar-sized species have been intubated vvith a 
2- or 2.5-mm uncuffed endotracheal tube, with the use of a “blind” 
echnique or vvith the aid of an otoscope, laryngoscope, or endo- 
scope.) Endoscopy provides the best visualization of the epiglottis 
and minimizes trauma during tube placement.*! Endotracheal tubes 
are commercially available from the smallest 1-mm internal diameter 
(uncuffed) to 3-mm (cuffed) and bigger. Actually, for the smallest 
rodent patients, endotracheal tubes are made from over-the-needle 
catheters (14 g and bigger) or urinary catheters.”” In capybaras, 
endotracheal tubes of 6-mm internal diameter have been used. 

The rodent soft palate is fused to the base of the tongue, and 
entry to the glottis is through the small opening of the palatal ostium, 
a structure present in chinchillas, guinea pigs, and capybaras.”” This 
structure is highly vascular and easily traumatized.’' Laryngeal 
masks have been used successfully in rabbits weighing more than 
3 kg and so could potentially be useful in similar-sized rodents. This 
type of mask must be easily inserted and provide a good fit for an 
adequate seal.” 

The recommended inhalation agents for rodents are isoflurane 
and sevoflurane, in a suggested concentration of 3% to 5% for induc- 
tion and 1.5% to 3% for maintenance of anesthesia for isoflurane, 
and concentrations of 5% to 6% are recommended for induction 
when sevoflurane is used. Those levels of gas anesthesia vary, 
depending on other drugs used prior to the inhaled agent or if any 
other was used at all. 

Isoflurane produces a dose-dependent cardiopulmonary depres- 
sion, is a poor analgesic, and has the advantage of not sensitizing the 
myocardium to catecholamine-induced arrhythmias.”” Sevoflurane is 
similar to isoflurane, but it produces more rapid induction and 
recovery, and it is less irritating to inhalation. Guinea pigs are par- 
ticularly prone to apnea with the use of inhalant anesthetics and 
require careful monitoring and sometimes the use of a respiratory 
stimulant (e.g., doxapram at a rate of 5-10 mg/kg, IV or IM) to keep 
respirations regular.~’ 
The small size of rodents makes venous and intraosseous cathe- 
erization difficult. Some potential catheterization sites include the 
cephalic, saphenous, and auricular veins.”” Intraosseous cannulation 
may be useful in smaller patients or during cardiovascular collapse. 
Common sites for intraosseous cannula placement are the trochan- 
eric fossa of the femur, the tibial crest, and the humerus. Depending 
on the rodent size, products that may be used as intraosseous can- 
nulas include 18-to-24-gauge 1-to-14 -in. spinal needles or 18- to 
25-gauge 1-inch hypodermic needles.”" 

For all rodent species, preemptive analgesia and sedation are 
critically important. High levels of circulating catecholamines, com- 
bined with the stress of handling or restraint, hypoxemia, hypercar- 
bia, and unpredictable responses to anesthetic agents may lead to 
respiratory and cardiac arrest.'* The two main groups of analgesic 
premedication—opioids and nonsteroidal anti-inflammatory drugs 
(NSAIDs)—are combined or used alone in rodents and other 
species.”” 
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An effective pain management plan should include drugs of dif- 
ferent classes and a multimodal approach. Midazolam may also be 
combined with opioid compounds such as butorphanol to provide 
additional analgesia.” Analgesic medications administered IV as a 
CRI may be titrated to effect, potentially reducing other drug doses 
within the anesthetic protocol. Microdose ketamine via intravenous 
CRI may be an effective analgesic.”'*’ Opioid drugs are effective 
analgesic agents for the control of acute or chronic visceral pain. In 
small exotic mammals, including rodents, butorphanol, buprenor- 
phine, and fentanyl are regularly used and well tolerated. The main 
adverse side effects of opioids in small mammals are drowsiness and 
respiratory depression, which is dose dependent.” 

Pica and gastric distension have been observed in rats receiving 
high doses of buprenorphine (0.5 mg/kg, SC).'* Opioids may also 
be used for CRI. When used as a low-dose intravenous CRI, opioids 
do not induce GI stasis in small hind gut fermenters and so may be 
a part of balanced anesthesia and analgesia protocols. Remifentanil 
is an ultra-short-acting U-agonist opioid that is very suitable for 
CRI in small mammals. Butorphanol has also been used as a 
CRI, although no published data on small exotic mammals are 
available 2! 

Tramadol, a synthetic opioid drug, is a centrally acting drug, 
being both a weak opioid agonist with selectivity for the 1-receptor, 
and a weak inhibitor of the reuptake of norepinephrine and sero- 
onin. A few studies have been performed in rodents, mainly in labo- 
ratory animals. A study in rats showed that tramadol administered 
intraperitoneally (1-25 mg/kg) showed delayed responses after 
hermal or ischemic noxious stimuli, and subcutaneously at the site 
hat received noxious stimuli provided local analgesia. The same 
study found that tramadol and gabapentin worked synergistically to 
provide analgesia in rats.”° 
The most common NSAIDs drugs used in rodents include 
meloxicam, carprofen, and ketoprofen. Clinical experience indicates 
hat doses <1 to 2 mg/kg of meloxicam in rats do not adequately 
alleviate pain after surgery.”. 

Local anesthesia and regional (epidural) anesthesia have proven 
efficacious in providing good analgesia in rodents for minor proce- 
dures such as cesarian section in guinea pigs. Lidocaine and bupi- 
vacaine are commonly used local anesthetics that may be applied 
topically, via tissue infiltration, intra-articularly, as regional nerve 
block, or by epidural injection.” 

Important nerve blocks for dental surgery in rodents include 
infraorbital, mental, mandibular, and maxillary nerve blocks. Other 
sites for nerve blocking in rodents and small mammals are the 
brachial plexus, the sciatic nerve, and the intratesticular nerve.”. 
Volumes of local anesthetic agents used for epidural injection vary 
between 0.1 and 0.2 milliliters per kilogram (mL/kg).°! 

It is essential to record supportive care and monitoring minute- 
by-minute in rodents. Eyes should be well lubricated to prevent 
corneal desiccation and ulceration. The order of loss of reflexes in 
rodents is as follows: palpebral, pedal, jaw tone, ear pinch reflex 
(surgical plane).” A fixed, dilated pupil that is unresponsive to light 
is a cross-species indicator of excessive depth.” 

Monitoring of anesthesia requires recording heart rate, respiratory 
rate, body temperature, and analgesia. Heart rate varies widely 
among rodent species and is determined by temperature, size, 
metabolism, respiratory rate, and the presence or absence of painful 
stimuli.*’ Quality pediatric stethoscopes, instead of esophageal 
stethoscopes, are recommended for small species of rodents. Because 
of the rapid heart rate of many small rodents, electrocardiography 
(ECG) complexes are assessed with sweep speeds of 100 millimeters 
per second (mm/s) and 200 mm/s.”! 

The Doppler flow detector is used where major arteries are close 
to the skin, for example, the ventral aspect of the tail base; the 
carotid, femoral, and auricular arteries; or directly over the heart. 
Normal systolic blood pressure measurements obtained with the 
Doppler range from 90 to 120 millimeters of mercury (mm Hg).*! 
Some authors have successfully measured blood pressure in the 
hindlimbs of guinea pigs, chinchillas, degus, prairie dogs, and other 
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rodents by using a size 1 cuff with sphygmomanometer and audio 
Doppler ultrasonography just above the medial tarsus.*’ 
As in other species, the respiratory rate and character should be 
monitored closely. In addition to direct monitoring of respiration, 
respiratory monitors are indicated in monitoring rodent anesthesia 
protocols, but those that are triggered by a thermistor in the airway 
function well only in patients weighing more than 500 g. To assess 
ventilation, end-tidal carbon dioxide (PET-CO)) monitoring, using a 
side-stream capnograph, is useful. 
Pulse oximetry (SpO,) is used in many species to evaluate arteria 
hemoglobin oxygen saturation. It has been evaluated in rats bu 
appears accurate at hemoglobin saturation levels greater than 
7096.””” Pulse oximeters may be used on the ears or tongue o 
guinea pigs, chinchillas, prairie dogs, and other medium-sized 
rodents, on the feet of most rodent species, and also on the tail, or 
vaginal or rectal mucous membranes.””” 
Some sick or debilitated animals require intermittent positive- 
pressure ventilation (IPPV) during anesthesia, which, in the case of 
rodents, is recommended at initial inspiratory pressures of 5 to 10 
centimeters of water (cm H,O) and rates of 6 to 10 breaths per 
minute.” 
To reduce the morbidity and mortality associated vvith anesthetic 
procedures in rodents, it is of utmost importance to monitor core 
body temperature. Because of the ratio of large surface area to 
volume, hypothermia is one of the most frequent complications in 
anesthetized rodents. An electronic thermometer probe may be fas- 
ened to the perineal area to continuously monitor the body tem- 
perature.”””” Small rodents (less than 500 g) require an ambient 
emperature of 35°C to 37°C during recovery and larger ones 
between 25°C and 35°C.” 
It is recommended that rodents be wrapped in aluminum foil or 
bubble wrap immediately after induction. Supplemental heating 
(electric heat pads, heated operating tables, forced warm air blankets, 
heat lamps, hot water bottles, and towels) should be provided during 
and after anesthesia. It is of utmost importance to stress that heating 
devices should not be in direct contact with the animals skin or body 
surface to avoid iatrogenic burns.” 
Once the anesthetic procedure has been completed, the animal 
is placed in a warm, quiet environment and monitored. Monitoring 
of body functions must continue until the patient is fully alert, 
since general anesthesia may have adverse effects on gut motility 
and flora, especially in herbivorous rodents.” It is recommended 
that GI function be assessed, and if necessary, administration of 
gut motility enhancers (cisapride, metoclopramide, or ranitidine) is 
advised. 
Prolonged recovery is usually caused by hypothermia, hypogly- 
cemia, and anesthetic overdose, altered drug elimination, or all of 
these factors. 
Assisted feeding with the appropriate nutritional products (her- 
bivores, omnivores, and carnivores) is of great importance during 
recovery in rodents. Ongoing fluid therapy may also be necessary 
until the animal is able to maintain hydration. Table 42-4 details 
chemical agents commonly used as sedatives, anesthetics, and anal- 
gesics in rodents. 


Special Conditions That Require 
Surgical Intervention 


Once chemically immobilized, some common procedures such as 
incisor trimming (extractions, occlusion adjustments), orchidectomy 
and vasectomy procedures (frequently reported in domesticated 
rodents and as a population-control tool in wild agoutis in Brazil), 
ovariohysterectomy, cesarean section, wound healing (superficial 
abscesses, trauma, cage-mate bites), orthopedic procedures, mass 
removals, and ophthalmic disease diagnosis and treatment, among 
others, are routinely performed in pet and zoo rodents. Anatomic 
and physiologic rodent features such as an open inguinal canal, the 
functional cremaster muscle that allows the testicles to migrate into 
and out of the abdominal cavity, and the considerable amount of fat 


FIGURE 42-1 Crested porcupine (Hystrix cristata) with a traumatic 
skin lesion caused by a dart applied with a blow pipe. 


in that area warrant specific care and a precise surgical orchidectomy 
echnique described elsewhere. 

Computed tomography (CT) was recently used to determine the 
relevant reproductive anatomy of a male African crested porcupine 
(Hystrix africaeaustralis) and develop a surgical approach for castra- 
ion. CT imaging confirmed that the testes were located immediately 
ateral to the prepuce beneath subcutaneous adipose tissue.” 

Self-mutilation has been reported in rodents and other small 
mammals after surgical procedures, so gentle handling of tissues and 
proper analgesia are advised to avoid causing this type of trauma.” 

Porcupines (Hystrix africaeaustralis) have a very thin skin that 
ears even with slight pressure.””” In the experience of the author 
of this chapter, traumatic lesions to the skin in this species may 
even be caused when remote anesthesia is applied by blow pipe 
(Figure 42-1). 

Small-diameter sutures with atraumatic needles such as the ones 
used for bird skin repair may be useful in porcupines. Figure 42-1 
shows a crested porcupine (Hystrix cristata) with a traumatic skin 
lesion caused by a dart applied with a blow pipe. 


DIAGNOSTICS 
Blood Collection 


Even when some blood collection sites have been developed by labo- 
ratory animal veterinarians and technicians, some of these locations 
(orbital venous plexus, cardiocentesis) might seem objectionable 
when handling pet or zoo rodents. Many rodents do not tolerate the 
level of restraint required to safely collect an adequate volume for 
analysis, so they must be sedated or anesthetized.’*** It is important 
to recognize that the blood volume of most small rodents is approxi- 
mately 6% to 7% of total body weight, and removing a maximum 
of 10% (a general rule of thumb for most patients) of the blood 
volume is generally safe. A fresh blood smear should be made at 
the time of sampling to enable manual hematologic examination if 
blood volumes are very small.”! It is also possible to consider drawing 
1% of the total body weight in kilograms of blood in healthy rodents 
(Table 42-5). 

The most frequent sites for collecting blood are the femoral, 
cephalic, lateral tail, saphenous, and jugular veins. A site that has 
very few reports of complications in some small rodents (hamsters, 
chinchillas, prairie dogs, rats, chipmunks, squirrels) is the cranial 
vena cava. Sedation or general anesthesia for successful collection is 
often required.*' In members of the Dasyproctidae family, the lateral 
saphenous vein is a viable option. Prairie dogs are more 
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TABLE 42-6 

Common Name New World Porcupine Coypu Agouti Agouti Agouti 

Scientific Name Sphiggurus villosus Myocastor coypus Dasyprocta leporina Dasyprocta Dasyprocta 

primnolopha primnolopha 
(free-ranging; n = 5) (free-ranging (two different restraint (captive animals, (captive animals, 

individuals) protocols) males) females) 

PARAMETER 

Neutrophils (bands) (%) 3.4 2.41 0.73 + 1.14 0.45 + 0.6 0-5 0-3 


Values reported as mean + standard deviation. 
Adapted from reference 48. 


challenging, with deeply located jugular veins surrounded by muscle 
and fat, and the entire cervical region is very short.** 

To maximize diagnostic value of the blood sample, blood should 
be collected into a microtainer tube with the appropriate anticoagu- 
lant, preferably lithium heparin. Some investigators have found that 
the quality of blood smear and complete blood cell (CBC) count 
results from the lithium heparin were comparable with those from 
an EDTA (ethylenediaminetetraacetic acid) tube. It is also critical to 
remove the needle and transfer the blood directly into the tube after 
blood collection to minimize the chances of hemolysis when using 
small-gauge needles.** 

For small-sized or critically ill rodents, CBC count using a hemo- 
cytometer may be obtained on-site at veterinary and zoo hospitals, 
along with the hematocrit, total solids, differential white blood cell 
(WBC) count, and morphologic examination of red blood cells 
(RBCs) and WBCs (Table 42-6).*! 

Some laboratories require serum or plasma samples for biochemi- 
cal analyses, although those using plasma samples maximize sample 
volume. Plasma is preferable to serum because the volume yield of 
plasma is greater than that of serum for a given amount of blood 
when whole blood cannot be used.” 

Point-of-care machines such as the Abaxis VetScan (Abaxis, 
Union City, CA) perform a diagnostic biochemical panel on 0.13 mL 
of whole blood.” This method is nowadays more commonly used 
in pet and zoo rodents in clinical practice. 


Hematology and Biochemistry 


Table 42-7 describes hematology and biochemistry values of selected 
species of rodents. 

The neutrophils of guinea pigs contain eosinophilic-staining 
granules that are sometimes called heterophils and have the same 
function as in other mammals.** A unique leucocyte of the guinea 
pig is the Kurloff cell, which resembles a lymphocyte but contains 
round or ovoid inclusions termed Kurloff bodies.*° 

In chinchillas, hematologic parameters of note include a higher 
hemoglobin—oxygen affinity compared with that in other rodents. 
Also, a seasonal effect is noted, with the RBC count, WBC count, 
and hemoglobin level being at the highest in winter. The higher 
WBC count continues into early spring as the reproductive season 
begins.” 

The most common disorders of hematology in rodents include 
different types of anemia, lymphosarcoma (Cavian leukemia or type 
C retrovirus).” In guinea pigs and other rodents, alanine aminotrans- 
ferase (ALT) activity is low in hepatocytes and therefore is not sensi- 
tive or specific as a marker of hepatocellular injury.*° Gamma 
glutamyl transferase (GGT) is present in the liver of rodents.” 
Rodents with chronic renal failure may show evidence of increased 
serum blood urea nitrogen (BUN) levels. Guinea pigs have a longer 
prothrombin time (PT) compared with many other exotic mammals, 
so their blood does not clot as quickly as that in the rest of pet 
mammals studied so far.” 


Bone Marrow Collection 


It is possible to collect a bone marrow sample even in small rodents. 
The same technique used for domestic animals or for intraosseous 
catheterization of the femur or tibia may be used.” 

Indications for collecting bone marrow in rodents are non- 
regenerative anemia, thrombocytopenias, gammopathy, lymphopro- 
liferative disorders (leukemia), or suspicion of neoplasia and 
malignancies (lymphoma, mast cell tumors), unexplained fever, or 
hypercalcemia. 

The cellular distribution of bone marrow in guinea pigs is 26.7% 
erythroblasts, 63.3% myeloid cells, 4.6% lymphocytes, and 5.4% 
reticulum cells.*° 


Urine Collection 


The collection of urine is difficult. Samples for urinalysis, urine 
culture, and sensitivities should be obtained via cystocentesis under 
general anesthesia and, if possible, with ultrasonographic guidance.” 
Urethral catheterization and conscious cystocentesis are usually 
employed with medium-sized and zoo rodents. 

Most rodents urinate during handling and when excited. These 
free-catch samples may be contaminated with fecal and bedding 
material but could be useful for testing with a urinalysis test strip 
and to determine specific gravity:””” 

In agoutis, urine may be collected in the same fashion as it is 
collected in domestic cats. In the urinary sediment of agoutis and 
acouchis, triple-phosphate, calcium-carbonate and amorphous 
phosphate and urate crystals, spermatozoids, epithelial cells, leuco- 
cytes, and thyrosine crystals have been found.” 


DISEASES 
Infectious Diseases 


Table 42-8 discusses the most common infectious diseases in this 
animal group, including those caused by bacterial, fungal, parasitic, 
and viral pathogens. 

Common infectious diseases in free-ranging rodent species 
include pseudotuberculosis (yersiniosis), dermatomycosis, tularemia 
(Francisella tularensis), and Pasteurella multocida infection.””! 

In wild capybaras in South America, brucellosis was studied by 
Bello et al. (1974), who reported a high incidence of this disease 
diagnosed with serum agglutination tests. A strain of Brucella abortus 
was isolated.'° 

In 1976, Jelambi et al. analyzed 178 serum samples of euthanized 
capybaras and found 111 (63.3%) positive to different leptospiral 
serotypes but mainly to L. canicola, L. ballum, L. hardjo, L. hendomadis, 
and L.wolffi.'° Common infectious diseases in captive rodents include 
Sendai virus infection, salmonellosis, Tyzzer disease, and murine 
respiratory mycoplasmosis.””" 


Text continued on p. 414 
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Parasitic Diseases 

In captivity, common parasitic diseases include zoonotic threats such 
as larva migrans (Baylisascaris sp. infection), sarcoptic mange, roden- 
tolepis (formerly hymenolepis) infections, and pinworm infections. ”’ 
In the Mexican tropics, captive agoutis (Agouti paca) are infested 
by Strongyloides sp., Eimeria spp., Balantidium spp., Capillaria spp., 
Ascaroidea, Taenia spp., and Trichuris spp. Reports also indicate the 
presence of the genus Nematorpiroides.’ 

Wild capybaras in South America are known to act as reservoirs 
of some species of Trypanosoma (T. venezuelense and T. evansi), and 
acute cases of trypanosomiasis have also been detected in capybaras 
in Brazil, Argentina, and Paraguay. Several internal parasites have 
been identified in capybaras in South America, both in captivity and 
in free-ranging individuals. Among those parasites are trematodes 
(Hippocrepis hippocrepis, Taxorchis schistocotyle), Cestodes (Monoeco- 
cestus decresceus), and nematodes (Viannella hydrochoeri, Protozooph- 
aga obese, Dirofilaria acutiuscula, and Capillaria hydrochoeri).'° Table 
42-9 describes antimicrobial, antiparasitic, and antifungal drugs 
commonly used in rodents. 


Bacterial Diseases 

Among diseases that involve bacteria and the production of toxins 
in rodents, it is of utmost importance to consider and recognize 
antibiotic-associated diarrhea or enterotoxemia, which is caused by 
Clostridium species, which reside in healthy animals. Rodents possess 
predominantly gram-positive GI flora, susceptible to alteration by 
the administration of inappropriate antibiotics. GI flora disturbance 
promotes the proliferation of clostridial species, leading to a modi- 
fication in the lumen pH and an increased production of volatile fatty 
acids (VFAs). Those VFAs inhibit normal bacteria (Lactobacillus spp. 
and Bacteroides spp.), and this causes production of iota toxins by 
the resident Clostridium species. 


Destruction of mucosal epithelium by toxins causes diarrhea and 
enterotoxemia, sometimes leading to severe disease and death. It is 
crucial to select appropriate antibiotics for rodents, particularly her- 
bivorous rodents. ’! 


Antibiotic Therapy 
It is known that herbivorous rodents are susceptible to some antibi- 
otic classes, since they are hind gut fermenters that depend almost 
entirely on the microbial production of VFAs for energy. Every anti- 
biotic has the potential to disrupt the enteric microbial flora, thus 
producing enteric dysbiosis and antibiotic-associated enterotoxemia, 
although drugs such as tetracyclines, chloramphenicol, fluoroquino- 
lones, metronidazole, and aminoglycosides seem to have less impact 
than others such as penicillins, cephalosporins, lincosamides, and 
old-generation macrolides. The last are not recommended for treat- 
ing rodents.*° 

Important notes extracted from other specialized rodent medicine 
texts suggest that gentamicin may cause renal problems in some 
rodents (so care must be taken when administering this drug to any 
species of rodents), and efforts must be made to prevent ingestion 
through grooming if a topical application was used. Streptomycin 
may cause ascending paralysis and death in gerbils, hamsters, and 
mice according to current reports on rodent species.”! Nitrofurantoin 
causes neuropathologic lesions in rats.”’ 


Zoonoses and Emerging Diseases of Rodents 

In recent years, outbreaks of diseases among humans have been 
caused by rodents, which have been reservoirs of diseases such as 
monkeypox (orthopoxvirus). Many zoonoses are carried by exotic 
pets and zoo and wildlife species. In 2006, 2.1 million households 
owned rodents (including, but not limited to, hamsters, guinea pigs, 
and gerbils) in the United States.””” Several human activities are 


TABLE 42-9 
Drug Dose (mg/kg) Routes (Frequency) Comments 
ANTIMICROBIAL 
Amikacin 10-15.0 SC, IM, IV (BID) 
Azytromycin 15-30 PO (SID) Doses for most species 
IP route for mice (75 mg/kg x5 days) 
Cephalexin 50 PO, IM (BID) For parenteral use only 
May cause disbacteriosis 
Ceftiofur 1 IM (BID) For pneumonia cases 
Parenteral use only 
Chloramphenicol 20-50 PO, IM (BID) Ophthalmic ointments also safe for rodents 
Ciprofloxacin 10 PO (BID) Could have less bacterial resistance than 
enrofloxacin 
Doxycycline 2.5 PO (BID) All species 
Do not use in young animals 
May cause disbacteriosis in herbivores 
Enrofloxacin 5.0—10.0 PO, SC, IM (SID, BID) Frequency depends on dose 
Parenteral injection may cause necrosis if not 
diluted with saline 
Gentamicin 2.0-24.0 IM, SC (SID, BID) All species 
May give in combination with enrofloxacin for 
respiratory infections 
Metronidazole 10-40 all species PO (BID) Anaerobes and antiprotozoal 
20-60 in prairie dogs Use with caution in rodents since taste may reduce 
food consumption 
Oxytetracycline 5.0-50 IM, PO, SC (BID) Toxicity reported in guinea pigs 


Use with caution in chinchillas 
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TABLE 42-9 
Drug Dose (mg/kg) Routes (Frequency) Comments 
Tetracycline 10.0-20.0 PO (BID, TID) Dose indicated for hamsters, gerbils, mice, rats, 
prairie dogs 
Toxicity has been reported in guinea pigs 
Trimethoprim/sulfa 15-30 all species Tissue necrosis can occur if given subcutaneously 
48-06 in rats 
ANTIPARASITIC 
Albendazole 5 (guinea pigs) PO (BID) Use in giardiasis cases 
25 (chinchillas) 
Amitraz 0.396 solution Topically Use vvith caution, not recommended in young 


1.4 milliliters per liter (mL/L) 


Topical q7-14d (3-6 treatments) 


For demodecosis 


Carbaryl powder 


5% 


Topical q7d x3 treatments 


Ectoparasites 


Fenbendazole 


20-50 


PO (SID x5 days) 


Giardiasis, endoparasites 


İmidacloprid 22 kitten dose topically Prairie dogs 
(Advantage, Bayer) 20 Topically q30d Most species; flea control 
Ivermectin 0.2-0.4 SC q7-14d Ectoparasites and endoparasites 
Preferred dosage appears to be 0.4 mg/kg, q7d 
Pemethrin 0.25% dust in cage All species; ectoparasites 
Piperazine 200-600 PO (SID x 7 days), off 7 days, Nematodiasis 


3-7 milligrams per milliliter 
(mg/mL) 


on 7 days 
Drinking water x 3-10 days 


Guinea pigs, mice, and rats 


Praziquantel 6.0-10 PO, SC (repeat in 10 days) All species of cestodes 
30 PO q14d x3 treatments Gerbils, mice, rats 
Pyrantel pamoate 50 PO (SID) ost species; nematodiasis 
Pyrethrin powder Topical q7d x3 treatments All species; ectoparasites 
Selamectin 6 Topically q30d Chinchillas, degus, chipmunks 
(Revolution, Bayer) 20-30 Topically Guinea pigs 
15-30 Topically q21-28d x 2 ost species 
treatments q14d if Demodex Use 30 mg/kg with Sarcoptes 
Sulfadimethoxine 25-50 PO (SID x 10 days) Chinchillas, guinea pigs, and hamsters to treat 
10-15.0 PO (BID) coccidiosis 
To treat coccidiosis in all species 
Sulfamerazine 1 mg/mL Drinking water To treat coccidiosis in chinchillas, guinea pigs, 
mice, hamster, rats 
Sulfamethazine 1 mg/mL Drinking water To treat coccidiosis in chinchillas, guinea pigs, 
mice, hamster, rats 
Thiabendazole 100 PO (SID x 5 days) Chinchillas, guinea pigs, gerbils, mice, rats, 
hamsters 
For the treatment of ascaridiasis 
Toltrazuril 10 PO (SID) x 3 days, 3 days off, Drug of choice to treat coccidiosis in all species 


3 days on 


(Baycox, Bayer) 


25 parts per million per liter 
(ppm/L) 


Drinking water 


Most species 
Use 30 mg/kg with Sarcoptes 


ANTIFUNGAL 
Captan powder 


1 teaspoon per 2 cups of 
dust 


To prevent dermatophytosis between cagemates 
NOT USED in guinea pigs and duprasi 


Griseofulvin 15-50 PO (SID x 14-28 days) Antifungal for dermatophytosis 

250 On feed q10d x 4 treatments Prairie dogs 
Itraconazole 5.0-10 PO (SID x 6 weeks) Systemic candidiasis 

25 PO (SID) Dermatophytosis in chinchillas 
Ketoconazole 10.0-40 PO (SID x 14 d) All species/systemic mycoses; candidiasis 
Terbinafine 10.0-30 PO (SID x 4-6 vveeks) Most speciesyantifungal 


BID, Twice daily; IM, intramuscularly; /P, intraperitoneally; /V, intravenously; SC, subcutaneously; SID, once daily. 
Adapted from references 27, 28, and 38. 


416 PART IV “ MAMMAL GROUPS 


known as drivers of these and other emerging zoonotic threats, 
including expansion of human populations worldwide, increased 
wildlife trade, and encroachment of natural habitats, all of which 
may increase exposure to zoonotic agents. 

In many environments, however, feral rodents live in proximity 
o humans, domesticated animals, and other vvildlife.””” Other 
activities such as hunting and camping expose humans to wild 
rodents and to the risk of infectious diseases.’* Conservation Medi- 
cine and One Health concepts propose treating the health of humans, 
animals, and the environment as a whole to prevent the transmission 
of zoonotic agents. ””””” 

Some of these diverse infectious agents may cause diseases in 
animals, and these animals may be indicators of the threats to human 
health. In 2003, an outbreak of monkeypox (orthopoxvirus) was 
linked to exposure to pet prairie dogs (Cynomys sp.), affecting 81 
humans in six different states in the United States. It is worth men- 
tioning here that many species of African rodents imported for the 
pet trade had tested positive for the monkeypox associated with the 
outbreak, and they had been in contact with prairie dogs. It has been 
demonstrated that prairie dogs also develop disease and die when 
infected with monkeypox.””” 

Rodent-borne hemorrhagic fevers are zoonotic diseases caused 
by an ever-increasing collection of Hantaviruses and Arenaviruses 
carried by rodents. Sin Nombre, Puumala, and Lassa are some of 
the most representative rodent-borne hemorrhagic fevers. These 
Hantaviruses cause chronic asymptomatic infection in the rodent 
host, with long-term shedding of virus in secretions and excre- 
tions.” Rodents of the genus Mastomys spp. carry Lassa arenavirus, 
which causes Lassa fever in West Africa. Many arenaviruses 
(Argentinian, Bolivian, and Venezuelan hemorrhagic fevers) have 
their own rodent hosts. Arenaviruses include other viruses such as 
LCMV, which poses significant health threats for humans and other 
animal species.” ”” 

It is important to stress that in many South American countries, 
some rodent species are a frequent alternative source of meat. For 
example, in the case of capybaras (Hydrochoerus hydrochaeris) in a 
slaughterhouse in Rio Grande do Sul, Brazil, researchers reported 
detection of agglutinating antibodies against leptospires in 2796 (6 
of 22) of all animals. The data presented in this report indicate that 
a considerable fraction of capybaras in captivity may act as reservoirs 
for pathogenic leptospires, underlining the occupational risk faced 
by those working in animal farming and slaughter.” 

Fungal diseases in nondomestic rodents include “mouse favus,” 
a severe form of ringworm infestation caused by T. mentagrophytes 
var. quinckeanum. Although rare, this organism has zoonotic poten- 
tial, and human infections have been documented. 

Organisms causing mycotic diseases in free-ranging or nondo- 
mestic rodents are Candida albicans in squirrels and European beaver 
(Castor fiber), Cryptococcus in beavers, Emmonsonia crescens in ground 
and gray squirrels, Phaeoannellomyces werneckii in different species 
of squirrels, Microsporum cookie in gray squirrels, and Trichophyton 
mentagrophytes in squirrels and Canadian rodents." 


Noninfectious Diseases 


Corneum Callus 

A frequent lesion observed mainly in agoutis (Dasyprocta spp.) and 
acouchis (Myocprocta acouchy) is the formation of corneum callus on 
he metacarpal and calcaneus region. These are keratinized tissue 
calluses that are extremely resistant, are dark in color, and tend to 
bend laterally and form tissue expansions that are vulnerable to the 
ensions caused during restraint. These calluses may potentially peel 
off when the rodents are handled, leading to lacerations and expo- 
sure of bone tissues. This condition is linked to husbandry (substrate 
ypes, e.g., concrete and other hard surfaces) and behavior, since 
agoutis and acouchis have a characteristic behavioral trend of main- 
aining themselves supported on the tarsi for long periods to manip- 
ulate objects with the forelimbs. The pressure on the tarsi seems to 
increase keratin production, with subsequent local hyperkeratosis 
and the production of bulky calluses. 


Potential complications of these lesions include lacerations, gran- 
ulation tissue formation, abscesses, bleeding, grave lameness, chronic 
weight loss, and death.” 


Dental Diseases: Teeth Overgrowth, Malocclusion, 

and Odontomas 

Diagnosis of dental disease in rodents includes thorough history, 
clinical signs, extensive physical examination, radiography (includ- 
ing five standard projections: lateral, left-to-right oblique, right-to- 
eft oblique, ventrodorsal or dorsoventral, and rostrocaudal), oral 
endoscopy with the appropriate instruments (as an integral part of 
he examination in rodent species, CT, and ancillary diagnostics such 
as CBC count, biochemical panel, bacterial culture and sensitivity 
esting (important when dealing with periapical infection and 
abscesses cases), and histopathology when bone neoplasia is sus- 
pected.’ The goals of dental procedures are to reduce abnormal tooth 
ength, to restore the occlusal plane to as near normal as possible, 
and to extract diseased teeth.” 

Both pet and zoo rodents frequently have several dental issues 
because of the anatomy and physiology of their oro-gastrointestinal 
tract. The teeth of rodents grow continuously (incisors in all species 
and also molars in some species), any disease or disorder affecting 
the positioning of teeth within the oral cavity and disrupting normal 
attritional movements will lead to overgrowth and malocclusion. 
Maxillary molars and premolars (cheek teeth) are angled outward, 
whereas mandibular cheek teeth are angled slightly invvard.”””” Max- 
illary molars overgrow and laterally injure the buccal mucosa, 
whereas mandibular molars overgrow medially, potentially injuring 
or trapping the tongue.” 

Cheek teeth of guinea pigs have a 30-degree sloped occlusal 
plane, which slopes from buccal to lingual and dorsal to ventral. The 
normal oblique angle of the occlusal plane must be carefully assessed, 
and evaluation should not be affected by improper positioning of the 
endoscope.” Because of the peculiar orientation of cheek teeth and 
the anatomy of the tongue, abnormal crown elongation always devi- 
ates lingually. Unlike in rabbits, the tongue is never traumatized by 
sharp edges or spurs. Discomfort is a result of entrapment of the 
tongue by elongated cheek teeth.® 

Overgrowth and malocclusion in rodents (guinea pigs, chinchil- 
las, prairie dogs, and potentially every single species of rodents), are 
caused by congenital defects (including conformation), diet (inade- 
quate fiber in all rodent diets), hypovitaminosis C in guinea pigs, 
trauma, oral abscessation, systemic illness causing anorexia (with 
subsequent tooth overgrowth), osteoarthritis of the temporoman- 
dibular joint and cervical vertebra), and stress (changes in diet, 
environment), among others.” Figures 42-2, 42-3, and 42-4 show 
incisor overgrowth in different species of zoo rodents: agoutis (Dasy- 
procta mexicana), American beavers (Castor canadensis), and crested 
porcupines (Hystrix cristata). 

In species in which the molars grow continually, molar over- 
growth may follow incisor malocclusion. Incisor malocclusion may 
lead to molar malocclusion, and vice versa, since malocclusion in 
one area prevents proper attrition of all teeth.” The most common 
early stage of malocclusion of cheek teeth in guinea pigs is elongation 
of one or both mandibular premolars. Impaction of food and hair is 
also frequent in guinea pigs with maloccluded cheek teeth. Interme- 
diate stages include malocclusion of the entire mandibular cheek 
teeth arcade. Coronal elongation and the abnormal occlusal plane 
must be carefully assessed with endoscopy. 

Bridgelike malocclusion of the mandibular premolars is a 
common finding and represents a more advanced form of cheek 
teeth malocclusion in guinea pigs. It is caused by coronal elongation 
and bending over the tongue of both mandibular CT1. Severe 
coronal elongation, malocclusion, and sharp buccal margins develop 
at maxillary cheek teeth.” Overgrowth of molars in the chinchilla 
may occur apically and coronally, so the upper pseudo-roots may 
invade the orbit or the nasal cavity, giving rise to ocular discharge.” 
In chinchillas, no angulation of the cheek teeth occlusal plane (the 
occlusal surface is flat and rough) is seen, the clinical crowns of 


FIGURE 42-2 
mexicana). 


Incisor overgrowth in an agouti (Dasyprocta 


FIGURE 42-3 
canadensis). 


Incisor overgrowth in an American beaver (Castor 


FIGURE 42-4 
cristata). 


Incisor overgrowth in a crested porcupine (Hystrix 
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mandibular arcades are very short, and the mandibular first premolar 
is triangle shaped. Coronal elongation and malocclusion of cheek 
teeth occurs in chinchillas and is similar, in some ways, to the disease 
process in guinea pigs and in rabbits. However, presenting signs and 
symptoms are usually much less severe compared with those in 
guinea pigs and vary slightly from the typical presentation in rabbits. 
Like guinea pigs, chinchillas seldom develop sharp spurs. When 
present, spurs usually do not traumatize the tongue but, rather, 
impair its movement and entrap it under the elongated crowns. 
Advanced malocclusion shows elongated crowns and widened 
interproximal spaces. Coronal elongation of maxillary cheek teeth 
and abnormal sharp edges are frequently accompanied by an increase 
in the height of both the alveolar crest and the gingival margin. Food 
impaction between teeth is a common consequence, leading to gin- 
givitis. Cavities are a frequent finding in chinchillas affected by denta 
disease. Proliferation of the gingiva seems to be associated with 
increased discomfort and poorer prognosis in chinchillas and makes 
reduction of crown length more difficult. In case of end-stage denta 
disease, clinical crowns may be worn out and fractured, and reserve 
crowns may no longer replace clinical crowns." 

Clinical signs described above are indicative of dental disease in 

rodents, but obtaining a complete clinical history, reviewing diet and 
feeding habits with the owner and at the zoo facilities, and perform- 
ing a physical examination are of utmost importance. To detect 
abnormal teeth overgrowth and malocclusion, a full oral examination 
must be performed under general anesthesia.” 
Clinical signs of dental disease in prairie dogs (which, like 
porcupine-like rodents, are obligate nasal breathers) are mainly 
respiratory; reduced activity, food intake, and stool production, 
weight loss or emaciation are other signs.””””” Geriatric prairie dogs 
(>6 years of age) may present with molars worn down to the gum 
ine, often with just the necrotic roots visible.”” 

Overgrowth and malocclusion may be treated, and if any underly- 

ing cause is identified, it must be also corrected. Mandibular cheek 
eeth may be corrected by burring. A diamond bur or disk is used 
o trim the crown of the tooth. Nail clippers should not be used to 
rim the crown because they may cause teeth to fracture.”””” In 
hystricomorph rodents, reduction of the crowns of incisors is usually 
performed in conjunction with treatment of cheek teeth. Extraction 
of incisors is rarely indicated in guinea pigs and chinchillas.” 
An alternative to trimming teeth is extraction, accessing the 
molars through buccotomy, which, however, has the attendant risk 
of food impaction at the buccotomy site resulting in poor healing. 
Migration of adjacent teeth and super-eruption of opposing teeth 
may occur in species with brachyodont molars, and in species with 
elodont molars, the continually opposing teeth pose a problem.” 
Odontoma is a peculiar form of dental disease and has been 
reported in many rodent species (rats, mice, guinea pig, prairie dogs, 
degus, and tree squirrels). The term “odontoma” generally includes 
both odontogenic tumors (invasive and locally destructive), and 
umorlike lesions such as odontogenic dysplasia of incisor teeth, 
which occurs frequently in prairie dogs and other squirrels (mostly 
ocally compressive in the cranial portion of nasal cavities). Some 
authors have encountered radiographic abnormalities consistent 
with this type of lesion in other species such as the pet rabbit, chin- 
chilla, chipmunk, and citellus (Spermophilus citellus). In all cases, 
incisor teeth were affected.'° Odontoma (dental neoplasia) has been 
associated with chronic dental disease or mouth trauma from 
chewing on inappropriate objects such as cage bars. Affected teeth 
must be removed, and if possible, a permanent opening into the 
nasal bones caudal to the tumor mass should be left in to facilitate 
respiration. It is often practically impossible to remove the tumor. 
Supportive treatment is warranted, since this condition is 
progressive. '°°* 


Stress Dermatosis 

This condition has been seen in agoutis, acouchis, and capybaras, 
but most cases occur in agoutis (Dasyprocta sp.) in zoologic collec- 
tions, breeding places, and urban areas in Brazil. Its main feature is 
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FIGURE 42-5 Stress dermatosis in an agouti (Dasyprocta 
mexicana),with mild signs of skin lesions. 


skin lesions on the lumbodorsal region with alopecia and cutaneous 
lacerations (Figure 42-5). In chronic cases, atriquia, fibrosis, hyper- 
keratosis, and extensive cutaneous hyperpigmentation are seen. It is 
important to note that these lesions are secondary to intraspecific 
aggression when overcrowding is an issue within the enclosure and 
are frequently misdiagnosed as parasitic dermatitis.’ Nonetheless, 
skin scraping and biopsy should be performed to rule out infectious 
causes. 

The long hairs on the dorsum of some rodent species may 
undergo a form of autotomia (spontaneous casting of a body part) 
when they get bristled in ritualistic behaviors. Some rodents present 
tissue fragility, possibly mediated by stress, particularly on the 
dorsum and tail areas, which leads to lacerations and hair portions 
peeling off during restraint and immobilization procedures. Direct 
sunlight over the exposed skin without hair protection causes 
intense pruritus, which triggers a cycle of self-mutilation with the 
incisors. This could predispose to abscess and fistula formation, 
which also causes weight loss, emaciation, myiasis, and death. With 
extensive lesions, the prognosis is guarded and the recovery is slow, 
if at all possible. Treatment is symptomatic, and it is suggested to 
keep the affected individual in a separate, shaded enclosure until 
complete healing has occurred.“ Figure 42-5 depicts stress derma- 
tosis in an agouti (Dasyprocta mexicana) with mild signs of skin 
lesions. 


Nutritional Diseases 

Scurvy in guinea pigs is prevented by the use of proper species- 
specific commercial diets in which a stable form of vitamin C (as 
L-ascorbyl 1—2-polyphosphate) has been added to the formulation.” 
Some investigators recommend that supplemental ascorbic acid be 
provided (10 mg/kg daily to nonbreeding animals, 30 mg/kg daily 
to pregnant sovvs).” 

Obesity is also common in rodents fed high-energy diets (e.g., 
grain) combined with little exercise. A study reported that captive 
beavers and woodchucks developed hypervitaminosis D when fed 
on a commercial primate feed that contained vitamin D; or when 
housed with arboreal species of primates.” Herbivorous rodents 
require a high-fiber diet, and captive management of these species 
must warrant the provision of feeds containing nondigestible fiber. 
Consumption of too little fiber causes fur chewing and gut stasis. 
The resultant change in fermentation rate may disrupt pH and motil- 
ity and precipitate gastroenteritis.” 

If fibrous food is lacking in the daily diet of zoo and pet rodents, 
fur chewing is highly possible and becomes an aberrant behavior 
that leads to different clinical issues. 


Miscellaneous Diseases 


Urinary signs such as stranguria and hematuria may be related to 
cystitis, urolithiasis, and secondary urinary tract bacterial infections. 
Dysuria and hunched posture are also clinical signs of urinary dis- 
eases in rodenis.”””” 

Urinary obstruction may be seen in any rodent and in other small 
mammals but is common in male guinea pigs. In all cases, relief of 
obstruction is imperative and must be accomplished rapidly, since 
hyperkalemia is a common consequence of prolonged urinary tract 
obstruction. Urinary catheterization is extremely difficult in small 
rodent species, and cystocentesis is used to relieve bladder overex- 
tension temporarily and is performed only once on the same patient. 
Cystocentesis may be followed by surgical cystotomy, if required. 

Vulvar enlargement, discharge, and hemorrhage are clinical signs 
that may be seen in female rodents suffering cystic ovaries (in guinea 
pigs, more than 75% of sows between 3 months and 5 years of age; 
gerbils), pyometra, pregnancy toxemia, endometritis, dystocia, and 
uterine neoplasia.”” Affected animals may present with abdominal 
distention, anorexia, weakness, depression, and hunching in pain. If 
the cysts are functional, bilateral symmetric hair loss may be seen in 
the flank region.” Ultrasonography and, in cases of larger cysts, 
radiography may support the diagnosis when the treatment of choice 
is ovariohysterectomy. Tissues should be sent to histopathology to 
get an accurate diagnosis. Some authors have reported that therapy 
with human chorionic gonadotropin (hCG) has been used, but with 
nonfunctional serous cysts, only temporary or no response to treat- 
ment is seen.””” 

Amyloidosis in myomorph rodents (mice, rats, hamsters, and 
gerbils) is caused by deposition of the almost insoluble proteinaceous 
matrix amyloid in the kidneys, spleen, adrenal glands, or liver, with 
a higher prevalence in females. Clinical signs depend on the affected 
organ (failure of the organ) and nephrotic syndrome if the kidneys 
are involved. Proteinuria, decreased serum albumin, edema, and 
ascites are common clinical signs. The prognosis is poor, and only 
supportive care is suggested." 

In some Australian rodent species, particularly the greater 
stick-nest rat, genetic predisposition to developing chronic tubular 
nephropathy, possibly secondary to disorders in oxalate metabolism, 
leads to a syndrome known as chronic progressive nephropathy. Clini- 
cal signs include polydipsia or polyuria, wetness around the perineal 
region, and weight loss.° 

Reproductive diseases such as uterine prolapse in guinea pigs are 
commonly associated with parturition. Standard techniques for rein- 
sertion are the same as in other mammalian species, and if the tissue 
is in poor condition, ovariohysterectomy is recommended after sta- 
bilization of the sovv.”””” 

Pyometra is observed clinically in hamsters, gerbils, rats, guinea 
pigs, chinchillas, chipmunks, and prairie dogs, but it is not common. 
Diagnosis is made with ultrasonography, radiology, and cytology 
of the vaginal discharge. Ovariohysterectomy is the treatment of 
choice.”! 

Ejaculatory plugs are formed in rats and mice from epithelial cells 
and spermatozoa and are frequently seen in the bladder of males on 
postmortem examination. Occasionally, these plugs may cause ure- 
thral obstruction and must be differentiated from uroliths.” 


Neoplasia 

Numerous tumor types have been seen in rodents and include 
adenocarcinoma and fibroadenoma of the mammary glands, leio- 
myomas and leiomyosarcomas of the uterus, ovarian adenocarci- 
noma, adrenocortical adenoma, pituitary adenomas (chromophobe 
adenomas of the pars distalis), lymphosarcoma and gastric or cecal 
adenocarcinomas, skin tumors (trichofoliculomas, liposarcomas, 
fibropapillomas of the ear canal, melanomas, melanocytomas, epi- 
theliotropic lymphoma), lymphosarcoma or cavian leukemia (type-C 
retrovirus), insulinomas, alveologenic carcinomas, alveologenic pap- 
illary adenomas, hepatic carcinomas, and testicular interstitial cell 
tumors, among others,” 009105 


Endocrine Diseases 

Diabetes mellitus is a spontaneous disease usually seen in 90-day-old 
Chinese hamsters (associated with autosomal-recessive genes), in 
guinea pigs, mice, and aged gerbils (as a sequela of obesity and high- 
calorie diets). Strains of rats used as biomodels for juvenile human 
diabetes also develop spontaneous diabetes.” Other reported 
endocrine diseases in rodents include hyperadrenocorticism (in the 
hamster in association with adrenocortical adenoma), insulinoma, 
thyroid adenoma, hypothyroidism, blood vessel mineralization, 
parathyroid neoplasia, and pituitary adenomas.””' Many of the 
reported endocrine disease lesions have been diagnosed after death, 
so the clinical significance in rodents is unknown. 


REPRODUCTION 


Important aspects of communication in relation to reproduction that 
have been extensively studied in rodents include chemical factors in 
urine that accelerate and suppress reproduction, express dominance 
and territoriality, and serve as cues of genetic compatibility in mate 
choice." Interesting published data highlight the importance of 
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genetic relatedness in modulating the social behavior of rodents. 
Social groups of kin most often result from philopatry of daughters, 
which, in turn, creates advantages for males that disperse to seek 
unrelated females for mating and to avoid inbreeding or reproduc- 
tion competition in the natal site. Coloniality and sociality, especially 
eusociality, depend on kinship and occur in blind mole-rats, North 
American ground squirrels, desert rodents, some groups of South 
American rodents, and African mole-rats.”” Rodents being such a 
diverse animal group, their reproductive physiology is extremely 
varied. Larger species (capybaras, acouchis, coendus, New World 
porcupines) reproduce once a year, and smaller rodents, in general, 
breed several times in a season.**”° Tables 42-10, 42-11, 42-12, and 
42-13 present general reproductive parameters of selected species of 
rodents. 

Muridae rodents show estrus shortly after parturition and are 
extremely prolific.’’”' It is important to consider breeding female 
guinea pigs before 6 to 7 months of age to prevent permanent fusion 
of the pelvic symphisis.” “”” Female degus have no regular estrus 
cycle, although in wild animals, a pattern of seasonal reproduction 
characterized by two peaks of parturition (early and late spring) with 
a non-reproductive period between summer and winter has been 


Mouse Rat Gerbil Hamster 

Sexual maturity (weeks) 6 both sexes 4-5 both sexes 9-18 male (M) 8M/6F 
9-12 female (F) 

Estrus cycle (days) 4-5 4-5 4—7 4-5 
Estrus length (hours) 9-20 9-20 12-18 8-26 
Gestation (days) 19-21 21-23 23-26 15-18 
Weight at birth (grams) 1-1.5 4-6 2.5-3.5 1.5-3 
Litter size 7-11 6-13 3-8 5-10 
Number of pair of teats 5 6 4 6-7 
Eyes open (days) 12-14 12-15 16-21 12-14 
Altricial or Precocial Altricial Altricial Altricial Altricial 
Weaning (days) 18-21 21 21-28 19-21 


Adapted from references 33 and 51. 


TABLE 42-11 


Guinea Pig Chinchilla Degu Duprasi Chipmunk Prairie Dog 
Sexual maturity (months) Male (M): 3-4 6-8 6 (45 days-20 2.5-3.5 12 2-3 

Female (F): 2-3 months) 
Estrus cycle (days) (average) 15-17 40 Irregular Breed all year 13-14 (11-21) Monoestrus 
Estrus length (hours) 1-16 3-5 Several hours Similar to gerbils 3 5-6 
Gestation (days) (average) 59-72 111 90-93 20-22 31-32 (28-35) 30-37 
Weight at birth (grams) 60-100 30-50 14.1-14.6 2.4-2.6 — — 
Litter size (average) 1-6 (3-4) 1-6 (2) 5-6 (1-10) 1-7 (3) 3-5 (1-10) 2-10 (5) 
Litters per year 3t-o 4 2 >1 Several 1 1 
Postpartum estrus Yes Yes No Unknown No No 
Eyes open (days) At birth At birth At birth 16 — — 
VVeaning (days) 14-21 42 28-42 28 42 6 weeks 
Comments Precocial Precocial Precocial Altricial — — 
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TABLE 42-12 


New 
Patagonian Rock World Lowland İngram”s 
Capybara Agouti Acouchi Hare Cavy Porcupine Coendu Paca Pacarana Coypu Viscacha Squirrel 
Sexual 15-24 6 8-12 8 5-6 19 19 7 3-7 15 18 
maturity 
(months) 
Gestation 145-160 103 99 93 65 203 203 115 222-283 128-132 154 44-48 
(days) 
(average) 
Weight at 500 140 100 76 40 40 700 900 225 200 >10 
birth 
(grams) 
Litter size 1-8 (4) 1-3 (2) 1-3 (2) 2-5 1-2 (1) 1-2 (1) 1-2 (1) 1-2 (1) 1-2 (2) 1-10 (5.5) 1-9 (3) 
(average) 
Litters (per 1 52 1 2 b 1 1 1to2 1to2 2-3 8 2 
year) 
Lactation 6 4 2-3 11 6 10 10 12 6-10 3-8 8 
(weeks) 
TABLE 42-13 
Canadian Beaver Gray Squirrel (Sciurus Woodchuck Muskrat (Ondatra 
(Castor canadensis) carolinensis) (Marmota monax) zibethicus) 
Sexual maturity (months) 24 12-18 +12 12 
Estrus cycle (days) 20-21 
Gestation (days) (average) 105-107 44 30-45 28-35 


Adapted from: Sainsbury, 2005. 


identified.’ The breeding season of chipmunks in the northern 
hemisphere is from March to September in response to the lengthen- 
ing light cycle and increasing temperatures. Ovulation in female 
chipmunks is spontaneous.”” 

In prairie dogs, spring in the northern hemisphere is the breeding 
season, and to adapt natural reproductive behaviors in captivity, it 
is important to consider a colony social situation necessary for suc- 
cessful breeding and rearing. "Among Sciuridae and Muridae, many 
species shovv anatomic and physiologic changes in males, for 
example, the gonads are withdrawn into the abdominal cavity after 
the breeding season and may atrophy.” In chipmunks male testicular 
enlargement starts in January prior to the onset of the female estrus 
eycle in March.” 

Many rodents are seasonal breeders and are seasonally polyes- 
trous (e.g., chinchillas in November to May in the northern hemi- 
sphere); most beavers in January and February whose copulation 
occurs in water (here I am indicating that only the beavers copulation 
occurs in water). A pair of large anal scent glands are present in both 
sexes in beavers and may be confused with testes. To identify male 
beavers, the os penis should be palpated by inserting a finger into 
the cloacal opening.” 

Various factors, including food availability, temperature, and pho- 
toperiod, may affect reproduction in Australian rodents in the wild. 
Reproduction in captive Australian rodents, including the spinifex 
hopping mouse, plains rat, and western chestnut mouse, has been 
successfully accomplished for many generations. Captive breeding 
of Australian rodents for conservation purposes, reintroduction to 


the wild, or both has been promoted for Shark Bay mice (Pseudomys 
fieldi), greater stick-nest rats, and central rock rats.° 

Most rodent species are born naked and helpless and receive care 
in nests. Species in Hystricognati have long gestation periods in 
comparison with other rodents, and at birth, they are usually well 
developed and are usually fully furred, and their eyes are open. They 
also may survive away from their dam within 2 weeks of birth but 
usually are suckled longer.” 

Determining the sex of most rodent species is easy in mature 
animals, but significantly more challenging in very young ones. 
Generally, a reliable method to determine sex is to measure the dis- 
tance between the anus and the genital papilla, as the anogenital 
distance is greater in males than in females, and the genital papilla 
is usually more prominent and has a round opening in the male. 
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Cetacea (Whales, Dolphins, 


Porpoises) 
Christopher Dold 


BIOLOGY 


Cetacea is the order of mammals that includes whales, dolphins, and 
porpoises. Cetaceans are found throughout the world’s oceans but 
most species types have specific or common ranges (Table 43-1). 
Fossil evidence indicates that cetaceans are marine mammal descen- 
dants, a group of land mammals that were characterized by being 
even toed and having an oblong skull and slim limbs with significant 
similarities to that of early whales.” The two suborders within the 
extant order Cetacea are Mysticete and Odontocete. Within the sub- 
order Mysticete, baleen whales, 13 species exist in four families. 
Baleen whales such as blue and humpback whales are so named for 
the large plates of keratinized baleen they have instead of teeth. They 
feed on krill and fish by swallowing large volumes of prey and water 
and then forcing the water out past the baleen, capturing and then 
swallowing the prey. At least 70 species exist within the suborder 
Odontocete, toothed whales, in 40 genera and 10 families. This 
suborder varies greatly in size—from the largest sperm whale (Phy- 
seter macrocephalus) to the smallest Hectors dolphin (Cephalorhyn- 
chus hectori). Toothed whales are known to be social animals that 
exist in both small and large groups; large groupings of over 100 
dolphins are known as superpods. Family groups have been docu- 
mented in several species, and socialized feeding strategies 
are known to be part of the natural history of these animals. Both 
aquatic and marine cetacean species exist, and both have evolved 


anatomically and behaviorally for life in an aquatic environment. 
Nearly all cetacean species are fish eating, or picivorous, and every 
species has evolved to specialize in its niche. 

The cetaceans found in zoologic parks, oceanaria, and stranding 
rehabilitation centers are almost exclusively odontocetes (of the fami- 
lies Delphinidae and Monodontidae). Most reported clinical experi- 
ence has been developed through work with the bottlenose dolphin 
(Tursiops truncatus, T. t. gilli, and Tit. aduncus), given its relative ubiq- 
uity in zoologic parks and oceanaria, as well as in research and 
rehabilitation facilities. Other odontocete species, including the killer 
whale (Orcinus orca), the beluga whale (Delphinapterus leucas), the 
Pacific white-sided dolphin (Lagenorhynchus obliquidens), the harbor 
porpoise (Phocoena phocoena), the short finned pilot whale (Globi- 
cephala macrorhyncus), the Commerson’s dolphin (Cephalorhynchus 
commersonii), and the spotted dolphin (Stenella frontalis), and some 
freshwater species such as the Amazon river dolphin (Inia geoffrensis) 
are successfully housed in zoos and oceanaria. Husbandry and vet- 
erinary care developed for Tursiops may generally be extrapolated 
directly to the other species, with some exceptions, including drug 
dosing and safety, as well as logistical application of diagnostic and 
therapeutic techniques. 

Since the preponderance of species found in zoologic parks, 
oceanaria, and rehabilitation settings are odontocetes, this chapter 
will focus only on their regular as well as medical care, particularly 
that of members of the families Delphinidae and Monodontidae. 


TABLE 43-1 


Scientific Name Weight (Adults, kg) 
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Geographical Distribution 


English Common Names Identification 
Tursiops truncatus Atlantic bottlenose 150-300 Atlantic Ocean most commonly — Prominent rostrum, grey dorsum 
dolphin found along the US east with white or pink ventrum. 
coast and Gulf of Mexico 
Delphinapterus Beluga whale 1200-1600 North Pacific, Arctic ocean, Grey as juveniles, all white as 
leucas Cook Inlet, Alaska, Hudson adults. Absent rostrum, absent 
Bay CAN dorsal fin. 
Lagenorhynchus Pacific white-sided 120-160 Widely distributed around the Black dorsum, white side, and 
obliquidens dolphin temperate pacific basin white ventrum separated by a 
black line. Minimal rostrum. 
Orcinus orca Killer whale 2300-5600 Widely distributed All black with white ventrum and 


characteristic white false eye 
patch immediately caudal and 
dorsal to eyes. 


UNIQUE ANATOMY AND PHYSIOLOGY 


Whales and dolphins are obligate marine and aquatic swimmers and 
have distinctive anatomy. They lack hair and hindlimbs, have fore- 
limbs evolved into flippers, tail flukes used for propulsion, and a 
streamlined body. Further, they have evolved to have a relatively 
large body size and thick blubber layers to maintain homeothermia 
in the generally exothermic aquatic and marine environments. Ana- 
tomic adaptations of the cardiovascular system to support diving, 
breath-holds, and temperature conservation include large, distensi- 
ble veins, venous sinuses, venous valves in the lungs, portal triads 
of the liver, and a venous sphincter in the common hepatic vein at 
the junction of the inferior vena cava below the diaphragm. A mesh- 
work of arteries and veins between the thoracic vertebral bodies, 
called the rete mirabile, and periarterial vascular rete represent tem- 
perature countercurrent exchange systems. These systems allow ceta- 
ceans to peripherally vasoconstrict and still perfuse the brain and 
other organs with warm, oxygenated blood under the pressure and 
temperature extremes experienced at depth. 

The respiratory system is also adapted for life in the water. The 
blowhole is the external nasal opening positioned on top of the head 
of cetaceans. Immediately ventral and lateral to the blowhole are 
right and left lateral vestibular sacs. Paired internal nares separated 
by the nasal septum lead to paired nasal cavities that extend ventrally 
along the cranial aspect of the calvarium to the nasopharynx. The 
elongated epiglottal and cricoarytenoid cartilages of the larynx are 
supported laterally by arytenoepiglottal muscles. This structure is 
frequently referred to as a “goosebeak” because of its shape. It is held 
in its dorsally oriented position by the nasopharyngeal sphincter 
muscle along the dorsal oropharynx. The larynx leads to a short 
trachea. Anterior to the carina is a right-sided accessory bronchus, 
which leads to the anterior portion of the right lung lobe. Cetaceans 
also have extensive pulmonary support structures, including com- 
plete tracheal and bronchial cartilaginous rings that extend beyond 
the mainstem bronchi into deep bronchioles, as well as plates and 
rings of cartilage that extend all the way to the junctions of alveoli. 
Smooth muscle sphincterlike narrowings occur at the terminal bron- 
chioles. The lungs contain a great amount of elastic tissue. A thick, 
dense, elastic visceral pleura covers the nonseptate, nonsegmented 
lungs. 

The upper gastrointestinal (GI) tract of odontocetes is dominated 
by a modified three-chambered stomach. The first chamber (fore- 
stomach) is a large, muscular chamber that collects the meal and 
initiates mechanical digestion. The second chamber (fundic) is the 
glandular stomach that lies ventrolaterally to the first chamber on 
the left side of the animal. Digesta leaves the second chamber through 
a narrow connecting channel on the right side into the elongated 


pyloric chamber. The terminus of the stomach is referred to as the 
duodenal ampula, which is followed by the small and large intestines 
that are essentially uniform in diameter all the way to the rectum. 
Cetacean kidneys are reniculated as in other marine mammals, 
including cattle, with whom dolphins share a common ancestor. The 
evolution of reniculated kidneys in cetaceans is not well understood, 
but reniculated kidneys have a greater surface area than equally sized 
nonreniculated kidneys, which may facilitate filtration of larger 
blood volumes of cetaceans as compared with terrestrial species. 


SPECIAL HOUSING REQUIREMENTS 


As with other species housed in zoologic parks in the United States, 
minimal housing requirements for all marine mammals, including 
cetaceans, are established by the Animal Welfare Act (the Act) written 
and curated by the United States Department of Agriculture. Routine 
inspection of zoos, oceanaria, and research facilities and enforcement 
of the Act are conducted by the Animal Plant Health Inspection 
Service (APHIS) Animal Care program to ensure that appropriate 
standards are applied to animal facilities and that proper care is 
carried out. This includes housing standards and water quality. 
Minimum space requirements required for housing marine mammals 
are described by the Act. The size of cetacean habitats is assessed on 
the basis of depth, volume, surface area, and by a “minimum hori- 
zontal distance,” which is the usable space across the pool. Cetaceans 
are divided into special groups, and space requirements include the 
number of animals allowed per facility. For specifics of housing 
requirements, the reader is referred to the Act. 

As cetaceans are housed exclusively in an aquatic environment, 
the quality of water is a critical component of the animals’ overall 
health and well being. Water management of cetacean housing habi- 
tats exists in two primary forms: open and closed. Open systems are 
lagoon or sea based, and the quality of the water varies, depending 
on the general environment. Closed systems are designed pools that 
are usually filled with synthetic salt water. A hybrid semi-closed (or 
semi-open) system relies on access to natural seawater that is pumped 
into the land-based facility, usually undergoing mechanical filtration 
prior to use in the animal habitat and again prior to effluence. Closed 
systems are the most intensively managed, as the water is continu- 
ously recycled and only periodically replaced. Further, closed 
systems may experience shifts in concentration (salinity, acid-base 
status) because of incidental fresh water additions in the form of rain, 
and run-off. Marine cetacean water systems should be maintained 
with a salinity of 27 to 32 parts per thousand (ppt), but short-term 
variations above or below this range (hours to days) do not pose a 
significant risk to health. 
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APHIS regulates the amount of coliform bacteria in marine 
mammal systems by requiring that samples be collected regularly 
(weekly) and that the most probable number of coliform bacteria not 
exceed 1000 per 100 milliliters (mL) of water. This number may be 
he result of the average of three samples over a 48-hour period. 
Although coliform bacteria may not ultimately be harmful them- 
selves, they are considered “indicator bacteria” in that their numbers 
reflect the efficacy of water disinfection. Chlorine-based oxidants and 
ozone are the principal sterilizing agents applied to marine mammal 
housing systems. Chlorine reacts with the salts in water to form 
potent oxidizers that ultimately act as chemical disinfectants.°' Thus, 
measures of total chlorine in a system, ideally kept below 1 part per 
million (ppm), are indirect indicators of oxidation potential. 

Chlorine-based oxidants and ozone are highly effective water 
disinfectants. In fact, they may maintain water in a more sterile 
condition compared with natural seawater. Future attempts to 
balance the preservation of beneficial microorganisms against the 
removal of potentially pathogenic organisms may enhance the overal 
homeostasis of intensively managed closed water systems. Previous 
efforts to develop efficacious closed systems—purely biologic filtra- 
tion systems without chemical or ozone disinfectants (more similar 
to aquarium systems) while reducing potential risks associated with 
chlorine oxidant exposure—have shown promise.” 

Besides water quality and habitat size, the grouping of animals 
housed together is important. Social groupings and behavioral com- 
patibility of whales and dolphins should be considered in habitat 
design, as the social compatibility of species may be a significant 
factor in their health and wellness. Efforts to house conspecifics 
together are important in their management and are generally rec- 
ognized as the ideal method of housing, if at all possible. 


FEEDING 


All cetacean species housed in zoologic parks are piscivorous. Fish 
species most commonly fed to managed cetaceans include herring 
(Clupea herengus), capelin (Mallotus villosus), and squid (Loligo spp.). 
Other species fed less commonly include Atlantic and Spanish mac- 
keral (Scomber scombrus and Scomberomorus maculatus) and smelt 
(Osmerus mordax). Relative quatities of these fish fed vary, depending 
on the species of cetacean, but all of the commonly managed whales 
and dolphins may thrive on these species of fish. A general rule of 
thumb for adult delphinids and mondontids is to feed 2% to 5% of 
body weight per day (although it varies with species). Fish quality 
is paramount to cetacean health. Individually quick frozen (IQF) fish 
end to be of higher quality and integrity when thawed for feeding; 
however, not all species are available as IQE Fish should remain 
rozen below —2° C until immediately prior to being fed to cetaceans. 
Air thawing of frozen fish beginning 24 hours prior to feeding is 
recommended and is best accomplished in dedicated refrigerators 
that maintain a constant temperature of not more than 5° C. Thawing 
in water has been shown to promote bacterial growth and may 
reduce the nutritional value of the fish. Feeding the whole fish, as 
opposed to fish cut into small pieces, is recommended to avoid the 
potentially negative nutritional consequences of loss of organ meats 
and fats that may accompany the cutting of fish. Spoilage of fish may 
be subtle and may lead to loss of nutritional value and, in mackeral 
and tuna species (suborder Scombroidei), increases the possibility of 
scombroid poisening. 

The nutritional composition of the fish species, specifically the 
fat content, changes seasonally. Therefore, close attention should be 
paid to the time of year when the lots were harvested and the loca- 
tion where the lots were harvested. Proximate analysis of fish lots is 
highly recommended to determine the caloric value of fish species, 
and assessments of peroxidase and histamine levels should be per- 
formed to determine the quality and freshness of the fish. In managed 
cetaceans, body weight should be monitored frequently (twice 
weekly) to assess any potential errors in feeding plans. 

Any potential nutritional disorders are easily avoided with a good 
quality, well-tended fish diet and proper daily supplementation with 


multi-vitamins. There are appropriate multi-vitamin supplements 
developed specifically for piscivorous marine mammals that include 
vitamins A, E, C, and B complex. Thiamine is a critical component 
of any cetacean vitamin supplement. Thiamine deficiency, which 
manifests as depression, body tremors, and central nervous system 
(CNS) signs (e.g., seizures), is a possible nutritional complication of 
a frozen fish-based diet. The freeze-thaw cycle of food fish may 
promote the activity of thiaminases within the fish. Thaimine defi- 
ciency is easily avoided with thiamine supplementation at no less 
han 200 milligrams per kilogram (mg/kg) of fish fed as part of a 
routine multi-vitamin supplementation program.” Thiamine supple- 
ments should be added to the fish immediately prior to feeding to 
assure that thiaminase activity does not reduce the supplements 
efficacy. 

Although the overall impact of the zoologic community on fisher- 
ies is low, current efforts are underway to identify other sustainable 
fish species to provide a nutritionally balanced diet for whales and 
dolphins. Several zoologic parks and oceanaria are investigating 
“novel” fisheries, such as menhaden and mullet, which are smaller 
in scale, sustainable, and may provide for a more diverse nutritional 
profile for managed cetaceans. In addition, fish “analogs” made of 
high-grade sustainable fish meal and supplemented with vitamins, 
prepared in a gel-based form, offer the potential for “ready to make” 
diets that may have improved storage capacity and provide inherent 
nutritional flexibility. 


RESTRAINT AND HANDLING 


Given the large body size of most cetaceans and their unique 
anatomy, restraint and handling present unique challenges. Fortu- 
nately, whales and dolphins are readily trained with operant 
conditioning behavioral techniques. These techniques have been 
comprehensively described by Ramirez.” Behavioral training greatly 
enhances care of cetaceans housed in zoologic parks and significantly 
reduces the need for physical or chemical restraint. A majority of 
clinical procedures may be accomplished through operant condition- 
ing techniques: routine care-related behaviors such as presenting for 
physical examination or sliding onto a scale for body weight mea- 
surement, and allowing routine diagnostics such as blood collection, 
gastric fluid collection, samples of urine, feces, and forced exhaled 
breath, and even endoscopy may be taught with the use of behavioral 
training techniques." 

Animals may be safely removed from the water for most diagnos- 
tic and therapeutic techniques. When necessary, physical restraint of 
smaller cetaceans (bottlenose dolphin, Pacific white-sided dolphin) 
may be accomplished. Animals are placed in thick, lined slings or 
stretchers with holes for the pectoral flippers to pass through (Figure 
43-1). Animals may also be handled on the floors of specially 
designed pools where the water may be rapidly drained or in “false- 
bottom” pools with rising floors that allow the animals to be lifted 
mechanically. Most species of dolphins and small whales do well out 
of the water for extended periods as long as they are protected from 
contact injuries, overheating, and drying out. This is easily accom- 
plished by keeping the animal on closed-cell foam padding, out of 
direct sunlight, and by keeping the skin moist or wet. Behavioral 
desensitization to coming out of the water may be beneficial for some 
animals. Occasionally, naive dolphins may exhibit dyspnea and 
achycardia when removed from the water. These animals will gener- 
ally calm down and stabilize immediately upon being returned to 
he water. Distressed dolphins or whales should be immediately 
placed back into the water and an alternative approach to the medical 
procedure considered. 


Chemical Restraint 


Chemical restraint (sedation and, rarely, general anesthesia) may be 
used for clinical procedures in whales and dolphins. Commonly used 
sedative medications are discussed below (Table 43-2). 


ANESTHESIA AND SURGERY 


The practice of general anesthesia in cetaceans is still limited, given 
their size, and the anatomic and physiologic challenges. Bottlenose 
dolphins may safely and effectively be placed under general anesthe- 
sia, but a cautious, conservative approach is always warranted. Pre- 
anesthetic sedation with a benzodiazepine (diazepam or midazolam) 
facilitates catheter placement. Indwelling peripherally inserted 
central intravenous catheters (PICC) may be placed in the common 
brachiocephalic vein and the hepatic vein. Both veins are best cath- 
eterized under ultrasonographic guidance. The brachiocephalic vein 
is deep, is transverse to the ventral midline cervical region and ante- 
rior to the manubrium, and is accessed with the animal in right 
lateral recumbance. The hepatic vein catheter placement may be 
achieved from both the right and left sides of the animal. In addition 
to offering the same advantages of the brachiocephalic vein 


>> 


FIGURE 43-1 An Atlantic bottlenose dolphin positioned in a 
stretcher preparing for a clinical procedure. Note the fleece lining 
around the holes for the pectoral flippers (Photo Credit: B. Hughes). 


TABLE 43-2 


Selected Chemical Rectraint AGenteç l| 
Selected Chemical Restraint Age ACS 


Category 
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(medication and fluid administration), this site carries the added 
advantage of a lateral approach reducing risk of displacement. 
Hepatic vein catheterization carries the added risk of hepatic bleed- 
ing, so the placement of embolized Gelfoam during removal of the 
catheter is recommended.”””” Indwelling catheter placement when 
the animals are in the water is not recommended; however, con- 
certed work is ongoing to try to solve the challenge of maintaining 
a clean catheter and vascular access site and preventing saltwater 
intrusion. ° 
Propofol achieves smooth and reliable anesthesia when placed 
into a central vein. Intubation is then performed orally (not generally 
through the blowhole), with the elongated larynx redirected rostrally 
by manual manipulation. The trachea is short in cetaceans, and care 
must be taken not to advance the endotracheal tube past the separate 
right accessory bronchus. General anesthesia may be maintained 
with isoflurane, although sevoflurane may improve induction and 
recovery time. A comprehensive approach to anesthesia monitoring 
and support is critical, particularly in the presence of general lack of 
experience and heavy caseload. Applying anesthesia monitoring 
equipment to patients out of the water and without sedation is as 
important as applying it to the fully anesthetized patient, if only to 
help preassess the individual animals normal heart and respiratory 
rates, core temperatures, and reflexes. ” 
Respiratory support is generally not necessary in sedated animals 
hat are still spontaneously ventilating. For general anesthesia in 
dolphins, successful mechanical ventilation is necessary and may be 
performed with ventilators that allow for an apneustic plateau (pro- 
onged inspiratory hold) in the ventilation cycle. This is particularly 
true for procedures of longer duration. However, the apneustic 
plateau ventilatory cycle may not be necessary for shorter proce- 
dures.** Monitoring end-tidal carbon dioxide (EtCO,) as an indicator 
of adequate ventilation and perfusion is recommended for dolphins 
under general anesthesia, and it may be helpful even with dolphins 
under sedation (not intubated). EtCO, measurements should always 
be checked against the patients partial pressure of CO, (pCO) 
before determining just how representative the measured EtCO, is 
of true alveolar CO). Blood gas levels may be measured as in other 
animals, and normal ranges appear to be similar to those in other 
mammals. Because of the vascular anatomy of cetaceans, collecting 


Drug Name Dosage Route Comments 
Sedatives Diazepam 0.1-0.2 mg/kg IM Intramuscular diazepam is not absorbed as readily as midazolam; 
longer time to drug effect should be expected. 
0.25-1.0 mg/kg PO Larger doses reserved for research or for animals that may have 
become refractory to smaller oral doses of diazepam. 

Midazolam 0.05-0.15 mg/kg IM Provides good plane of sedation lasting about 45-60 minutes. 

**Flumazenil responsive atrial fibrillation noted in select cases; 
caution when using in species other than Tursiops truncatus ** 

Flumazenil 0.005 mg/kg IM, PO, IV, sublingual Can be given at equal volume of midazolam when midazolam is 
5 mg/ml and flumazenil is 0.5 mg/ml. Usually titrate dose to 
effect. 

Butorphanol 0.05-0.15 mg/kg IM Provides sedation adequate for bronchoscopy and other minor 
procedures. Possible drug reactions seen when combined with 
bronchodilators. 

Meperidine 0.1-2.0 mg/kg IM Given in combination with midazolam may produce deep level of 
sedation that is reversible. 

Tramadol 0.15-0.2 mg/kg PO Given in combination with diazepam (0.15 mg/kg) provides 
sedation adequate for tooth extraction. 

[Naloxone] 5-10 mg/kg IM/IV Butorphanol and meperidine reversal 

[Naltrexone] 0.005 mg/kg IM/IV Opioid reversal 
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a purely arterial sample or a purely venous sample is possible but 
difficult. A truly venous sample may be collected from the brachio- 
cephalic and hepatic veins as described above. 

Heart rate may be monitored with electrocardiography as in other 
species. Normal, stable animals should have a profound resting sinus 
arrhythmia. The sinus arrhythmia will subside under anesthesia and 
may be overridden if the animal is at all anxious. Perfusion is difficult 
to measure with standard pulse oximetry; however, use of an imped- 
ance probe on the tongue may produce results. Central venous 
pressure (CVP) may be measured in bottlenose dolphins through an 
indwelling intravenous catheter placed in the common brachioce- 
phalic vein, as previously described, or by PICC line placed via the 
hepatic vein into the caudal vena cava under ultrasonographic 
guidance “° 

Body temperature may be monitored with a flexible thermometer 
probe placed rectally to a depth of 15 to 25 centimeters (cm) depend- 
ing on the animals size; however, vascular heat exchange systems for 
internal gonads may interfere with thermometer readings if the probe 
is placed too deep or too shallow and lead to misinterpretations of 
core body temperature readings. Depth of anesthesia may be deter- 
mined through assessment of reflexes as in other mammals. Palpe- 
bral and corneal responses, response to manipulation of the blowhole, 
jaw tone, and swallow reflexes are all appropriate. 


DIAGNOSTICS 


For the smaller cetaceans, the majority of diagnostic procedures may 
be performed as they would in terrestrial mammals. As mentioned 
previously, many procedures may be accomplished without chemical 
or physical restraint. With large body size (belugas and killer whales) 
come limitations in the application of diagnostic techniques (imaging 
and visceral biopsy). Previous editions of this book”” have stated that 
cetaceans may mask signs of clinical illness, and the point bears 
repeating. Factors intrinsic to the animal or present in the environ- 
ment indicate that serious disease may exist within a dolphin or 
whale that appears completely normal externally. Bodily functions 
such as urination and defecation are difficult to appreciate under the 
best of circumstances and changes in breathing, body posture or 
other illness cues may be subtle. Therefore, a robust and routine 
preventive health program is critical. Any small indicators of disease 
such as partial or complete inappetence should be immediately and 
horoughly examined. 
Routine preventive care is a mainstay of wellness programming 
for cetaceans housed in zoos and oceanaria, as regular health assess- 
ments may increase the liklihood of early disease detection. A robust 
preventive care program includes hematology and serum chemistry 
surveillance at regular intervals, routine physical examinations, and 
additional routine biologic specimen assessment, including, but not 
imited to, assessment of urine, feces, gastric fluid, and swabs or 
orced exhaled breath samples from the blowhole. Multiple health 
assessments per year are recommended for all managed cetaceans. 
Body weight should be regularly assessed. A comprehensive visual 
examination of the animal should be performed, and a hands-on 
physical examination is valuable despite the limitations with regard 
to palpation and auscultation in many terrestrial mammals. 
Heart rate and body temperature (rectal) should be noted. Respi- 
ratory rate and character are imporant to assess, since changes in 
breathing, which may be subtle, may still be appreciated. Complete 
blood cell (CBC) count and serum chemistry analysis should be 
performed. Multiple phlebotomy sites are available,” but the most 
commonly accessed site for routine blood analysis is a superficial 
periarterial vascular rete (PAVR) located on both the dorsal and 
ventral midlines of the fluke blades (Figure 43-2). Blood collected 
rom this and other PAVR sites is nearly always a mixture of arterial 
and venous blood. Hematology (Table 43-3) and serum biochemistry 
(Table 43-4) reference values for bottlenose dolphins, killer whales, 
and beluga whales are included for reference, and excellent discus- 
sions of cetacean hematology and clinical chemistry have been 
reported by Reidarson.*’*! Reference intervals from both in situ 


FIGURE 43-2 Routine phlebotomy from the tail periarterial vascular 
rete (PAVR) in an Atlantic bottlenose dolphin (Tursiops truncatus) 
(Photo Credit: C. Dold). 


(free-ranging) and ex situ (housed in zoologic parks or oceanaria) 
populations of cetaceans are available, and considerable parity exists 
between the two. Age may affect the reference ranges. Recent work 
by Venn-Watson et al.” suggests that older, managed bottlenose 
dolphins demonstrate statistically, if not clinically, significant age- 
related hematologic (red blood cell [RBC] distribution width) and 
serum chemistry (albumin, globulins, creatinine) changes in animals 
older than 30 years. Pregnancy-associated alterations are also seen 
and should be considered when evaluating blood values in pregnant 
females.” 

Free-catch urine may be collected from trained animals and 
through direct catheterization. Male cetaceans have a sigmoid penis 
and elongated urethra necessitating a longer catheter than might be 
expected. Gastric samples, fecal samples, and swabs or forced 
exhaled breath (“chuff”) samples from the blowhole are readily col- 
lected. Cytologic assessment of these samples may be informative. 
However, microbiologic assessment is often confusing and may be 
poorly representative of disease, particularly under the context of a 
health assessment. 


Additional Diagnostics 


Ultrasonography is easily performed in cetaceans making it a very 
good alternative diagnostic tool for the manual palpation and 
auscultation performed in terrestrial animals. Routine screening 
scans of the abdomen and thorax may identify abnormalities that 
may warrant further follow-up. 

Ultrasonography is also a valuable imaging tool in the presence 
of disease. Thoracic” and abdominal ultrasonography and examina- 
tion of peripheral lymph nodes and the thyroid gland may be per- 
formed with this diagnostic modality. Several machines work well 
for ultrasonography in cetaceans, but given their large body size, 
depth and image quality at 20 to 30 cm is critical. Given that ultra- 
sonography can be performed poolside, with the animals willingly 
participating in the examination, a portable ultrasound machine 
works best. Ultrasound-guided needle aspirates and biopsies are 
readily collected from liver, lymph nodes, and even superficial pul- 
monary and pleural lesions. The “Bio-Pince” full-core biopsy instru- 
ment (Angio-Tech, Denmark) works well for collecting quick, 
complete organ biopsy samples. Regional anesthesia with 2% lido- 
caine is recommened prior to biopsy. 

Radiography is easily performed in adult bottlenose dolphins and 
smaller cetaceans.’ Digital radiography of bottlenose dolphins 
allows for thorough and detailed examination of the skull, spine, 
thorax, and abdomen, although the lack of visceral fat limits abdomi- 
nal radiographic assessments. Larger animals (belugas, pilot whales, 
and killer whales) are too big for commercially available diagnostic 
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TABLE 43-3 EEE 


Orcinus Orca 


Tursiops Truncatus 


Tursiops Truncatus Delphinapterus Delphinapterus 


Parameter Unit (Ex Situ) (Ex Situ) (In Situ)? Leucas (Ex Situ)' ° Leucas (ln SituP 

Hemoglobin g/dL 13.5—15.5 13.5-15.5 12.6-15.7a, 19-22 16.5-22.8 
12.0-15.5b 

Hematocrit % 40-46 38-44 37-47a, 35-46b 50-60 43.0-60.0 

RBC M/uL 3.5-4.3 3-3.7 3.3-4.2a, 3.1-3.9b 3-3.4 3.4-4.4 

MCV fL 105-115 115-135 103-124a; 163-185 100.0-204.2 
106-131b 

MCH pg 35-40 38-48 35-42a, 36-43b 59-66 44.3-71.4 

MCHC g/dL 34-36 34-46 32-37 36-38 34.5-46.2 

Platelets K/uL 120-230 80-150 104-253 60-130 

MPV TL 13-17 12-15 11.6-13.4 

N RBC/100WBC 0 0 0-1 

Reticulocyte % 0.7-2.5 1-2.3 0.3-0.8 

WBC 1000/uL 4-8 5-9 7.1—17.5 5-9.5 12.0-27.8 

Bands % 0-3 1-5 n.d. 

Neutrophils (rel) % 60-80 56-75 50-70 

Neutrophils (abs) 1000/uL 2.5-9.9 4.4-9.9 

Lymphocytes (rel) % 15-35 13-35 18-34 

Lymphocytes (abs) 1000/uL 0.6-4.2 4.4—7.7 

Monocytes (rel) % 2-8 4-6 4-10 

Monocytes (abs) 1000/uL 0-1.0 0.2-1.6 

Eosinophils (rel) % 1-3 4-18 2-9 

Eosinophils (abs) 1000/uL 1.8-8.1 2.2-4.7 

ESR mm/60min 0-2 4-17 0-9 10.0-40.0 

Fibrinogen mg/dL 170-330 170-400 70-130 76.0-240.0 


'Reidarson, 2003. 
?Schvvacke, et al. 2008; (a) adult male, (b) adult female 
3Norman et al. 2012. 


radiology equipment to penetrate or image their thorax or abdomen. 
Skull, teeth, and flippers, however, may be radiographed in these 
big animals. Computed tomography (CT) is an immensely valuable 
and powerful diagnostic tool and may be performed in Tursiops and 
smaller cetaceans under appropriate conditions. 

Flexible endoscopic examination may be performed in cetacean 
patients and is useful under behavioral control or under chemical 
restraint. ” All modalities of flexible endoscopy may be accom- 
plished, but gastroscopy and bronchoscopy are most commonly 
performed. Scope sizes and types are best recommended on the basis 
of use and the size of the animal. However, in the Atlantic bottlenose 
dolphin, bronchoscopy may be performed with a standard human 
bronchoscope (60 cm x5 mm) with an instrument channel that 
allows for the passage of protected balloon catheter, for bronchoal- 
veolar lavage (BAL), or a protected cytology brush. Topical lidocaine 
anesthesia improves patient tolerance of bronchoscopy and reduces 
coughing and bronchospasm. Gastroscopy and colonoscopy may be 
performed with a standard human colonoscope (200-300 cm 
x1 cm). The colonoscope is useful for examination, biopsy, and 
retreival of foreign bodies from the upper GI tract. 


DISEASES 


Selected infectious diseases, parasitic diseases, and noninfectious 
diseases of odontocete species are summarized in Tables 43-5, 43-6, 
and 43-7, respectively. The most common infectious agents have 
been well defined and described by Dunn et al.” and Reidarson.”” 


Emerging pathogens and diseases that are getting increasing atten- 
tion and significance are discussed in more detail below. Overall, 
bacterial and parasitic lung infections are the diseases most com- 
monly identified in stranded cetaceans,’ and infectious respiratory 
disease is the most common general disease category in cetaceans," 
as it is in many terrestrial species. 


Viral Diseases 


Viruses are an emerging category of pathogens in cetaceans. The 
number of known cetacean viruses is relatively low, but new viruses 
are being revealed by the latest laboratory and diagnostic techniques 
with increasing regularity and efficiency. Dolphin morbillivirus (also 
cetacean morbillivirus, pilot whale morbillivirus) is the most well- 
studied and well-understood cetacean virus, and it is known to cause 
debilitation, severe pneumonia, and encephalitis. This single- 
stranded ribonucleic acid (RNA) paramyxovirus is responsible for 
mortality in in situ populations of cetaceans around the world but 
appears to be most prevelant in the Atlantic ocean. However, cases 
have been identified in Australia”” and in western United States. 
Polymerase chain reaction (PCR)-based testing is available. Besides 
mass strandings and mortality events, cetaceans with single-stranded 
RNA may be infected with morbillivirus, and it should be a primary 
disease and biosecruity consideration for any rehabilitation facility 
with resident cetaceans housed in proximity or within the same 
water system. Further, personnel working with stranded cetaceans 
undergoing rehabilitation should not work with naive cetaceans 
without prior decontamination. 
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TABLE 43-4 

Orcinus Orca’ Tursiops Truncatus Tursiops Truncatus” Delphinapterus Delphinapterus 
Parameter Unit (Ex Situ) (Ex Situ) (In Situ) Leucas! (Ex Situ) Leucas? (In Situ) 
Glucose mg/dL 110-135 90-170 60-121 84-124 99.0-159.0 
BUN mg/dL 30-50 42-58 42-76a, 43—75b 47-59 52.0-94.0 
Creatinine mg/dL 0.8-2.0 1.0-2.0 1.0-1.9a; 0.9-1.6b 1.2-1.6 0.1-3.8 
Total Bilirubin mg/dL 0.1-0.2 0.1-0.2 0.0-0.2 0.1-0.2 0.0-0.3 
Cholesterol mg/dL 140-280 150-260 88-236 170-260 126.0-254.0 
Triglycerides mg/dL 80-180 45-170 35-134 81-201 
Total Protein gm/dL 5.5-7.5 6-7.8 6.7-8.8 5.7-8.7 
Albumin gm/dL 3-3.7 4.3-5.3 3.8-5.1 4.1-4.7 3.7-5.3 
Globulin gm/dL 2-3.4 1.3-2.5 2.1—2.2 1.6-2.8 2.9-6.0 
ALP U/L 100-700 300-1300 55-342 100-220 330-610 
ALT U/L 10-40 28-60 15-66 3-10 14-38 
AST U/L 35-60 190-300 160-586 45-80 58.0-188.0 
GGT U/L 8-25 30-50 15-33 16-36 19-43 
CK II U/L 60-230 100-250 91-213 80-180 70.0-664.0 
LD U/L 280-400 350-500 329-530 100-220 
Calcium mg/dL 8-9.5 8.5-10 8.5-10 9.1-10.6 10.7-14.6 
Phosphorus mg/dL 5-7 4-6 3.3-6.8 4.5-5.8 6.4-10.8 
Sodium mEq/L 154-158 153-158 152-160 153-159 157.0-171.0 
Potassium mEq/L 3.5-4.5 3.2-4.2 3.2-4.5 3.5-4.1 2.9-8.5 
Chloride mEq/L 115-125 113-125 107-124 111-120 101.0-118.0 
CO2 mEq/L 25-30 23-30 17-38 
Iron meg/dL 50-130 120-340 42-144a, 44-156b 195-380 117.0-442.0 
"Reidarson, 2003. 
?Schvvacke, et al. 2008; a) adult male, b) adult female 
3Norman et al. 2012. 
TABLE 43-5 
Category Agent Disease Treatment/Management/Prevention Comment 


Viral Herpesvirus Dermatitis, proliferative Cryotherapy Sexual transmission likely, lesions 
genital lesions are generally self-limiting, 
significance to reproductive health 
unknown. 
Morbillivirus Pneumonia, Encephalitis Supportive care, euthanasia may be Serial PCR testing of whole blood 


indicated for welfare or 
biosecurity reasons 


and blow hole swabs or exhaled 
breath samples are recommended 


Papillomavirus 


Proliferative lesions on 
mucous membranes 
(frenulum, tongue, penis, 
vagina) 


Cryotherapy, local resection 


Oral lesions may undergo neoplastic 
transformation; metastatic spread 
possible 


Parainfluenza virus 
(TtPIV1) 


Pneumonia, tracheitis 


Supportive care 


Pox virus 


Cutaneous “tattoo” lesions 


Not generally required 


Commonly found in all delphinidae 
and monodontidae species 


West Nile Virus Encephalitis Supportive care, steroids are Antibodies present in free-ranging 
contraindicated bottlenose dolphins 
Bacterial Bartonella Anemia Appropriate antimicrobial therapy PCR on whole blood or buffy coat. 


Consider as differential diagnosis 
for anemia. 


TABLE 43-5 


Category 


Agent 


Disease 
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Comment 


Brucella ceti 


Abortion, osteomyelitis, 
discospondylitis 


Appropriate antibiotic therapy based 
on culture and sensitivity 


ELISA tests available. 


Erysipelothrix 
rhusiopathie 


Mycobacteria spp. 


(M. chelonea, M. 


abscessus, M. 
marinum) 


Peracute septicemia, 
“diamond skin disease” 


Pneumonia, granulomatous 
dematitis 


Aggressive antibiotic treatment 
based on high index of suspicion 
in non-vaccinated animals. 


Appropriate antibiotic therapy based 
on culture and sensitivity, 
long-term treatment may be 
necessary 


Vaccination recommended in 
managed cetaceans 


Nocardia spp. 


Pneumonia, cutaneous 


Trimethoprim:Sulfadiazine (1:2) 


abscessation formulation plus folic acid 
supplementation 
Pseudomonas Pneumonia Appropriate antibiotic therapy based Antibiotic resistance common; 
aeruginosa on culture and sensitivity reported in free-ranging cetaceans 


without any clinical exposure. 


Staphylococcus spp. 


Pneumonia, septicemia 


Appropriate antibiotic therapy based 
on culture and sensitivity 


Antibiotic resistance common; 
reported in free-ranging cetaceans 
without any clinical exposure. 


Fungal Aspergillus spp. Invasive pneumonia, Systemic and aerosol antifungal Antifungal resistance common 
obstructive tracheitis therapy 
Candida spp. Oral form most common, Systemic antifungal therapy. Antifungal resistance common, in 
systemic spread possible Empirical antiyeast treatment vitro sensitivity does not always 
during aggressive or long-term equate to in vivo efficacy. 
antibiotic treatment. 
Coccidiomycosis Pneumonia, systemic Long-term systemic antifungals. Lifelong antifungal therapy 
spread recommended in some cases. 
Cryptococcosis Bronchopneumonia, Systemic antifungal therapy 
systemic spread 
Lacaziosis Cutaneous granulomatous Few options. Surgical resection if Potentially zoonotic 
disease lesions are interfering with vital 
functions. 
Zygomycosis Pulmonary, cutaneous, Resection and aggressive antifungal Fungus is locally aggressive and 
abdominal abscessation treatment recommended. invasive. High mortality rate 
associated with class of fungal 
infection. 
TABLE 43-6 
Disease Etiology Location in Adult Host Clinical Signs Diagnosis Management/Prevention 
Encephalitis Apicomplexans: CNS, cardiac muscle, CNS signs Serology, CSF Unknown, consider 
Toxoplasma gondii, skeletal, clindamycin as safe 
Sarcocytis neurona, disseminated option. In zoos and 
Neospora caninum oceanaria consider 
new exposure risks 
(feral cats, etc.) 
Trematodes: Nasitrema, Nasal sinuses, large Aberrant migration None; index of Praziquantal 
Hunterotrema airways into the brain suspicion in 
causes CNS signs rehabilitation cases 
based on signs, and 
presence in exhaled 
breath samples. 
Enteritis Nematodes: Anisakis, Stomach, proximal Gastric ulceration, Fecal float, endoscopy Ivermectin 
Contraceacum, intestines enteritis 
Pseudoterranova 


Continued 
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TABLE 43-6 
Disease Etiology Location in Adult Host Clinical Signs Diagnosis Management/Prevention 
Cestodes: Intestines, colon Fecal float, direct Praziquantal 
Strobilocephalus examination 
triangularis, 
Diphylobothrium. 
Pneumonia Nematodes: Halocercus, Lungs and pulmonary Dyspnea, coughing Fecal float, direct Ivermectin, 


Stenurus, Pseudalius 


arteries 


(“chuffing”) 


exam, worms may 
be passed from 


Fenbendazole 


blowhole, visible on 
bronchoscopic exam 


Hepatitis Trematodes: Campula, Liver and bile ducts Abdominal signs, Fecal direct, abdominal Praziquantal 
Oschmarinella, elevated hepatic ultrasound may 
Zalophatrema transaminases show distended bile 
ducts 
Nephritis, Nematode: Crassicauda Mammary gland ducts, Mastitis, hematuria Ultrasound Ivermectin 
mastitis renal collecting duct 
TABLE 43-7 
Disease or Syndrome Etiology Prevalence Signs Management 
Dystocia May be more commonly Uncommon Prolonged second stage Fetotomy and extraction. 


associated with death 
of full-term fetus 


labor, failure to deliver 
fetus 


Weekly ultrasound exams 
during prenatal period 
recommended to confirm 
fetal viability and anticipate 
problems. 


Gastric ulceration 


Systemic illness, chronic 
antimicrobial therapy, 
Helicobacter spp. 


Occasional problem 


Abdominal discomfort, 
anorexia, hemorrhagic 
gastric fluid, regenerative 
anemia 


GI protectants, remove 
inciting cause. Antibiotic 
therapy for Helicobacter 
infection. 


Hepatitis/hepatopathy 


syndrome 


Unknown (potentially 
unidentified viral 
etiology) 


Only identified in 
T. truncatus 


Partial to complete 
anorexia, elevated serum 
hepatic transaminases, 
+/- increased serum iron 
and transferrin levels 


Corticosteroids, 
hepatoprotective 
medications. Therapeutic 
phlebotomy to treat iron 
overload may result in 
improved liver condition. 


Intestinal volvulous 


Enteritis, hypermotility, 
may be predisposing 
diseases 


All species 


Transient, recurrent, and/ 
acute abdominal pain/ 
discomfort 


Treatment extremely difficult. 
Maintain high index of 
suspicion and use 
abdominal ultrasonography 
to early changes. 


Oral mass Oral squamous cell T. truncatus most Proliferative or ulcerative Surgical ressection early in 
carcinoma common species lingual and/or frenular disease recommended. In 
lesions. Spread to females, preventing 
regional lymphnodes and pregnancy may slow 
lungs is possible. development of advanced 
tumors. 
Urolithiasis Unknown, metabolic vs. Tursiops truncatus, Hematuria, abdominal pain, Oral fluids. Urethroscopy and 


dietary 


prevalence greater 
in some managed 
populations 


azotemia 


lithotripsy may be needed 
for obstructive disease. 


Several new viruses have been reported in recent years as diag- 
nostic laboratories specializing in marine mammal disease have 
become available. These viruses are not always directly associated 
with disease, but their presence suggests and reinforces the idea that 
viral diseases may remain undiagnosed in cetaceans. A novel 


parainfluenza virus (TtPIV-1) was identified in an adult Atlantic 
bottlenose dolphin and was associated with pneumonia and mortal- 
ity in this animal.’' While the virus was not the sole infectious agent 
found in this case (Candida glabrata and a mixed bacterial population 
were also found), the virus had been isolated before the animals 


death and was considered a possibile contributing factor. Other 
dolphins with evidence of inflammatory respiratory disease within 
this population developed antibodies to the virus.” 

An enterovirus was cultured from a tongue lesion of an ex situ 
bottlenose dolphin with hematologic signs of inflammation.” This 
virus may have been responsible for a small epizootic in this popula- 
tion of managed dolphins as several other animals in this group, also 
experiencing varying degrees of illness (inflammatory blood changes 
and reduced appetite), showed elevated antibodies to the same virus. 
Direct evidence of disease was not confirmed. 

Astroviruses have been isolated from marine mammals, including 
a bottlenose dolphin.” Although GI disease was not identified in this 
animal, astroviruses are known to cause secretory diarrheas in other 
mammal species. 

West Nile virus (WNV) has been reported in a killer whale,’ and 
serologic screening of in situ bottlenose dolphins (Tursiops truncatus) 
from the Indian River Lagoon has demonstrated that these free- 
ranging animals have antibodies to VVNV, indicating that free-ranging 
cetaceans are susceptible to mosquito-borne viral infections.’ Arbo- 
viral infection should be included as a differential diagnosis for any 
cetacean with clinical signs of CNS disease and are not limited to 
cetaceans with a unique exposure profile. 


Bacterial Diseases 


Erysipelothrix rhusiopathie is a gram-positive rod bacterium that 
affects cetaceans, causing either a peracute septicemia and potential 
mortality, just as in pigs, or a dermatologic, diamond skin disease. 
It has been reported in both in situ and ex situ delphinids.”” The 
bacteria are commonly found in the mucous layer of feed fish, and 
growth may be promoted in association with poor food handling 
practices. Diagnosis of the disease may be performed with blood 
culture; however, given the peracute and often consuming nature of 
the systemic form, treatment is, and commonly should be, initiated 
prior to the results of any culture-based testing. Fortunately, Erysip- 
elothrix is usually sensitive to a wide variety of antibiotics, including 
fluoroquinolones and potentiated B-lactams. Additionally, vaccina- 
tion programs may control the disease in cetaceans. 

Nocardia, a gram-positive rod bacterium, has been reported in 
odontocetes and may cause high mortality with multi-organ disease 
in some species, including Atlantic bottlenose dolphin (Tursiops trun- 
catus), beluga whale (Delphinapterus leucas), and killer whales 
(Orcinus orca). The most common presentation of nocardiosis in 
marine mammals is the systemic form, involving two or more organs. 
Organs most frequently affected have been reported to be the lungs 
and thoracic lymph nodes in 8 of 10 cases in cetaceans.”” However, 
cutaneous nocardia abscess presentations have been seen in ex situ 
beluga whales and may be identified prior to systemic spread. These 
cases may respond well to early, aggressive antimicrobial treatment. 
Trimethoprim sulfadiazine (1:2 formulation) may be efficacious in 
reducing, but not eliminating, the risk of bone marrow suppression 
(Schmitt, personal communication). 

Mycobacterial species, including M. abscessus, M. chelonea, and 
M. marinum, have been reported in ex situ and in situ odontocetes 
and, being another acid-fast, rod-shaped intracellular bacterium, is 
a primary differential for Nocardia. Respiratory’ and cutaneous” 
forms have been reported in managed bottlenose dolphins, and 
serum antibodies have been found in free-ranging Atlantic bottlenose 
dolphins along the mid-U.S. Atlantic coast. Protracted treatment 
with appropriate antibiotics may be necessary. Tuberculosis-causing 
mycobacteria have not been reported in cetaceans. 

Brucella infections are another emergent disease in cetacean 
species. B. ceti is the species most commonly identified in cetaceans. 
This bacterium has caused vertebral osteomyelitis'’ and has been 
responsible for abortions in bottlenose dolphins.”” It has been iso- 
lated from both managed and in situ cetaceans.”” 

Salmonella newport was isolated from, and was the causative agent 
for, oomphaloarteritis in a stranded neonatal killer whale (Orcinus 
orca).° 
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Bartonella spp. have been identified with PCR-based testing in 
both in situ and ex situ odontocetes, including bottlenose dolphins," 
harbor porpoise, and beluga vvhales.”” Transmission of this agent is 
still poorly understood in cetaceans. It may cause disease and was 
associated with profound anemia and considered a contributing 
factor in the death of an ex situ beluga whale. Testing for Bartonella 
infection should be considered in anemic cetaceans. 

Antibiotic resistance is important to consider in cetaceans, as in 
other animals. Antibiotic-resistant bacteria have been isolated from 
in situ bottlenose dolphins from routine fecal, gastric fluid, and 
blowhole swab samples collected during health assessments on in 
situ bottlenose dolphins. Escherichia coli, Pseudomonas sp., and 
methicillin-resistant Staphylococcus aureus (MRSA) were among 
bacteria cultured from samples.” Therefore, antibiotic resistance is 
an important consideration even in stranded cetaceans that might 
otherwise be considered “naive” to antibiotic treatment. 


Fungal Diseases 


Invasive fungal infections are found in cetaceans. Coccidiomycosis, 
cryptococcosis, blastomycosis, histoplasmosis, zygomycotic disease, 
and invasive aspergillosis have all been reported.*’ Serum-based 
testing (antigen and antibody) are available for most of these agents; 
however, sensitivity and specificity for cetaceans have not been eval- 
uated. Diagnostics focused on identifying the organism in vivo are 
recommended, and in most cases, the affected organs are the lungs 
and lymph nodes, and cutaneous abscesses also occur. As such, 
radiography, CT, bronchoscopy with BAL, and ultrasound-guided 
biopsy or needle aspiration are the diagnostic modalities of choice. 
Infection with Aspergillus spp. is not uncommon in cetaceans. The 
respiratory system is most commonly affected causing pneumonia 
and bronchopneumonia. Severe, obstructive trachetitis, vvith intra- 
chondral Aspergillus invasion has been reported.'' Mortality is high 
in these cases. Early identification of changes in respiratory quality 
and character is important, as these signs may be indicative of large 
airway disease that may not show expected hematologic changes. 
Treatment options for obstructive tracheitis are limited. A combina- 
tion of aerosol therapy and sytemic antfungal therapy may offer the 
best treatment option. Aerosol therapy allows for aggressive local 
therapy with potentially toxic antifungals such as amphoteracin B 
while minimizing negative systemic effects of this medication. 

Overgrowth of otherwise normal flora, including Candida spp., 
progressing to oral, urinary, esophageal and regional candidiaisis is 
possible. The disease syndrome and severity may vary. Overgrowth 
of Candida may be a result of long-term antibiotic therapy, aggressive 
antibiotic treatment, or both; however, spontaneous disease is pos- 
sible. Prevention measures include prophylactic oral nystatin (7000— 
14000 international units per kilogram [IU/kg], two or three times 
daily [BID/TID]) during antibitotic treatment. Therapy for candidia- 
sis and other fungal infections should generally be based on culture 
and antimycotic susceptibility testing; however, in vitro antimycotic 
susceptibility profiles may not always acurately reflect in vivo effi- 
cacy. Candida spp. show high resistance to itraconazole and flucon- 
azole, but voriconazole has shown efficacy in some cases. For all 
other fungal infections, long-term and, in some cases, life-long anti- 
fungal treatment is necessary. 

Lacaziosis (formerly lobomycosis) is a chronic granulomatous 
skin disease caused by the yeast-like organism Lacazia loboi (formerly 
Loboa loboi), which been shown to affect bottlenose dolphins, par- 
ticularly from the Indian River Lagoon on the east coast of Florida.” 
This disease is considered potentially zoonotic, as humans are the 
only other species known to be infected by this organism. One case 
of presumed transmission from dolphin to human (an aquarium 
employee) has been reported. The disease is not responsive to 
medical treatment in dolphins, and repeated surgical excision with 
wide margins may be necessary. 


Parasitic Diseases 


Selected parasites found in cetaceans are listed in Table 43-6 and 
have been extensively reviewed by Dailey.’ Given that managed 
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whales and dolphins are fed frozen fish with no active or infectious 
parasite burden, nematode, cestode, and trematode infections are 
almost exclusively a concern for in situ cetaceans and most relevant 
in the rehabilitation of stranded whales and dolphins. With the risks 
of drug resistance developing in these parasites, intervention with 
appropriate antiparasitic medication is generally reserved for the 
most severely debilitated animals, and consideration should be given 
o the prospect of that animals return to the wild. 

Protozoal organisms identified in cetaceans include Toxoplasma 
gondii and Sarcocystis neurona. T. gondii is a newly emerged pathogen 
in several marine mammal orders, including cetaceans. This proto- 
zoa has also affected in situ species, including Atlantic bottlenose 
dolphins, Indopacific bottlenose dolphins, spinner dolphins, 
stripped dolphins, Risso’s dolphins (Grampus griseus), and beluga 
whales. It has been reported in ex situ Atlantic bottlenose dolphins 
and belugas.'* When disease manifests, it is commonly neurologic 
as in other animals, although cardiac muscle and systemic manifesta- 
tions are also possible. A serological survey of 22 St. Lawrence 
estuary beluga whales indicated an overall seroprevalence of 2796,” 
indicating that T. gondii is widespread in this population. Evidence 
of vertical transmission has also been reported in a stranded Rissos 
dolphin, with the protozoans identified in fetal tissues and pla- 
centa.** As cases may be identified before death on the basis of 
serology, treatment should be directed accordingly. No published 
treatment regimens are available, but use of clindamycin should be 
considered safe in most cetacean species. 


Noninfectious Diseases 


Selected noninfectious diseases have been discussed in Table 43-7. 
Two diseases of importance have received increased attention recently 
and are discussed here. 

Hepatitis of unknown etiopathogenesis has been reported in 
Atlantic bottlenose dolphins. The primary behavioral presentation is 
partial to complete anorexia and may be characterized clinically by 
an inflammatory blood profile and a progressive rise in hepatic 
ransaminase values (serum alkaline phosphatase [SAP], lactate 
dehydrogenase [LDH], alanine aminotransferase [ALT], aspartate 
aminotransferase [AST], gamma glutamyl transferase [GGT]) and dra- 
matic increases in serum iron. The disease syndrome typically waxes 
and wanes and is recurrent in appearance; it is usually not responsive 
o antimicrobial therapy and may have variable response to cortico- 
steroid and hepatoprotective treatment. Percutaneous hepatic biopsy 
should be performed as early in the disease process as is reasonably 
possible. Given the unknown etiology, it is difficult to rule out the 
possibility of a viral infection as the initiating cause for disease. The 
rise in serum iron and shifts in other iron indices, commonly associ- 
ated with recurrent hepatopathy syndrome in dolphins, are consis- 
ent with iron overload disease.”””” This iron overload disease has 
been treated and managed effectively with therapeutic plebotomy. 
Serial phlebotomies—removing 1 to 3 liters (L) of whole blood 
(7%-17% of estimated total blood volume) from the distal ventral 
peduncle PAVR weekly for 20 to 30 weeks—was shown to effectively 
reduce the serum iron and transferrin levels, along with other 
hepatic transaminase levels, to within reference range in three adult 
Tursiops truncatus. The relationship between iron metabolism and 
hepatic disease syndrome is still unknown and requires further 
investigation. Phlebotomy is a treatment that may be accomplished 
under behavioral control of the animal and offers an effective option 
or managing the elevated iron, and, in some cases, the hepatic 
disease. 

Urolithiasis, always associated with ammonium urate stones, is a 
prevelant disease in some ex situ bottlenose dolphins. The etiopatho- 
genesis of these stones is poorly understood; however, several theo- 
ries exist. Most prominent and currently investigated theories focus 
on the fact that uroliths are more commonly identified in managed 
dolphins than in in situ animals. Accordingly, management practices, 
particularly focused on nutrition (the kinds of fish fed) and feeding 
patterns (the timing, amounts, and methods of fish fed) are currently 
being studied.” 


Hypocitraturia, documented in some groups of ex situ dolphins,” 
may be a predisposing factor for the development of stones, as is 
found in some humans with ammonium urate uroliths. The exact 
mechanism for hypocitraturia in dolphins in unknown. Nephroliths 
form in the collecting ducts and renal calyx, and disease presents as 
a chronic, gross hematuria. Changes in serum blood urea nitrogen 
(BUN) and creatinine and other indicators of kidney disease may not 
manifest for many years. It is possible for stones to exist without 
hematuria; however, hematuria identified in a managed bottlenose 
dolphin should be considered nephrolithiasis until proven other- 
wise. Ammonium urate stones are radiolucent, so diagnosis is not 
possible with conventional radiography. CT, nuclear scintigraphy, 
and renal ultrasonography may identify stones in some dolphins. 
However, ultrasonography-based diagnosis is variable in efficacy; in 
some cases, the stones are either too small to be identified by ultra- 
sonography, or the dolphin anatomy itself (blubber thickness, intes- 
inal gas) poses a limitation to clear imaging of the kidneys. Two 
reports of obstructive urolithiasis, in which stones had migrated to 
he ureters, urinary bladder, and urethra, have been published.” 
Stones may pass spontaneously, but obstruction, particularly of a 
ureter, should be considered an emergency and should be a differ- 
ential diagnosis for any dolphin with acute abdominal pain. Dra- 
matic and acute azotemia is usually a confirming sign. The resulting 
hydroureter may be identified via ultrasonography. To date, only one 
successful reduction of ureteral obstruction has been reported, and 
his was accomplished through the use of laser lithotripsy.” 


REPRODUCTION 


An excellent summary of female reproductive parameters was pub- 
lished by O’Brien and Robeck, ”and selected data from this report 
are included in Table 43-8. The breadth of understanding of repro- 
ductive physiology in bottlenose dolphins, beluga whales, killer 
whales, and Pacific white-sided dolphins has increased significantly 
over the past several years, thanks to progressive ex situ research 
programs. 


Anatomy 


Cetacean testes are located in the abdomen. Male odontocetes have 
a fibroelastic sigmoid-shaped penis, similar to that of cattle. In 
females, the ovaries are located in the abdomen immediately caudal 
to the kidneys. The ovaries may be readily identified in most Delph- 
inidae and Monodontidae species with ultrasonography; however, 
they are bordered by the epaxial muscles dorsally and by the abdomi- 
nal muscles ventrally, leaving a narrow (longitudinally) window in 
which they may be viewed. Female cetaceans have a bicornate 
uterus, with relatively long horns and a short body.” The cervical 
complex of most odontocete species consists of a species-specific 
series of vaginal and cervical folds or rings, which may make endo- 
scopic examination of the uterus challenging.””' The placenta of 
Delphinidae and Monodontidae species is diffuse epitheliochorial, 
and as such, the cetacean neonate is dependent on colostrum for 
immediate postnatal immunity. 


Breeding Behavior and Conception 


Copulation usually occurs at or near the surface and is exceptionally 
brief, making observation and confirmation difficult. Females wil 
demonstrate receptivity by lying lethargically at the surface in latera 
presentation, swimming in proximity to males (bottlenose dolphins), 
or exhibiting a “shaking” or rapid side-to-side head movemen 
(Pacific white-sided dolphins).” Killer whales have also been 
observed exhibiting a shaking behavior as well as arching and 
increased vocalizations (Robeck, personal communication). Often, 
however, the only observed behavioral change with this matriarcha 
species may simply be that the female allows the male to approach 
it or the rest of the group. Generally, copulation is brief but repeated. 
Reproduction may be monitored with urinary hormone measure- 
ments, ovarian ultrasonography, and observation in the preovulatory 
period to predict and detect ovulation; this may be followed by either 


TABLE 43-8 


Preovulatory 


Reproductive Follicle Size 
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Reproductive Maturity 
(Based on Age at First 


Reproductive 
Seasonality 


Cycle Length (Maximum or Al) Unless Presumptive Ovulation (Based on Cycling 
Species (Days) Diameter, mm) Indicated And/Or Conception) (Years) and/or Parturition 
Bottlenose dolphin (Tursiops 33 (31-36) 21 (17-31) 377 (357-399) 4 Seasonal trends 
truncatus) 
Indo-Pacific bottlenose 30 (27-33) 21 (16-23) 370 (352-384) Seasonal trends 
dolphin (Tursiops aduncus) 
Pacific white-sided dolphin 31 (29-34) 15 (13-18) 356 (348-367) 3 Highly seasonal 
(Lagenorhynchus 
obliquidens) 
Killer whale (Orcinus orca) 42 (36-47) 39 (3.1-5.2) 530 (466-561) 6-8 Seasonal trends 
Beluga (Dephinapterus leucas) 40 (30-49) 29 (2.4-4.2) 471 (450-491) 6 Highly seasonal 


introduction of males or artificial insemination. Such planned breed- 
ing may enable accurate determination of the conception date, which 
hen may improve prediction of parturition at the end of 
pregnancy. 


Assisted Reproductive Technologies 


The development and implementation of management practices that 
incorporate assisted reproductive technologies (ARTs), including 
semen cryopreservation, estrus synchronization, and artificial insem- 
ination (AI) have increased dramatically in the last 10 years.” 
Although tailored for the reproductive nuances (minor or major) of 
each species, AI generally consists of estrus synchronization with a 
progestin (usually altrenogest), with ovulation occuring 20 to 30 
days after withdrawal of treatment. Single-dose AI, typically used 
with sex-selected or genetically valuable semen, requires accurate 
iming in relationship to ovulation. For this to be accomplished, 
detection of the luteinizing hormone (LH) surge via urinary hormone 
monitoring (a minimum of three times daily) and inseminating 28 
to 35 hours (species dependent) after LH surge initiation must be 
accomplished. Semen is deposited in the uterus by using a sterile 
catheter inserted through the working channel of a flexible endo- 
scope. 71”) In addition to genetic management of ex situ popula- 
tions, the ability to manage the sex ratio of at least one Delphinidae 
species, the bottlenose dolphin, has been developed because of the 
successful application of sperm sorting technology combined with 
Al techniques with this species.**’°*° 


Pregnancy Diagnosis 

Pregnancy duration is long in cetacean species. From animals 
with known conception dates and live calves, the mean duration of 
pregnancy in bottlenose dolphins is 376 days (range 355 to 399 
days) and 536 days in killer whales (range 473 to 561 days).””” 
Pregnancy is best diagnosed with ultrasonography. The developing 
fetus may be seen easily by the end of the first trimester. Earlier 
detection of uterine fluid and fetal membranes is possible in bottle- 
nose dolphins as early as day 30 after conception but usually requires 
50 to 60 days for confirmation. Serum progesterone levels reach peak 
values around weeks 9 to 12 following conception, with a mean 
value of 24 nanogram per milliliter (ng/mL; + 10.2 standard devia- 
ion İSDİ) and remaining elevated for the duration of gestation.” 
Weekly blood samples after suspected copulation and conception is 
recommended to confirm the rise in progesterone levels. Pregnancy 
is confirmed on the basis of the degree of progesterone persistance, 
not its increase. Ultrasonography should be performed to support 
hormonal evidence, as persistant progesterone elevations without 
pregnancy have been observed.” Conversely, in some cases, corpus 
uteum (CL) failed to maintain confirmed pregnancy, and synthetic 


progestins were administered to maintain the pregnancy, although 
none of these pregnancies were carried to term without parturition 
complications. ”® 

Hematologic and serum chemistry changes do occur in pregnant 
killer whales, and it is likely that they develop in other cetaceans 
as well. Changes appear to reflect a progressive, although mild 
inflammatory state, and include a reduced RBC mass (hematocrit 
HCT], hemoglobin [Hb], RBC), decreased serum transaminases, 
increased fibrinogen and 60-minute erythrocyte sedimentation rate, 
and an increased serum iron.” It is important to distinguish between 
normal changes associated with pregnancy and possible illness in 
cetaceans. 

Monitoring of pregnancy and the health of the developing fetus 
with monthly ultrasonographic examinations is recommended. Fetal 
growth algorithms to predict the parturition date have been deter- 
mined for bottlenose dolphins. Thorough fetal echocardiography 
is possible,” particularly around months 8 to 9 of gestation. Devel- 
opmental problems may be diagnosed with ultrasonography, and 
fetal omphalocele” has been reported and was detected at gestational 
week 16 with the use of ultrasonography. Fetal anencephaly” was 
similarly identified before parturition. 


Calving 


Vigilant, perinatal observation is important in cetaceans. Regular 
ultrasonographic examination of the dam to monitor fetal viability 
and overall health is critical. Dystocias have occurred, and cases are 
associated with death of the full-term fetus. 

The first stage of labor begins with the amniotic sac rupture; 
however, this stage is typically difficult to appreciate, given that 
delivery occurs in an aquatic environment. The second stage is indi- 
cated by the presentation of tail fluke tips or the fetus being visible 
within the vulvar opening. The second stage of labor ends with the 
successful delivery of the calf. It should last 2 hours or less. Oxytocin 
may be given to delivering females if fetal progression stops. Fluke- 
first presentation is the most common in all cetaceans; however, 
successful head-first deliveries have been reported.” Twins are 
exceptionally rare but have been reported in several species, includ- 
ing a common dolphin (Delphinus delphinus) ” and belugas.” 

Neonatal care continues to improve within zoologic parks and 
oceanaria. Over the past two decades, the survivability of neonatal 
Tursiops has seen a dramatic increase,”’ above expected natural out- 
comes, largely because of improvements in neonatal handling and 
care practices, which include routine health assessments on calves 
at age 7 days or earlier to monitor weight, collect baseline blood 
samples, and improve the chances of early disease detection. Han- 
dling of calves requires facility design that enables brief separation 
and safe handling of both dam and calf in shallow water. 
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Contraception 


Options for effective contraception of cetaceans housed within zoos 
and oceanaria are limited. Given the current population growth and 
sustainability goals for cetaceans within the global zoologic com- 
munity, any plans for contraception should be carefully considered 
before they are put into practice. Separating males and females is a 
common practice in most zoologic parks and oceanaria. Planned 
separations specifically to avoid contraception may be accomplished 
through vigilant monitoring of the estrus cycles of females with 
ultrasonography and urinary hormone assessment. Regu-mate 
(altrenogest) (Merck Animal Health, Summit, NJ), 0.05 mg/kg, orally 
(PO), once daily (SID), may effectively prevent ovulation in bottle- 
nose dolphins, killer whales, belugas, and Pacific white-sided dol- 
phins. However, pregnancy may occur in dolphins and killer whales 
in spite of contraception with altrenogest. It is not known if this is 
a result of true “breakthroughs” or if errors in drug adminstration 
occurred. Deslorelin implants (Suprelorin, Peptech Animal Health, 
Virbac, Australia) have been used with success for the long term 
(about 1 year) in the prevention of estrus and ovulation in older 
female bottlenose dolphins with 9.4-mg implants delivered subcu- 
taneously twice daily (BID). Estrus does appear to return roughly 1 
year after dosing. 

Luprolide acetate (0.075 mg/kg, intramuscularly [IM], every 28 
days) has been successfully used to reduce serum testosterone and 
produce azoospermia in male bottlenose dolphins.” The drug is 
currently available as a depot formulation from Abbot Laboratories 
(Chicago, IL). Given the feedback loop mechanism of the synthetic 
gonadotropin-releasing hormone (GnRH) analog, an increase in ciru- 
lating serum testosterone occurs for the first 14 days after treatment 
begins. Caution is recommended in the use of luprolide acetate, 
given the limited clinical experience in its use. Megestrol acetate 
(Meg-Ace, Bristol-Myers Squibb, Plainsboro, NJ) is not a reliable 
contraceptive in male dolphins, as pregnancies have occurred in 
females housed with male dolphins that were receiving the synthetic 
hormone. Further, the drugs glucocorticoid activity may affect 
adrenal function. 


VACCINATION 


To date, only one vaccination has been regularly used in cetaceans 
housed in zoologic parks. E. rhusiopathie is a well-established bacte- 
rial pathogen of dolphins and the use of the ER BAC PLUS vaccine 
(Zoetis Animal Health, New York), a liquid, serum-free, clarified 
bacterin vaccine, has presented a welcome solution to the problem. 
Experience is limited, although increasing, and the surest indicator 
that the product provides protection is the apparent decline in new 
cases since the introduction of vaccine programs in several oceanaria. 
The product is licensed for use in swine, and any use in dolphins or 
whales is accordingly considered off-label. Still the most common 
practice is to follow the manufacturers handling instructions in 
detail, to exercise caution with the delivery of every vaccine to every 
animal, and to be prepared for a hypersensitivity reaction. The 
vaccine (2 mL) should be delivered intramuscularly. The animal 
should remain in a shallow pool for 20 minutes to 1 hour after vac- 
cination so that immediate intervention is possible in the event of a 
hypersensitivity reaction. Some clinicians recommend premedica- 
tion with diphenhydramine. Appropriate vaccination scheduling is 
still under investigation, but annual vaccinations after an initial 
vaccine and a 3-week booster are prudent, particularly in younger 
cetaceans. 
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CHAPTER 44 


Pinnipedia 


William George Van Bonn 


GENERAL BIOLOGY 


Pinnipedia is a suborder of carnivorous mammals found exclusively 
in aquatic habitats. The suborder includes three recognized extant 
families: Odobenidae (walrus), Otoriidae (sea lions and fur seals), 
and Phocidae (true seals). Members of this suborder are easily rec- 
ognized by their general body shape and the morphology of the 
appendages that are adapted to the aquatic environment. Both tho- 
racic and pelvic appendages are modified for effective locomotion in 
water and take the form of flippers. In otoriids, the thoracic append- 
ages are the dominant ones and also allow the animals to support 
the weight of the trunk on land and effectively “walk,” whereas the 
phocids do not; and odobenids, although able to support their 
runks with the forelimbs, are less agile. Members of this suborder 
are found around the entire globe, including the Arctic and Antarctic 
regions. One genus, Pusa (which includes the Ladoga ringed seal, 
the Saimaa ringed seal, and the Baikal seal) has established a niche 
in fresh water habitats, whereas the remainder is marine. The small- 
est pinniped, Pusa sibirica (the Baikal seal), which weighs about 45 
kilograms (kg) when full grown, grows to about 1 meter (m) long; 
he largest, Mirounga leonina (the male Southern elephant seal), 
grows to about 5 m long and weighs up to 3200 kg.’ Many pinni- 
peds are typically found foraging and resting in and near the rela- 
tively shallow waters of the littoral zone; others spend most of their 
ives as pelagic animals, and still others are pagophilic (ice loving). 

Many members of this suborder have been exploited by humans 
or centuries. Several are now extinct, and many more have been 
hunted to near extinction. Notably, the Northern elephant seal popu- 
ation was estimated at only around 20 individuals at the end of the 
1890s.’ This severe population reduction is thought to have contrib- 
uted to significant loss of genetic diversity and is clinically important. 


Rates of congenital defects in Northern elephant seals are highest 
compared with any other of the pinniped species presented to reha- 
bilitation facilities in North America (Figure 44-1), presumably as a 
result of defect heritability and lack of genetic diversity.” A study of 
tissues collected from 371 stranded California sea lions (Zalophus 
californianus) found that sick animals have higher-than-normal 
parental relatedness, suggesting that these animals too have been 
impacted by human exploitation.' Recently, low major histocompat- 
ibility complex (MHC) allelic diversity was shown to be a strong 
predictor of pup survival in the gray seal (Halichoerus grypus) on the 
Isle of May, in the United Kingdom. ° 

The most endangered of the current extant species are the Medi- 
terranean monk seal (Monachus monachus), the Hawaiian monk seal 
(Monachus schauinslandi), and the Caspian seal (Pusa caspica). Data 
are deficient, and for a number of other species, no status determina- 
tion may be made at this time.” At the time of writing this chapter, 
approximately 1100 individual Hawaiian monk seals were estimated 
to make up the entire population, which is declining at a rate of 
approximately 4% per year.” In contrast, many other pinniped pop- 
ulations are thriving and increasing in numbers and resulting in 
conflict with human interests or activities. This, at times, results in 
harassment, injury, or death of animals. Negative human interactions 
(fishing gear or trash entanglement, gunshots, boat strike, etc.) 
account for as much as 8% to 10% of the cases admitted to rehabili- 
tation centers in North America annually. 

In their natural habitats, pinnipeds share with humans many 
risk factors for diseases, and many are thus excellent sentinel species 
used in efforts toward better understanding of several diseases, 
including domoic acid intoxication, leptospirosis, urogenital carci- 
noma, and malnutrition. ° Pinnipeds possess exquisite anatomic, 
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FIGURE 44-1 Restrained Northern elephant seal pup. Note cleft 
hard palate and position of restrainer's hands and knees. 


physiologic, and behavioral adaptations to the aquatic environment. 
These adaptations such as gas management during diving, thermo- 
regulation, and environmental vigilance are fascinating from a com- 
parative perspective. In addition, pinnipeds are generally easy to 
rain for operant conditioning, and many are capable of complex 
behavioral modification, including learned behaviors conducive to 
human endeavors such as performance or utility work. As a result, 
pinnipeds frequently present to clinical veterinarians and require 
health assessments, medical care, or support during investigations. 

General descriptions of the unique aspects of anatomy, physiol- 
ogy, and behavior important to clinical care and management of the 
most commonly clinically encountered pinnipeds, as well as typical 
patient presentations, comprise the remainder of this chapter. Much 
of the information included here is derived from the experiences of 
he author and colleagues at The Marine Mammal Center (TMMC) 
in Sausalito, California, and elsewhere, and a fair amount of personal 
clinical opinion is also included. TMMC typically treats around 600 
o 800 marine mammals annually, the vast majority being California 
sea lions, elephant seals, and harbor seals. This chapter material 
should provide the general practitioner of zoologic medicine with 
enough information to make sound diagnostic and treatment plans 
for the most commonly encountered pinniped patients and health 
problems. 


UNIQUE ANATOMY 
General 


All pinnipeds are generally fusiform in body shape with variations 
in the morphology of the head and appendages. The appendages are 
adapted to aquatic mobility and thermoregulation, being flattened 
with little or no individualization between digits. The proximal 
bones of the pelvic appendage (femur, patella, tibia, and fibula) are 
incorporated within the trunk at the level of the pelvis, leaving only 
he tarsus, metatarsus, and phalanges to serve as the hind flipper. 
Similarly, the proximal caudal vertebrae of the tail are incorporated 
into the trunk at the pelvis, and only a relatively short, protruding 
ail is present. Vibrissae and eyes are the prominent features of 
he head. Male elephant seals and hooded seals have prominent sac- 
cular adaptations to the nasal passages, and male walruses have 
diverticulae of the oropharynx. In all probability, these adaptations 
are important in acoustic or visual signaling during male-associated 
reproductive behavior. Pinniped kidneys are discretely multirenicu- 
lated, composed of multiple functional subunits, presumably an 
adaptation to life in a hypertonic environment.” All pinnipeds are 
also monogastric, with very long small intestines (averaging 25 times 
the body length for elephant seals). The ratio of small intestine length 


CHAPTER 44 “ Pinnipedia 437 


to body length tends to be higher than in most terrestrial herbivores. 
This anatomic feature is most likely related to the relative high body 
mass, high energy requirements, diet content, and motility rate of 
the digesta.”” Pinniped dentition is polyphydont and heterodont, 
although deciduous teeth are resorbed prior to or at birth, and the 
permanent dentition erupts shortly after birth. 


Phocids 


Phocids lack external pinnae and are unable to rotate their pelvic 
appendages (hind flippers) underneath their trunk and therefore are 
unable to “walk” on land. The pelvic appendages are the primary 
means of generating locomotory force in the water. The animal splays 
he digits and oscillates the paired hind flippers laterally to create 
forward thrust. Unilateral hind flipper amputees do well, but bilat- 
eral hind flipper amputees may have a significant disability and 
reduced chance of thriving in the wild. 

Nails are prominent on all flippers. Nails may be traumatized, 
may be prone to nail-bed infections, and may be the source of 
injury to in-contact animals’ eyes. Co-housed seals will frequently 
“swat” at each other with fore flippers, and this may easily cause 
corneal injuries. Reducing animal density in enclosures will generally 
prevent this. 

Although phocids do not have pinnae, those that have been 
examined have a unique anatomy to the external auditory canal. The 
canal is surrounded by a rich vascular plexus. Presumably, this 
arrangement aids in protecting the ear canal and the tympanum from 
pressures at depth during dives.” At TMMC, a considerable 
decrease has been observed in cases of otitis externa in seals housed 
with access to deeper pools compared with those housed with access 
to only shallow pools. Providing access to deeper pools and encour- 
aging dive behavior by placing novel objects on the pool floor appear 
to have been contributing factors in the reduction of cases. The 
hypothesis is that animals that dive more activate dynamic changes 
in the plexus more frequently, thus causing a “flushing” action and 
promoting ear canal health. 
Thermal insulation in phocids is provided by adaptations of the 
skin (epidermis, dermis, hypodermis) and subcutaneous adipose 
stores rather than by the pelage. Species variation exists between 
the amount of lipids incorporated into the skin itself rather than 
deposited subcutaneously. As a result, skin thickness, compared 
with the subcutaneous fat thickness of seals, varies, and this 
may be clinically significant when surgical incision of the skin is 
indicated. 

Phocids possess remarkable vascular adaptations to diving. The 
spinal cord is surrounded by a prominent extradural vascular sinus. 
Using Doppler transducers, flow within this structure has been 
shown to be quite variable, rostral at times and caudal at others.” 
Clinically, it appears that blood sometimes pools at this site with little 
circulatory refresh. This is important to keep in mind, as this site is 
also the most easily accessible for peripheral blood collection in 
phocid seals. On occasion, clinical chemistry and blood gas results 
may be impacted by the flow dynamics at this site. The author and 
his colleagues have infused euthanasia solution at this site with no 
effect until it was followed by a large bolus of fluids. Phocids also 
have prominent abdominal venous plexuses that drain to a large 
“hepatic sinus” and then to the thoracic vena cava. At the diaphragm, 
a muscular sphincter appears to “meter out” blood as cardiac preload 
during dives. This is augmented by sympathetically mediated splenic 
contraction during dives. Venous partial pressure of oxygen may 
actually exceed arterial partial pressure of oxygen at times as a result 
of the unique ability of these animals to “shunt” blood to metaboli- 
cally active tissues.’ 

Phocid males do not have a scrotum of any significance; the testes 
are contained within the inguinal region and may be difficult to 
locate by palpation. 


Otariids 


Sea lions and fur seals are quite similar to each other in overall body 
shape. They possess pinnae, and the dominant appendages are the 
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FIGURE 44-2 Dorsoventral projection digital radiographs. A, Northern elephant seal pup. B, California 
sea lion yearling thoraxes. Arrows indicate location of respective carinae. 


thoracic appendages, which flex laterally at the carpus to provide for 
locomotion on solid surfaces. Otariids do often “drag” their hind 
flippers when moving quickly; it would seem a more effective 
method for higher speeds on land. Amputation of pelvic appendages 
causes no significant disability, but amputation of a fore flipper is 
not recommended. Although arthrodesis of the carpal joint has been 
effective, an individual without a fore flipper would be significantly 
impaired on land and in water. 

Closer inspection reveals the difference between the pelages of 
sea lions and fur seals. Sea lions have a short, stout, slick hair coat 
hat lies flat against the skin when wet. Fur seals have a highly spe- 
cialized hair coat with prominent guard and secondary hairs that 
rap air and is an important means of thermoregulation. Fur seals 
hus need to “groom” and may be seen lolling at the water surface, 
rolling and rubbing, as sea otters do. Sea lions rely primarily on 
subcutaneous adipose tissue to provide insulation. 

With practice, the dentition of California sea lions can be used 
o distinguish between “pups” (animals less than 1 year old) and 
“yearlings” (animals between 1 and 2 years of age). During the first 
year of life, the prominent maxillary tooth is the corner incisor, 
which has the appearance of a canine tooth and can easily be con- 
used with it. During the second year of life, the canine tooth erupts 
beyond the corner incisor and becomes the dominant tooth in the 
arcade. 
The carina of otariids is located near the level of the thoracic inle 
not over the base of the heart as in phocids (Figure 44-2). This may 
ead to bronchial intubation during anesthesia if caution is not used. 
At the other end of the sea lion, the perineum and distal anus are 
made up of multiple folds of loose tissue, presumably to assist in 
preventing water intrusion during dives. This may make it difficult 
o collect samples or insert instruments into the rectum, and care 
must be taken to avoid causing trauma. Conscious individual animals 
often are more resistant to attempts to pass something per rectum 
han to blood sampling. 

Nails are present on all flippers but are much reduced on the fore 
ippers. Otariids also possess a prominent hepatic sinus, but the 
abdominal plexuses are not nearly as significant as in phocids. 


Obenids 


Walruses are distinct in their bulk and mass. The morphology and 
use of their appendages is different from those of phocids and otari- 
ids and may be thought of as being intermediate between the two. 
All flippers are apparently important for effective mobility on land 
and in water. They are able to support their forequarters with the 
thoracic flippers and can rotate the pelvic appendages underneath, 
although they are not nearly as agile on solid surfaces as their smaller 
“cousins” are. 

Their hair coat is sparse, and they rely on massive investment of 
adipose within the modified skin and subcutaneous tissues for insu- 
lation. Maxillary canine teeth are the dominant teeth and are known 
as tusks. Tusks are the prominent features of walruses, apparently 
important in social and other behaviors, and often presented as clini- 
cal concerns.” 

Walruses appear to be more prone to gastrointestinal (GI) 
obstructions compared with other pinnipeds. The pyloric outflow 
tracts of otariids and phocids are remarkably small in diameter. This 
is probably useful to prevent indigestible objects such as stones, 
squid beaks, fish otoliths, and so on from passing into the intestines 
from the stomach. These objects are often incidentally seen within 
the lumen of the stomach during endoscopic examination or at 
necropsy. However, in walruses, intestinal foreign body entrap- 
ment requiring enterotomy has been reported. Walruses appear to 
have a propensity to ingest anything accessible in a controlled 
environment.” 


SPECIAL HOUSING REQUIREMENTS 


All pinnipeds require access to water and dry haul-out areas to rest. 
In the United States, the specifications for enclosure space provisions 
in permanent collections are mandated by law (the Animal Welfare 
Act) and include specific formulas based on average adult body 
length for the species and number of individuals housed within the 
enclosure. Standards for temporary housing of animals in rehabilita- 
tion settings have been developed by the National Oceanic and 


Atmospheric Administration (NOAA) Fisheries, and these standards 
contain useful information regarding the special housing require- 
ments for this taxon.”” In the authors opinion, it would be difficult 
to provide an animal too much dry haul-out space or too much water 
to swim in. Pinnipeds tend to be gregarious, often associating in 
groups, particularly when hauled out. The tendency for direct 
contact between hauled-out individuals seems to vary with species. 
California sea lions are often observed resting while in contact, even 
on top of one another. Harbor seals, in contrast, appear to desire a 
gap between each other and, as mentioned earlier, will often “swat” 
at each other if they get too close. Interestingly, weather conditions 
may impact the distance between individuals. During rain, resting 
sea lions have been observed to separate, leaving some space between 
each other. Sea lions, in particular, appear to enjoy climbing up on 
structures and will often be seen resting on pool walls, transport 
crates, shelves, and almost anything that allows them purchase to 
climb. 

Access to water is critical. These animals behaviorally thermo- 
regulate. They are adapted to maintain body temperature while 
spending much of their lives in the perennial “heat sink” of the 
ocean. Core body temperature of most is approximately 37° C. Even 
in “warmer” water environments, the water temperature is lower 
han core body temperature, and the thermal conductivity of water 
is about 25 times that of air. Thus, the insulation and circulatory 
adaptations discussed above are designed to maintain core body 
emperature, when the animal is out of the water, the risk of hyperthermia 
is always present. A sea lion that has restricted access to water and is 
producing metabolic heat because of muscular activity such as 
pacing or struggling against restraint may quickly develop heat pros- 
ration. When in doubt, the animal should be cooled off with a 
dousing of water. It is very difficult to get a pinniped too cold or too 
wet. Emaciated young animals are an exception to this rule (animals 
under anesthesia are another). This special class of patients lacks the 
insulation, is often metabolically challenged, may have immature 
physiologic mechanisms for thermoregulation and is thus prone to 
hypothermia when ambient air temperatures are low, particularly if 
the animals are wet. Protection from the elements must be provided 
for this special class of patients. Thermal stress risks are the opposite 
for older animals in fair to good body condition. This author is 
aware, some concern is felt that a wet animal will heat up faster than 
a dry one. Recommendations have been made to avoid wetting the 
animals when they are lying in the sun. These recommendations 
have been based on published observation that a wet hair coat will 
be darker in coloration compared with a dry one and thus will 
absorb more solar radiation.*” This report did not take into account 
evaporative cooling or measure core temperatures or any thermal 
flux from the animals themselves; rather, it was focused on enclosure 
design. The authors of that paper also made several assumptions 
based on measures from terrestrial animals. Pinnipeds are not ter- 
restrial animals. Individual pinnipeds often appear to be less anxious 
and more comfortable when in water. Animals transported from one 
location to another unfamiliar location will often stay in the water 
almost exclusively (sometimes swimming for days) until they become 
comfortable in the new surroundings. Wetting an animal will also 
often stimulate defecation. If physiologically stable, young orphans 
should be exposed to water following feeding to encourage normal 
GI motility. Adult sea lions with reduced appetites may sometimes 
be enticed to eat by directing a steady stream of water from a hose 
to the face. 

Ocular disease is one of the most common presenting complaints 
of pinniped patients in managed collections, leading to a large 
number of challenging medical treatments and complicated surgical 
procedures, sometimes with less-than-desirable outcomes. Protec- 
tion from exposure to solar radiation is probably significant with 
regard to the ocular health of pinnipeds. Evidence that keratopathies 
and secondary intraocular disease are associated with solar radiation 
exposure is increasing. Captive pinnipeds that did not have access 
to shade were almost 10 times as likely to develop lens luxations, 
cataracts, or both compared with those provided shade.*! From an 
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empirical perspective, this makes sense. Pinniped eyes, as is the case 
with all marine mammal eyes, are particularly adapted for low-light 
visual acuity. These animals forage in the water column, some at great 
depths with low ambient light. When the animals are kept away from 
hese depths and fed in air, as is often the case with collection 
animals, their eyes are exposed to more solar radiation than in their 
natural habitat. Husbandry conditions are a likely contributing 
factor, so preventive measures should be a priority. Provision of 
shade; darkened, nonreflective surfaces; feeding underwater; and 
stringent attention to water quality must be considered in a preven- 
ive medicine plan for pinnipeds. In one published study of 111 
captive pinnipeds, 48.6% had lens disease, cataracts, or both.” 
Another study documented ocular pathology in 81.5% of 27 captive 
pinnipeds and only 35% of wild submitted ones.” The conclusion 
was that diseases of the eye are “common” in wild and captive pin- 
nipeds, although a higher prevalence exists in captive populations. 
However, a retrospective search of the medical records of docu- 
mented pathology from 10,919 California sea lions presented to 
TMMC revealed only 272 (2.5%) results with recorded ocular 
disease. This topic has received considerable attention in the litera- 
ure (refer to the discussion by Gage in the seventh edition of 
his text). 

Water quality also has a powerful impact on overall pinniped 
health and welfare. These animals evolved over millions of years 
o spend most of their waking hours (and many of their sleeping 
hours) in the sea, a thick soup of microbial life that has evolved 
over billions of years; the so-called “rare biosphere.” This biomass 
is immense; 98% of the primary production of the oceans and 
he mediation of all biogeochemical processes in the oceans are 
accounted for by these microbes.” Pinnipeds are merely visitors to 
his microbial world, but they visit often. They bathe in it, bask in 
it, swallow it, cover their bodies with it, soak their mucous mem- 
branes in it, even inhale it. They have successfully established bio- 
ogic mechanisms to live in harmony with it, most of the time. It is 
all about balance. When conditions tip the balance in favor of the 
microbes, disease may result. The clinical veterinarian will do well 
o keep in mind the triad of factors that influence the development 
of disease: the host, the agent, and the environment. Numerous 
reports of microbial surveillance in free-ranging animals and those 
hat have presented as patients have been published. In a study of 
healthy pinnipeds off the California coast directed at detection 
of Salmonella spp., 21% of California sea lion pups and 87% of 
orthern elephant seal pups were culture positive for Salmonella 
spp.” What is really needed for effective management of pinniped 
health is better understanding of the influences on the aquatic system 
that favor the microbes, and pressures on even the natural system 
appear to be increasing. Perhaps this is the explanation for the 
observation that blooms of diatoms responsible for the production 
of domoic acid and the resulting intoxication in animals appear to 
be increasing in frequency and magnitude off the coastal North 
American Pacific.*! 

More importantly for clinical veterinarians, artificial habitats may 
always be expected to place some selection pressures on the micro- 
bial ecology of the water within. Alterations of the abiotic water 
parameters are often performed with the presumed aim of creating 
a “healthier” environment for inhabitants. In the United States, the 
water quality of permanent marine mammal enclosures is mandated 
by the Animal Welfare Act of 1972, as amended and promulgated 
by the Animal and Plant Health Inspection Service of the United 
States Department of Agriculture (USDA). With respect to the micro- 
bial content of water, the mandate states: “The coliform bacteria 
count of the primary enclosure pool shall not exceed 1000 MP 
(most probable number) per 100 milliliters (mL) of water.” This is, 
in fact, a fairly easy standard to meet through oxidation, as detailed 
in an instructional pamphlet published by the USDA titled “The 
Sterilization of Marine Mammal Pool Waters.” However, this author 
argues that in all things, artificial and controlled environments 
should aim to mimic the natural environment, whenever possible, 
and that excessive oxidation may work against this goal. The authors 
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experience with both natural and artificial systems has provided 
strong evidence for just how different the aquatic microbial ecology 
is between the two types. Evidence also indicates that these differ- 
ences are manifested clinically as animal health issues. The author 
has suggested that this situation is similar to the “Hygiene Hypoth- 
esis,” as discussed in human medicine, and it has been termed the 
“Aquatic Animal Hygiene Hypothesis.”””” While many pinnipeds 
have been, and some continue to be, housed in fresh water systems, 
the author and colleagues believe that this is not the most appropri- 
ate environment for a marine mammal and that it undoubtedly 
places some significant physiologic stress on the animals. Much work 
is needed to revise water quality standards for marine mammals 
using science-based, sound data. 


FEEDING 


Pinnipeds are carnivorous and largely piscivorous, although most 
species have been documented to eat prey items other than fish. 
Walruses are well known to forage in the benthos for a variety of 
crustaceans and other invertebrates, making use of their prominent 
vibrissae and perhaps their tusks as well. Stomach contents and scats 
of phocids and otariids often contain remnants of invertebrates as 
well. Squids, octopoids, and crustaceans are commonly consumed, 
in addition to fishes of all sorts. In permanent collections, most pin- 
nipeds are fed diets similar to those of cetaceans (dolphins and 
whales), generally a teleost fish—based ration comprising commer- 
cially available “bait” species such as herring (Clupeidae), mackere 
(Scombridae), and smelt (Osmeridae). Squids are often included, but 
other invertebrates are offered on occasion, except to walruses. 
Captive pinnipeds appear to do well on these diets, and, in contras 
to captive cetaceans, diseases with a presumed iatrogenic nutritiona 
etiology have not been reported, with the exception of vitamin defi- 
ciencies. Thiamin deficiency was experimentally induced in seals in 
studies conducted 40 years ago and is still a concern today. ””” Over 
30 years ago, vitamin E deficiency was experimentally induced in 
harp seals.”” In addition, the interaction of vitamin A supplementa- 
tion on vitamin E levels has been investigated in captive fur seals.”” 
As a result, most facilities supplement rations fed to pinnipeds, with 
multivitamins, especially thiamin and vitamin A and E, at levels 
based on these original studies. 

Free-ranging wild pinnipeds do not consume supplements at all. 
Fat-soluble vitamins are abundant in marine fishes. One kilogram of 
herring may be expected to provide approximately 2000 interna- 
tional units (IU) of vitamin A, 8000 IU of vitamin D, and 40 to 60 IU 
of vitamin E, and marine mammals are expected to have a high 
capacity for storage of fat soluble vitamins.” So, if fresh-frozen, 
properly handled fish products are the base of the diet, supplementa- 
tion may not be required at all, at least not daily. Proper handling of 
food fishes must include attention to time-temperature profiles. As 
a general rule, the shorter the time the product is held and the colder 
the temperature it is held at, the higher is the expected quality and 
the lower is the likelihood of nutrient degradation, particularly fat- 
soluble vitamin oxidation. It is this concern about degradation that 
apparently drives supplementation—not recognized deficiencies or 
toxicoses. All food handling from producer source selection, ship- 
ping, storage, “breakout,” feeding, and cleanup should be subjected 
to thorough oversight and review. A hazards analysis and critical 
control point (HACCP) approach, as used for human food service 
safety, is a wise approach and may, in fact, reduce the costs of future 
problems significantly. The advantage of reducing supplementation 
costs to one seventh of current costs by decreasing supplementation 
to once-weekly from once-daily is quite obvious. The responsible 
clinician should have a plan to monitor animal health status when 
any such changes are implemented. 

The scientific literature is full of publications on the energetics of 
marine mammals, including investigations of hypothetical prey 
changes in association with species decline. One may easily find 
numerous formulas to calculate caloric requirements of various 
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classes of marine mammals. The caloric content of individual lots of 
fish fed is also easily calculated from a simple proximate analysis of 
a sample, and many facilities use caloric density of fish lots to deter- 
mine ration formulation. Practically, feeding decisions may be simpli- 
fied by monitoring body weights. Assuming that the handling has 
been proper and monitored, if a variety of items expected to be found 
in the animals’ natural diet (a variety of fish types and perhaps an 
invertebrate or two) are fed, the diet may be expected to be balanced. 
If the fed diet meets energy requirements, the animals will grow or 
gain weight, depending on their stage of nutrition and health status. 
If not, the animals will lose weight or not grow. Therefore, an accu- 
rate means of monitoring body condition is essential. Regular body 
weights will suffice in most instances, although more detailed assess- 
ments, including ultrasonographic determination of “blubber” thick- 
ness or thermographic profiles over time may be useful in some 
animals. The clinician should also remember that a “lag time” often 
occurs with any ration change. An animal that has had an increase 
of caloric intake may not show any weight gain for a week or two 
and likewise an animal that has had a reduction in intake may not 
lose weight for a week or two. 

Fasting in pinnipeds presents the clinical veterinarian with 
some unique concerns. Like other marine mammals, pinnipeds 
are well known to “mask” signs of pathology, appearing normal in 
spite of significant underlying disease. Appetite and attitude are 
often the first to change in an ill animal. In general, any collection 
animal that refuses food without an obvious explanation should 
be evaluated for a medical disorder. A reduction in appetite may be 
the only indication of serious illness. However, pinnipeds do fas 
at times during states of normal health. Elephant seal weanlings 
fast for 4 to 6 weeks following the departure of the dam prior to 
initiating foraging. They survive this entire period without any ora 
intake, neither food nor water, after which they “switch modes” to 
foraging and begin to seek and perhaps find solid foods to sustain 
themselves. Animals of this age group are frequently presented for 
rehabilitation and present a challenge in determining whether they 
should be fed or not. To date, no practical and specific biomarker of 
physiologic status that indicates the fasting or foraging stage has been 
recognized. Plasma hormone levels and fatty acid profiles have been 
investigated, and ratios of serum blood urea nitrogen (BUN) to cre- 
atine (Cr) have showed some promise but have not held up in clini- 
cal experience. Intact adult pinniped males will often go “off feed” 
during times of rut behavior and may not eat for weeks at a time. 
The clinician faced with a pinniped that refuses food must carefully 
weigh all the evidence at hand and, when in doubt, pursue an inves- 
tigation that includes at a minimum a complete blood cell (CBC) 
count and a serum chemistry profile. Although pinnipeds appear to 
be exceptionally adept at metabolic water production via oxidative 
phosphorylation of fats, fresh water should be made available at all 
times. 

Neonates present another challenge to the clinical veterinarian. 
Preweaned orphans require milk protein replacement and are usually 
gradually transitioned to a fish-based diet. Numerous references, 
recipes, and sources of practical information are available for the 
reader to consider when adopting a strategy for the situation at hand. 
Here only a few important considerations (in the authors opinion) 
to be made when formulating a plan will be discussed. It must be 
kept in mind that these animals are predominantly piscivorous. 
Protein sources other than fish are not optimal, although some have 
a strong record of being used with success. Pinniped milk, like the 
milk of other marine mammals, is virtually devoid of carbohydrates. 
In fact, marine mammals really never ingest oral carbohydrates, so 
their inclusion in the fed diet is unnatural. Disorders of GI motility 
are not uncommon in artificially reared neonate seals and sea lions. 
Diarrhea, ileus, atony, and impaction have all been noted clinically. 
Carbohydrates included in the artificial diet have long been sus- 
pected to cause these problems. The microbial flora establishing itself 
in neonates, along with the brush border enzymes and anything else 
influenced by the biochemical milieu, may be disturbed by exposure 
to carbohydrate. 


In health, pinnipeds acutely switch from suckling to solids 
without a transitional time of premasticated, regurgitated gruels fed 
by a parent, as in so many piscivorous birds. Young animals go 
from sucking milk one day to, in the case of phocids with a mini- 
malistic maternal investment, fasting for a while, to eating solid 
fish. During attempts to artificially rear them at TMMC, often out 
of necessity, during a transition period gruel or “fish mash”-—an 
unnatural diet—has been incorporated. Solid fish are generally swal- 
owed whole or with little chewing in the normal weaned animal. 
The stomach is muscular and serves to masticate the food. Tube 
feeding gruel, although often necessary, may lead to motility 
disorders. 

Lastly, “hand rearing” neonates increases the risk of abnormal 
socialization of the pup. For this reason, in rehabilitation facilities, 
most neonates are tube fed rather than trained to suckle a bottle 
delivered by hand. This is not a problem, of course, for animals 
destined to be placed in collections. 


RESTRAINT AND HANDLING 
Physical Restraint 


Inappropriate physical restraint of a pinniped is very dangerous 
for the personnel involved. These animals are agile, quick, and 
strong. They communicate with each other often by biting; they 
cannot effectively kick or scratch. Observing a couple of bull ele- 
phant seals or adult California sea lion males sparring for territory 
helps one realize how powerful and dangerous they can be. When 
the sheer mass attained by a mature male Steller sea lion or elephant 
seal is considered, it is easy to realize that safe, simple physical 
restraint of these animals is impossible. Even the smaller fur seals 
are notoriously quick in their movements and may bite even without 
provocation. 
Appropriate physical restraint is safe and effective. In rehabilita- 
ion or field settings, when working with wild animals, barriers in 
he form of “crowding boards” or fence panels are often used to 
“herd” animals from place to place. Tarps or umbrellas may also be 
perceived as visual menaces by animals on beaches and rookeries. 
Most seals and sea lions, when given the opportunity to move away 
from such barriers will do so. Only when cornered, with no option 
o escape, will larger animals challenge the barriers; handlers should 
herefore be prepared to meet this challenge. “Boarders” should 
always use care to avoid having their hands, fingers, and toes being 
exposed and injured by a bite or being crushed between the board 
and other solid object. 
In permanent collections, animals are often trained to participate 
in husbandry tasks, including veterinary procedures. Otariids are 
frequently trained to climb on to a “stand” or platform or lie on a 
deck and “target,” with the nose on a manipulanda or the handlers 
hand. Well-acclimated animals accustomed to these activities will 
often allow considerable manipulation and inspection, holding of 
lippers, opening of mouths, abdominal palpation, and veinipunc- 
ture. These “medical behaviors” are often favorite demonstrations at 
display facilities, illustrating to viewers the importance placed on 
animal care. However, caution should be used when relying on 
“medical behaviors.” Even the best-trained and most docile of indi- 
viduals may be unpredictable and uncooperative when ill, the very 
ime a thorough examination is most important. And even when not 
ill, these animals can be unpredictable. The author has seen, highly 
rained, highly reliable sea lions savagely bite familiar handlers who 
simply were not paying total attention to the animal. 
In situations where the required clinical information or patient 
inspection cannot be accomplished by simple observation from a 
distance or with trained cooperation of the animal, some sort of 
restraint is needed. For animals weighing less than 30 kg of body 
weight, with the aid of boarders, an experienced restrainer may wrap 
a towel about the animals head to block its vision and the ability to 
bite. The animal may then be pinned to the deck by grasping at the 
base of the skull, straddling the animal, and holding the fore flippers 
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against the trunk with the thighs, knees, and shins so that the animal 
cannot gain purchase or stand. It is often useful to wet only the ends 
of the towel, providing weight that will facilitate wrapping the towel 
around the animals head. If the towel is not wet, the animal may 
often toss it easily; if the entire towel is wet, it may be difficult to 
achieve an effective wrap. Once the animal is immobilized in this 
fashion, the towel is removed from the nares and care taken to ensure 
the animal is breathing effectively. This method may be used in 
otariids and phocids alike (see Figure 44-1). Otariids are much more 
agile and apt to pose a bite hazard, whereas phocids often thrash the 
hind flippers back and forth with gusto. Additional restrainers to 
assist with fore flipper positioning or hind end control will often be 
needed with larger individuals or those that are healthier. Converse 
malnourished, stranded neonatal seals and sea lions alike may often 
be safely restrained by one person experienced in the use of this 
technique. 

As the size of the patient increases or the overall condition of the 
animal improves, it is more difficult and dangerous to restrain it. 
Animals weighing up to 70 or 80 kg (or larger ones by experienced 
personnel) may still be effectively restrained without chemical 
agents. For these animals, the most effective means, in the authors 
experience is a small mesh conical net designed to fit over the 
animals head with space only for the muzzle to protrude (Figure 
44-3). These nets are tossed over the animal, again with the help of 
boarders or, in the case of animals on the beach, with a net frame 
and handle. As the animal moves into the net, the net diameter 
narrows until only the muzzle of the animal is exposed and the fore 
flippers are effectively pinned against the trunk. Experienced person- 
nel may grasp the back end of the net, take several wraps to further 
tighten the net against the fore flippers, and immobilize the animal 
effectively by lifting the back end. Additional restrainers may then 
assist in pinning the animal against the deck, again paying close 
attention to effective breathing in the animal. Many simple proce- 
dures and sample collections may be conducted in this manner. If 
further restraint is needed, the animal may then be anesthetized 
safely with an inhalant agent delivered via a face mask. This method 
has proven so effective in the authors experience that it has replaced 
the use of “Ridgway-Simpson’”—style squeeze cages that were once 
popular. 

Chemical restraint is indicated if the patient is too large or 
obstreperous to safely restrain in a conical net. 
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Chemical Restraint 


With growing experience and success over the past few decades, 
chemical restraint of pinnipeds, including general anesthesia, has 
improved in effectiveness and safety. A robust and growing number 
of excellent reference resources are now available, and the reader is 
encouraged to consult these when planning a sedation or anesthesia 
procedure.°?!*"? Table 44-1 lists the current chemical induction 
protocols routinely used in otariids and phocids at TMMC. Current 
best practices continue to change rapidly with continued experience 
and retrospective analyses of past procedures. A review of the lit- 
erature and consultation with experienced practitioners will help 
obtain useful recommendations, for example, with regard to the use 
of atropine, the value of end-tidal carbon dioxide (ETCO,) that 
would indicate controlled ventilation, and so on. The clinician is 
always responsible for making adjustments to plans in response to 
information at hand and literature review, keeping in mind that 
statistical significance does not always imply clinical significance or 
effectiveness. This appears to be particularly important when using 
injectable chemical agents in larger free-ranging otariids, using tech- 
niques such as remote delivery via darting. In the authors experi- 
ence, the differing responses to these combinations appear to be 
associated with the level of awareness or preexisting anxiety in the 
animal. Doses effectively inducing a deep sedation or a light plane 
of anesthesia in an animal that was darted while asleep and did not 
perceive a threat when roused by the dart, may not be as effective 
in a same-sized animal that is aroused or anxious before or during 
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FIGURE 44-3 Pinniped restraint options. A, Manual restraint of Northern elephant seal for tube 
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feeding. B, Conical nets used for net restraint. Width of base of larger net is approximately 1.3 meter. 
C, Adult female California sea lion restrained in conical net for physical assessment. 


TABLE 44-1 


Body Mass Family 


Protocol 


<30 kilograms (kg) Otariidae 


Towel and mask with isoflurane in oxygen; intubate and assist or control ventilation, as needed 


Phocidae Midazolam + butorphanol 0.1 milligram per kilogram (mg/kg) + 0.1 mg/kg combined intravenously (IV) 
OR 
Diazepam 0.1—0.2 mg/kg, IV 
OR 
Tiletomine/zolazepam 0.8 mg/kg, intramuscularly (IM) or IV 
Supplement isoflurane in oxygen by mask; intubate and control; or assist ventilation, as needed 
>30 <80 kg Otariidae Conical net and mask with isoflurane in oxygen; intubate and assist; or control ventilation, as needed 
OR 
Midazolam + butorphanol 0.1-0.25 mg/kg + 0.1-0.25 mg/kg, IM; followed by net and mask induction; 
intubate and ventilate, as needed 
Phocidae Tiletomine/zolazepam 0.8-1.0 mg/kg, IM or IV; supplement isoflurane and oxygen by mask; intubate and 
assist or control ventilation, as needed 
>80 kg Otariidae Midazolam + butorphanol + medetomidine 0.1 mg/kg + 0.15 mg/kg + 0.035 mg/kg, IM 
Follow by mask induction; intubate and assist or control ventilation, as needed 
Phocidae Tiletomine/zolazepam 0.8-1.0 mg/kg, IM or IV; supplement isoflurane and oxygen by mask; intubate and 


assist or control ventilation, as needed 
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Endotracheal intubation, adult California sea lion. A, Optimal position. Note assistant 


straddling animal's neck and strap behind maxillary canines. B, View of oral cavity with cord positioned 
behind maxillary and mandibular canines. C, View of oropharynx. Note laryngoscope depressing 
tongue and small epiglottis visible just ventral to margin of soft palate. Tonsils are visible lateral to 


hard palate. 


he darting. The known or expected physiologic status of the animal 
must also be taken into account. Caution must be used if the animal 
is in poor condition. Hand injection or using a pole syringe device 
is often easily accomplished and may be more reliable than remote 
delivery via darting, particularly in phocids. Although darting has 
proven very useful and effective, substantial variation in dart delivery 
seems to exist. Induction times and responses tend to be longer and 
ess predictable when the thigh muscles are used compared with the 
muscles of the neck and shoulders. It is the authors hypothesis that 
this has to do with the presence of more fascial planes between the 
numerous muscle bodies of the thigh compared with the larger mass 
of muscles of the pectoral girdle and neck. More controlled studies 
are required to investigate additional drug combinations and delivery 
techniques. 

In the authors experience, the two biggest risks during chemical 
sedation and anesthesia of pinnipeds are airway maintenance and 
control of body temperature. During induction and recovery, it is 
imperative that the airway be maintained and monitored. The pin- 
niped has robust distensible pharyngeal soft tissue that may easily 
obstruct and occlude the glottis when the animals level of awareness 
is diminished. If the animal gets into a position that may cause 
airway obstruction, it should be roused or repositioned immediately. 
On more than one occasion, sea lions have suffocated during induc- 
ion in a transport or restraint cage because they folded up against 
he side. When manually restraining animals during induction, it 
must be ensured that nothing compresses the pharynx or trachea 
and that the airway is clear. The optimal position for the head and 
neck is extension with the mouth open. This position also facilitates 
endotracheal (ET) intubation (Figure 44-4). A rope or cord loop is 
placed around the maxilla behind canine teeth and another around 
he mandible again caudal to canine teeth to hold the head and neck 
straight out and the mouth open. With larger animals on the deck, 
it may be necessary to straddle the neck first and have the animal 
facing the intubator. A laryngoscope may be used to depress the base 
of the tongue to visualize the glottis. In some smaller animals, par- 
icularly phocids, it may not be possible to visualize the glottis, and 
he tube is best guided by a gloved hand through the pharynx and 
an extended finger inserted into the glottis. The bevel of the ET tube 


Patient monitor attached to yearling California sea lion 
undergoing computed tomography scan of head and neck. Animal is 
spontaneously ventilating and in sternal recumbency. 


is oriented vertically, in line with the glottis, and the insertion is 
timed with a breath. A gentle rotation of the tube as it is advanced 
will often help in its proper positioning. The cuff should be posi- 
tioned just beyond the laryngeal cartilages, keeping in mind that the 
otariid carina is at the thoracic inlet. 

The patients vital signs should be monitored during the anesthe- 
sia period as in any terrestrial species. Airway gasses, core tempera- 
ture, capillary oxygen saturation, and electrocardiography (ECG) are 
routinely included (Figure 44-5). ETCO, partial pressures will 
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requently be higher than expected in similar-sized terrestrial 
animals; values into the 70 to 80 millimeters of mercury (mm Hg) 
range are not uncommon in uncomplicated anesthesia events. The 
clinician should resist the temptation to drive these down but rather 
watch trends over time closely and ensure that ventilation—perfusion 
mismatch is not developing from positional atelectasis. Otariids will 
usually spontaneously ventilate well and may be easily and effectively 
maintained by periodically assisting a breath and “sighing” to a posi- 
ive pressure of 20 to 25 mm Hg. However, obese animals often do 
not effectively ventilate and should be controlled with mechanical 
means. Healthy pinniped lungs tolerate higher positive inspiratory 
pressures than by those of terrestrial animals. They are normally 
exposed to incredible transthoracic pressures during diving. Caution 
should be used in animals with presumed pulmonary parenchymal 
disease such as verminous pneumonia, as bullae, mediastinal and 
subcutaneous emphysema, and, less frequently, pneumothorax may 
be induced. 
Core body temperature of pinnipeds under general anesthesia will 
generally trend close to ambient temperature. Thus, in a typical surgi- 
cal suite on a stainless steel table, the animals will tend to become 
hypothermic. The smaller the animal and the poorer the body condi- 
tion, the more likely it is that clinically significant hypothermia may 
develop. Supplemental heat with a circulating water blanket under 
the animal or a warm air blanket covering the animal should be pro- 
vided. Caution should be exercised in the use of hot water bottles. 
The glaborous skin of the flippers does not tolerate heat from stan- 
dard hot water bottles or warmed intravenous fluid bags, and serious 
thermal burns to flippers have been caused by their use. 
In contrast, larger animals and obese animals may develop hyper- 
thermia, particularly if exposed to the hot sun. An adult male sea 
lion lying on a dark rocky beach in the mid-day sun is prone to a 
hyperthermic event. Caution should also be exercised during mag- 
netic resonance imaging (MRI) of these larger or overconditioned 
animals, as they do sometimes get heated because of the magnet. 
ECG signals from unipolar limb leads are easily obtained to 
monitor heart rate and rhythm with standard equipment. Alligator- 
style clips may be applied in the axillae and a reference ground at 
the pelvic limbs. Wetting the clips with alcohol or saline facilitates 
good electrode contact. Adhesive contacts may be used but offer no 
real advantage. The clinician should be aware that only heart rate 
and rhythm information may be interpreted from the signals. Wave- 
forms are typical but amplitude varies with lead placement, patient 
positioning, and thoracic excursions. If cardiac contractility or 
chamber size is in question, diagnostic ultrasonography should be 
employed to evaluate the heart. 
With practice, vascular pressures may be directly monitored by 
catheter placement into a jugular vein (central venous pressure) or 
radial artery (mean arterial pressure) with ultrasonographic guidance; 
however, placement is often challenging and may take as long as the 
surgical or diagnostic procedure, requiring the general anesthesia. 
Diagnostics and surgery should never be delayed simply to place 
catheters. Indirect pressure monitoring has not proven useful to date. 
During the recovery period, a pinniped patient should be allowed 
o regain a high level of awareness prior to extubation. A vigorous 
response to airway stimulation by a slight manipulation of the tube 
is recommended prior to removing the tube. After the patient is 
extubated, airway patency and effective ventilation must be ensured. 
It is often useful to stimulate the animal during the recovery period 
rom time to time by grasping the nose or “tweaking” the vibrissae 
until unsafe to do so. Spraying the animal with a robust stream of 
water, focusing on the nose and face, will also assist in helping 
patients recover from general anesthesia or deep sedation. 


SURGERY 
Common 


This author is unaware of any comprehensive review of surgical cases 
or the indications for surgery in pinnipeds. Surgical techniques 
reported in the scientific literature are heavily biased toward field 


echniques for research purposes such as biopsies and transmitter 
implantation rather than on clinical case management. Typical or 
routine surgical procedures are expected to vary with institutional 
mission and animal use. In permanent collections, elective (nondi- 
agnostic or therapeutic) surgeries are limited. Some facilities rou- 
inely castrate male pinnipeds, and this may be the most common 
elective surgical procedure performed. The authors preferred method 
or bilateral orchidectomy is a single prescrotal incision and closed 
echnique as described for domestic dogs. Methods for both subcu- 
aneous and intraabdominal device implantation, including observa- 
ions of species differences in results, have been described.”””” 

Various non-elective surgical procedures for diagnostic or thera- 
peutic purposes have been reported in the literature or described in 
conference proceedings. Ophthalmic surgery and dental surgery are 
he most commonly performed surgical procedures in most perma- 
nent collections, followed by biopsy of masses and other lesions. In 
rehabilitation settings, it appears that surgical incision and drainage 
of abscesses, with or without indwelling drain placement, is very 
common, along with debridement of traumatic wounds (shark bite 
wounds, blunt force trauma, gunshot trauma, conspecific trauma, 
etc.). Numerous orthopedic surgeries have been performed, but in 
the authors experience, most orthopedic surgeries are salvage pro- 
cedures such as amputations and arthrodeses. Indications for GI 
surgeries are fewer than in terrestrial animals. The most common 
appears to be foreign body removal. Most GI foreign bodies do not 
pass the gastric pylorus, as discussed previously (the walrus, again, 
he exception here) and may be retrieved under endoscopic guidance 
per os, precluding the need for laparotomy or laparoscopy. However, 
aparoscopy and laparotomy are easily performed on most small 
pinnipeds by using methods described for dogs, and although indi- 
cations for each exist, a laparoscopic approach is preferred when 
possible. This author has successfully performed biopsy of the dia- 
phragm, liver, kidney, intraabdominal lymph nodes, neoplastic 
masses, and other lesions under laparoscopic visualization in both 
phocid and otariid patients.’ 


Special Considerations 


The application of fundamental techniques in veterinary surgery is 
well suited to pinniped surgery, and the surgeon should strive to 
optimize these aspects of every procedure. 

Because these animals are adapted to an aquatic environment, a 
ew special considerations are worth noting. The application of post- 
operative bandages—to facilitate tissue stabilization and hemostasis 
or to reduce dead space by compression—is occasionally helpful but 
must be weighed against the disadvantages of bandaging a pinniped. 
Overnight bandaging should be considered when hemostasis or dead 
space reduction is required, for example, following major amputa- 
ions; however, in general, providing access to water as soon as 
possible following surgery is preferred over “dry docking” the animal. 
These animals appear to be most comfortable and rest best when 
allowed access to water. If restricted from water, they frequently 
appear anxious and do not rest, which increases the risk of heat 
prostration. They also are prone to soiling the surgical incision sites 
with feces and urine; if the animal is misted or hosed to provide 
cooling, the bandages become wet anyway. It is often very difficult 
o fashion a bandage that will effectively stay dry and stay in place 
on an animals appendage or trunk. Veterinary ophthalmologists 
and dentists will frequently recommend “dry docking” the animal 
or up to several weeks postoperatively. In this authors experience, 
complications of wound healing are much reduced when animals 
are allowed access to water within 24 hours of surgery, if not 
immediately. 

Closure methods and suture materials to facilitate primary inten- 
ion closure are entirely the surgeons preference. All available materi- 
als appear to be well tolerated by most pinnipeds. The author 
generally elects to use a monofilament absorbable material in most 
issues and layers, including the skin, as these may be left in place. 
Pinnipeds appear to possess a remarkable propensity for wound 
healing. Major soft tissue wounds that do not allow for primary 


FIGURE 44-6 Juvenile harbor se 
discharge 7 weeks later. 


intention healing in other animals often fare remarkably well in pin- 
nipeds when left to heal by secondary intention, which often includes 
significant loss of soft tissue, even that resulting in bone exposure. 
When in doubt, conservative reconstruction and diligent monitoring 
for complications should always be considered before more radical 
attempts at repair or euthanasia. Massive soft tissue injury will often 
granulate, contract, remodel and reepithelialize at an impressive rate 
(Figure 44-6). 


PHARMACEUTICALS 


More investigations have been conducted on the pharmacokinetics 
of persistent organic pollutants and biotoxins in marine mammals 
than on medications used in clinical treatment. The literature on 
clinical pharmacokinetics and pharmacodynamics in pinnipeds is 
woefully sparse. As a result, almost all drug use in these animals is 
extrapolated from data or experience gained with other species, and 
“response to therapy” is often the best the clinician can do. Adverse 
effects, sometimes fatal, have been seen, and usually these are not 
published. The wise practitioner will consult the literature, even 
though it is sparse, and consult with colleagues when deciding on a 
drug treatment plan. 

Fortunately, in most cases, pinnipeds appear to at least tolerate 
drugs, doses, schedules, and routes of administration based on rec- 
ommendations for dogs. Exceptions do exist, particularly vasoactive 
drugs such as phenothiazine derivatives and Q)-agonists, which 
appear to interfere with the complex physiology associated with 
hemostasis during dives. These must be used with extreme caution 
and close patient monitoring. Azole antifungals have also been impli- 
cated in a fatal hepatopathy of a California sea lion treated with a 
dosage schedule presumably extrapolated from guidelines for 
dosages for domestic dogs.” Extrapyramidal side effects of the major 
tranquilizer haloperidol were noted in several collection sea lions 
being treated for chronic regurgitation.” 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


The physical assessment of a pinniped patient begins with thorough 
observation from a distance. What is the animals overall appearance? 
What is its body condition? Does it respond to stimuli, both auditory 
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al with typical shark bite trauma. A, At admission. B, Just prior to 


and tactile? (Response to auditory stimuli may be useful as an indica- 
tor of prior domoic acid intoxication.'*) Are any swellings or dis- 
charges apparent? Can the animal bear weight on all extremities? Is 
any asymmetry in gait present? Significant observed concerns are 
useful to target additional inspection under restraint, manual or 
chemical, as needed. Care should be taken to ensure a thorough inspec- 
tion and to avoid overlooking something important. 

The consistency of feces from healthy pinnipeds is quite variable. 
Stool is not regularly solid or liquid but may be both. Defecation is 
frequently stimulated when the animal enters the water or is sprayed 
or misted with a hose. The diagnosis of diarrhea may be difficult and 
should not be based on fecal consistency alone. 

Auscultation is of limited sensitivity and specificity compared 
with those in most terrestrial animals. Animals with significant pul- 
monary disease may have presumably normal lung sounds. True 
adventitial sounds are much less common in pinnipeds than in ter- 
restrial animals. Care should be taken to evaluate air movement in 
all quadrants and symmetry between one hemi-thorax and the other, 
but if pulmonary pathology is suspected, diagnostic imaging should 
be considered. Radiographic references are now available for several 
species and anatomic regions.'"”° 

Careful attention should be paid when attempting to palpate the 
lymph nodes of otariid patients. Submandibular, superficial cervical, 
axillary and popliteal nodes may often be palpated with practice and 
are often involved in lymphadenopathies. Palpation of the sublum- 
bar lymph nodes should be attempted. They are generally not pal- 
pable if normal but are often involved early in cases of metastatic 
urogenital carcinoma. External genitalia should be inspected, includ- 
ing extending the penis from within the sheath to look for plaques 
hat may be indicative of early neoplastic lesions. It is possible to 
palpate some abdominal structures of tractable or sedated sea lions 
and fur seals: both kidneys, the caudal margin of the liver, and 
sometimes a turgid urinary bladder. Pregnancy and neoplastic 
masses, both primary and metastatic, may often be identified with 
careful palpation. In contrast, it is usually not possible to effectively 
palpate the abdomen of phocids. 

Following a thorough observation and direct inspection, obtain- 
ing whole blood for routine hematology and clinical chemistry is 
most valuable for assessing the health status of any marine mammal. 
These animals are very good at masking signs of illness. Hematology 
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and chemistry results are invaluable for decision making and may 
be the only real objective data easily obtained. Numerous available 
references describe expected parameter values, vascular access sites, 
and methods for routine blood sampling. 

If an effective clinical plan—diagnostic, therapeutic, or both— 
cannot be made with the results of observation, inspection, CBC 
count, and chemistry panel, diagnostic imaging is usually the 
next step. 


DISEASE 
General 


Common things occur commonly but in pinniped medicine common 
hings vary with environment. Typical concerns and illnesses seen in 
a rehabilitation facility are almost never seen in collections. Collec- 
ion animals tend to experience longer life spans and develop age- 
associated disease conditions not often seen in rehabilitation settings. 
Dermatopathies and ocular diseases appear to have a higher preva- 
ence in collections, likely because of environmental conditions such 
as water quality and exposure to ultraviolet radiation. In managed 
collections, many skin conditions that are deemed insignificant in 
ree-ranging animals create concern in animal care staff or visitors 
and are brought to the attention of the attending clinician. The desire 
and need for a diagnosis should be weighed against potential health 
risks and behavioral disruption caused by diagnostic and treatment 
plans. 


Infectious and Parasitic Diseases 


Wild pinnipeds have co-evolved with a myriad disease agents and 
parasites with infectious potential; however, the presence of an agent 
does not mean disease. Balance in the host—agent—environment triad 
is the normal situation. When this balance is upset, disease may 
result. A few agents and diseases are frequently seen in rehabilitation 
centers and frequently cause concern to collection managers, and 
hese warrant a brief mention. 


Viral Diseases 

Caliciviruses are ubiquitous in the marine environment, and many 
serovars have been reported. In otariids, caliciviral disease varies, 
depending on the strain, from mild GI signs to severe vesicular 
stomatitis and dermatitis of the glaborous skin of the appendages. 
Abortion and encephalitis have also been reported. Morbidity is 
moderate and mortality low. Isolates from clinical cases were experi- 
mentally transmitted to swine and caused a disease indistinguishable 
from vesicular exanthema of swine. Managers of collections that 
include otariids and swine should be aware of this. 

Phocine distemper virus (PDV) has caused very large, very-well- 
documented epizootics in seals in Europe. Phocids have been experi- 
mentally infected with canine distemper virus (CDV) and vaccinated 
against this pathogen as well. PDV has been documented to cause 
disease in harbor seals in the northeast United States and the Gulf 
of St. Lawrence in Canada. ” CDV in one captive born California sea 
lion in Europe has been reported. CDV infection was confirmed in 
that animal by immunohistochemistry and real-time polymerase 
chain reaction (RT-PCR), although the authors speculated that it may 
have been an incidental finding.* Serologic surveys have detected 
anti-morbilliviral antibodies from pinnipeds from the Antarctic to 
the Canadian arctic. As many as 50% of sampled fur seals on the 
Pribilof Islands tested were seropositive (Gulland, personal com- 
munication). Morbilliviral nucleic acid identified as PDV has been 
detected in sea otters in Alaska.” To this authors knowledge, sero- 
logic evidence from the eastern Pacific, including the California coast 
of the United States and Baja Mexico, is sparse, and no clinical mor- 
billiviral disease has been reported from this region. Considering the 
high resident population of (presumably susceptible) marine 
mammals in this area, the introduction of morbilliviruses could 
precipitate a devastating epizootic. 

Phocine herpesviruses appear to be ubiquitous in the environ- 
ment, and essentially all free-ranging seals, sea lions, and walrus 


seroconvert. These viruses have been associated with outbreaks of 
central nervous system disease or adrenal disease in rehabilitation 
facilities.” 

Influenza A viruses have caused significant epizootics in seals 
along the Northeastern coast of the United States. Subtypes H7N7, 
H4N5, H4N6, H3N3, and, most recently, H3N8 have been identified 
in these seals. Much attention has been focused on the seal as a 
potential intermediary host in the transmission of the highly patho- 
genic avian influenza virus from avian hosts to humans, particularly 
he H3N8 strain isolated in the most recent and unusual mortality 
event in New England.” 
Poxvirus infections causing typical lesions are common in young 
pinnipeds presented to rehabilitation facilities. The verrucous lesions 
are generally self-limiting and are unusual in mature animals. West 
ile virus and eastern equine encephalitis virus infections have been 
documented in captive harbor seals.'°*° 

A number of other viruses have been isolated from pinniped 
samples or identified through immunologic or metagenomic 
methods. Some of the viruses thus identified are adenoviruses, anel- 
loviruses, coronavirus, astroviruses, and parvoviruses. The clinica 
significance of finding these viruses is often inconclusive. Very likely, 
disease associated with these viruses is multi-factorial, and additiona 
risk factors are unknown. A recent metagenomic exploration of the 
fecal virome of rehabilitating California sea lions characterized previ- 
ously undescribed ribonucleic acid (RNA) and deoxyribonucleic acid 
(DNA) viruses, including sapeloviruses, sapoviruses, noroviruses, 
and bocaviruses.” 


Bacterial Diseases 

Leptospirosis is well known as being endemic in California sea lions 
along the California coast and continues to intrigue disease ecolo- 
gists. Factors that contribute to periodic epizootic outbreaks from 
background prevalence are still not completely understood and are 
under intense investigation. Clinical disease in these animals is most 
often due to infection vvith a L. interrogans pomona servovar vvith a 
genotype that appears to be unique to sea lions.” Clinical signs are 
attributed to acute interstitial nephritis. Early and aggressive fluid 
and antibiotic therapies have resolved clinical disease in many 
animals. Rates and periodicity of shedding in free-ranging subclinical 
or recovered “carrier” animals are currently being sought through 
field investigation. 

Tuberculosis is a widely recognized contagious zoonotic disease 
of otariid pinnipeds, resulting from infection with Mycobacterium 
pinnipedii. Cases have been reported from Australia, Europe, New 
Zealand, and South America and include outbreaks and in which the 
pathogen spread from pinnipeds to Malayan tapirs (Tapirus indicus), 
bactrian camels, (Camelus bactrianus bactrianus), and crested porcu- 
pines (Hystrix cristata). Additional species reported to have been 
experimentally infected with M. pinnipedii include guinea pigs, 
rabbits, a Brazilian tapir (Tapirus terrestris), a llama (llama glama), a 
western lowland gorilla (Gorilla gorilla gorilla), and two feline species 
(Panthera uncia, Panthera pardus orientalis). Transmission to humans 
in zoologic settings has also been documented.” Mycobacteriosis in 
pinnipeds appears to be absent at present in North America. One 
case report described a mycobacterial infection in a captive Califor- 
nia sea lion; however, the isolate was identified as M. smegmatis.” 
The obvious implications of this disease should be considered when 
making management and husbandry decisions. 

Infection with marine origin Brucella sp. has received a lot of 
scientific attention recently. Evidence of exposure to or infection with 
Brucella sp. in marine mammals appears to be widespread and global 
in distribution, although the clinical significance is unknown. Marine 
mammal biovars of Brucella sp. are genetically distinct from terrestrial 
biovars. Cases of human brucellosis caused by marine origin isolates 
have been documented.” Clinical disease in pinnipeds appears to be 
ess common than in cetaceans; however, this disease may have an 
impact on conservation efforts. For example, during development of 
a competitive enzyme-linked immunosorbent assay (cELISA) for 
marine origin Brucella sp. antibodies, 16 of 28 (57%) Hawaiian 


monk seal samples were interpreted as positive, but interpretation 
of assay results continues to be hindered by sensitivity and specificity 
information that is limited and difficult to deduce.*’ 

The potential fecal pathogens Salmonella spp. and Campylobacter 
spp. have been isolated from many free-ranging and stranded pin- 
nipeds along the coasts of California and Scotland. In one study, 87% 
of elephant seal pups sampled harbored Salmonella spp.”” Salmonella 
spp. also isolated from the feces of 2 of 13 sampled South American 
sea lions (Otaria flavescens) without clinical signs of disease.” Clini- 
cal disease in pinnipeds due to infection with these agents appears 
to be rare, however, they could serve as sources for zoonotic 
transmission. 

Recently, a case of wound infection in a rehabilitating harbor seal 
aused by methicillin-resistant Staphylococcus aureus (MRSA) was 
ocumented.”* 

A Mycoplasma species has been identified as responsible for soft 
tissue and joint infections in numerous sea lions.” Disease caused 
by infection with this organism sometimes has an insidious onset 
and often involves the connective tissues of the appendages. This 
disease is not responsive to cell wall—inhibiting antibiotics, which 
are frequently used as first-choice agents to treat many wound and 
soft tissue infections. Mycoplasmal infection should be considered 
in nonresponsive cases of presumed soft tissue infection. 


e. G 


Fungal Diseases 
Mycotic disease appears to be of lower prevalence in most pinniped 
populations than in other marine mammal species. In rehabilitation 
facilities, evidence of fungal dermatopathy is often seen in California 
sea lions. The lesions are multi-focal maculae characterized by dis- 
crete circular hyperpigmentation and patchy alopecia of differing 
diameters. Less commonly, active lesions and a pronounced suppura- 
tive inflammation of the skin are seen. Cytology and culture of these 
active lesions have identified a Trychophyton of unknown species. 
Attempts to type this fungus are currently ongoing. 

Disseminated infection with Coccidiodes immitis is also regularly 
seen along the California coast of the United States, and risk of 
exposure to humans should always be considered. This organism has 
been declared a select agent by the USDA, and infectious arthroco- 
nidia have been detected in tissues from necropsy specimens. 

Many other sporadic disseminated fungal infections and derma- 
topathies have been reported, often presumably exacerbated by envi- 
ronmental conditions, antibiotic therapy, or immunosuppression. ° 


Protozoal Diseases 
A large and growing body of evidence suggests exposure to, infection 
with, and disease caused by protozoan parasites in free-ranging and 
captive pinnipeds. Otariids, phocids, and obenids all appear to be 
susceptible to infection with Toxoplasma, Neosporia, and Sarcocystis 
spp. Antemortem diagnosis is supported by serologic assays and 
biopsy, and several successfully treated confirmed cases have been 
reported.’ Recently, several novel coccidian organisms have been 
identified in the intestinal tracts of California sea lions. Both sexual 
and asexual coccidian stages were identified in enterocytes, suggest- 
ing that sea lions may be definitive hosts and that these organisms 
may be pathogenic in other pinniped species. ° 


Metazoal Diseases 

Cestodes, nematodes, trematodes, and acanthocephalans are rou- 
inely found in free-ranging pinnipeds. The pathology associated 
with these taxa is quite varied. Verminous pneumonia is a wide- 
spread, well-recognized, and debilitating condition in many young 
pinnipeds. In contrast, ova, larvae, or adults are often found inci- 
dentally during diagnostic workups. The astute clinician will evalu- 
ate the weight of evidence that these organisms are involved in the 
disease process against the potential for an adverse response to treat- 
ment. Anthelmentic administration to an animal in poor condition 
with a substantial lungworm burden, for instance, may incite a fatal 
inflammatory response. In rehabilitation settings, animals destined 
for release will be reexposed and presumably reinfected following 
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reatment. The goal again is to “tip-the-balance” in favor of the 
patient when the parasites are a significant part of the disease 
process—not to completely eliminate the burden. When animals are 
destined to move from the wild to a permanent collection, consid- 
eration should again be given to the risks versus the benefits of 
herapy. The life cycles of many of these parasites have not been 
confirmed, but most are likely indirect and require an intermediate 
host. When animals in collections are fed previously frozen food 
items, metazoan parasites are presumed killed, so these animals will 
not be reinfected. If no intermediate host is present in the system 
he animals are housed in, the infection will likely resolve over time 
and with appropriate immune response of the host. Anthementic 
reatment coincident with the stressor of a recent environmental 
change may be deleterious or even fatal. 

Consider the common filarid nematode of California sea lions, 
Acanthocheilonema odenhali. Microfilariae of this worm are frequently 
found in blood samples from animals presenting for rehabilitation. 
The adults live in the fascial planes and subcutis of the neck and 
axillae and do not cause disease. The microfilaria may reportedly be 
discriminated from those of the potentially pathogenic A. spirocauda 
and Dirofilaria immitis; however, in clinical practice, this is difficult 
and impractical.'* To this authors knowledge, disease caused by D. 
immitis has never been reported in a free-ranging pinniped and infec- 
tion with A. odenhali is common. The decision to pursue accurate 
identification of the microfilaria (they appear to cross-react with 
some commercially available assays for D. immitis but not all) or to 
pursue clearance of the microfilaria with a microfilaricide should be 
made on the basis of associated risks. 


Noninfectious Diseases 


Most potential noninfectious causes of morbidity and mortality have 
been discussed in preceding sections of this chapter. It is worth 
reiterating a few points here. Risks inherent with disturbances of 
hermoregulation are constantly present in pinniped patients. The 
ikelihood of hyperthermia or hypothermia should always be evalu- 
ated and a means for prevention or response incorporated into the 
diagnostic or treatment plan. 

Malnutrition is perhaps the single most common reason for pin- 
niped patients to present to rehabilitation centers. Not enough is 
known about the optiml carbohydrate-free artificial ration to use in 
various stages of treatment. “Gastric mastication” may be an impor- 
tant factor in normal digestion and assimilation in these animals. 
Anything artificial the patient is exposed to during rehabilitation, 
including the physical environment, pharmaceuticals, and rations, 
may put artificial selection pressure on the microbiome and may 
interrupt normal physiochemical development as well. Despite these 
challenges, many animals have recovered with supportive care and 
assist-feeding with a variety of ration recipes in use. 

Entanglements with or ingestions of human-made debris are a 
common problem. Frequently, the entanglement is around the neck 
and has been present for some time before the animal is reported. 
These animals tend to be otherwise healthy, often ostracized by 
conspecifics and wary of predators. As a result, they may be difficult 
and dangerous to capture until they are so debilitated that their 
prognosis is poor. Remote sedation with new drug cocktails is 
showing great promise of helping these animals." 

Intestinal foreign bodies are uncommon. If an object passes 
hrough the pyloric sphincter, it may pass all the way to the anus, 
except in the walrus. Gastric foreign bodies are not uncommon but 
are rarely emergencies. Pinnipeds, like most cetacean species, appear 
o be able to voluntarily induce emesis and “purge” the stomach 
periodically. Emesis may sometimes be induced with gastric irritants 
such as hydrogen peroxide or mustard slurries but less reliably than 
in canine patients. Endoscopic retrieval is indicated if the object is 
ikely to cause physical damage or toxicosis. Terminal fishing tackle, 
hooks, lines, and sinkers may pose unique challenges, depending on 
heir location and degree of embedding. Radiography should be 
performed on any animal seen with external terminal tackle attached 
o evaluate for the presence of swallowed tackle as well. 
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Behavioral abnormalities are sometimes significant medical prob- 
lems. The ability of pinnipeds to induce voluntary emesis appears 
to be exploited by some individual animals and comprise a 
displacement behavior that may frustrate keepers, trainers, and 
caregivers alike. It may also be confused with significant occult 
medical problems. Stereotypical swim patterns sometimes lead 
to patchy alopecia or excoriations. Patchy alopecia has also been a 
feature of some unusual morbidity and mortality in free-ranging 
animals with unknown etiology.” Chewing on or gnawing at 
enclosure structures has led to significant dental disease in many 
captive-born pinnipeds. 

Neoplasia affects both free-ranging and captive pinnipeds. Uro- 
genital carcinoma affects approximately 1 of 6 adult California sea 
lions necropsied at TMMC and is a discrete disease syndrome in 
stranded sea lions. Several risk factors for this disease have been 
identified, and an international consortium is investigating the etio- 
pathogenesis that includes both infectious and noninfectious factors.” 
Clinical signs include varying degrees of posterior paresis to paralysis 
and perineal edema. Sublumbar lymphadenopathy is often detected 
early in the course. No treatment is available. Collection animals are 
infrequently affected by this carcinoma, although wild-origin animals 
have developed the disease in captivity. Other neoplasms affecting 
pinnipeds are scattered types and sporadic in nature. 


Toxicoses 


The most significant clinically recognized toxicosis of pinnipeds is 
domoic acid intoxication of free-ranging animals off the California 
coast. This harmful algal toxin mimics the neurotransmitter gluta- 
mate and is biomagnified up the food web. Acute and chronic forms 
of the intoxication are recognized, and clinical signs at presentation 
range from subtle behavioral deficits to status epilepticus. Treatment 
is supportive. Epileptic animals are not candidates for release from 
rehabilitation centers; they do not make attractive display animals 
and are generally euthanized. In utero exposure and intoxication of 
the pups of pregnant dams may lead to serious neurodevelopmental 
isorders. Pups presumably exposed in utero have developed seizure 
isorders later in life, and some evidence indicates that the 
ypothalamic—pituitary—adrenal axis is disrupted in intoxicated 
animals.” It is possible that many yearling-class pinnipeds that 
present to rehabilitation facilities have cognitive or other neurologic 
deficits as a result of in utero exposure to domoic acid and that this 
has contributed to their failure to thrive. Some of these animals end 
up in managed collections, and a careful history should be taken by 
the attending veterinarian. 

Recognition that these animals are excellent sentinels of the 
health of the oceanic and near-shore ecosystems has led to numerous 
investigations into the relationship between contaminant burdens 
and morbidity or mortality. The scientific literature contains numer- 
ous publications that examine the possible connection between 
burdens of heavy metals, organochlorines, endocrine disruptors, and 
other anthropogenic contaminants and everything from dermatopa- 
thies, reproductive failure, neoplasia, neurologic deficits, and death. 
Reports of clinical intoxications of collection animals are, in contrast, 
uncommon. Exposure to toxicants used in pest control programs or 
to potentially toxic items that are inadvertently introduced into 
exhibits, such as lead objects or zinc containing coins, should be 
considered in cases of suspected intoxication. 


ac. 


REPRODUCTION 


For a thorough description of pinniped reproduction, consult avail- 
able references (specifically the excellent text Biology of Marine 
Mammals by Reynolds and Rommel leds.1”). Only brief comments 
considered salient to typical collection and rehabilitation medicine 
are mentioned here. Not all species have been studied in any detail, 
but wild pinnipeds generally display a strong population synchrony 
in reproductive events, and photoperiod is likely a strong influence 
of timing. All pinnipeds exhibit delayed implantation, and as a result, 


diagnosis of pregnancy may be difficult in early gestation. Pregnancy 
usually results in only one offspring; twins are rare. In managed 
collections, the reduction of environmental and nutritional stressors 
may lead to earlier reproductive maturity than in the wild. Two-year 
old sea lions have sired pups. Contraception may be accomplished 
by surgical, social grouping, or chemical means. The use of depot 
ormulations of gonadotropin-releasing hormone (GnRH) analogs 
in adult pinnipeds has resulted in local site reactions. Surgica 
contraception in females by laparoscopic ovariectomy is feasible in 
most species but is not commonly performed. The application of 
advanced reproductive technologies such as hormonal contro 
of cycles and artificial insemination appears to be uncommon in 
pinnipeds, with the possible exception of walruses. Some work 
has been done by at least one group to manipulate both male and 
emale reproductive cycles of walruses with the aim of increasing 
pregnancy rates. 


PREVENTIVE MEDICINE 


Periodic regular health assessments, including routine CBC counts 
with differentials and serum chemistry profiles, may detect the 
onset of some disease conditions at an early stage; however, more 
often, observations made by caregivers are the first indication of 
medical problems. Open and frequent communication among 
keepers, trainers, animal care staff, and the veterinary team is critical 
to early detection of health problems. All instances of unexplained 
change in body condition, behavior, appetite, or attitude should be 
evaluated. 

As mentioned earlier, providing an optimal physical environ- 
ment, with special attention to the water quality and to the special- 
ized anatomic, behavioral, and physiologic adaptations of these 
animals to the aquatic environs is arguably the most important pre- 
ventive measure that should be taken in managed collections. Par- 
ticular attention should be paid to the risks associated with restraint 
and confinement, namely, hyperthermia and asphyxiation, especially 
during transportation of pinnipeds from one location to another. 

Some institutions have elected to vaccinate pinnipeds against 
rabies, WNV, and CDV with commercially available vaccines, and 
most administer a heartworm preventive agent when D. immitis 
infection is endemic in dogs in the area. 
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CHAPTER 


The Florida manatee (Trichechus manatus latirostris), a member of the 
Trichechidae family of the order Sirenia, will be used to illustrate 
topics in Sirenia medicine and surgery for this chapter. When pos- 
sible, the Antillean manatee (Trichechus manatus manatus) and the 
Amazonian manatee (Trichechus inunguis) will be included, although 
material on these and the West African manatee (Trichechus senega- 
lensis) is sparse. Data will be used from the only surviving member 
of the family Dugongidae, the Dugong (Dugong dugon), with the help 
of colleagues in Australia. 

Sirenia are found in over 80 countries and territories throughout 
the tropical and subtropical latitudes.”” These marine mammal her- 
bivores inhabit coastal waters and river systems. Their range is gener- 
ally restricted by water temperatures, and both dugongs and Florida 
manatees, which are at their outer range for comfort, may migrate 
to warmer water during their respective winter periods. 

There has been a great increase in effort in all Sirenia species to 
collect ecologic and health information as habitats are placed under 


continuing pressure from anthropogenic and natural factors. The 
natural history, ecology, and genetic background of these species is 
covered in a number of publications, and the interested reader is 
referred to these for additional information.” A valuable 
source of information on Sirenia is available online in an extensive 
bibliography compiled by Daryl P Domning, Bibliography and Index 
of the Sirenia and Desmostylia (http://www.sirenian.org/biblio/).'* 
Additional material (and useful videos) on Sirenia health will be 
available to the reader in the future at http://aquaticanimalhealth.org/ 
multimedia.html. 


CLINICALLY IMPORTANT ANATOMY 


Anatomy investigations may be traced back to the 1870s.” Sireni- 
ans are fusiform in shape with very sensitive facial hairs and pre- 
hensile capability to acquire vegetation for ingestion. The eyes 
are generally small, and the external auditory meatus is about 1 
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millimeter (mm) in diameter along the side of the skull. The varia- 
ion in the angle of the rostral portion of the skulls between mana- 
ees and dugongs is based on their feeding habits. The dugong has 
prominent incisor teeth (tusks) present in both genders. Sirenia 
pectoral flippers are flattened laterally and medially, have three to 


Critical Care Facility Medicine and Management 

At the critical care facility, manatees undergo a visual inspection of 
body condition, eyes, oral cavity, wounds or lesions, and respiratory 
rate and quality, heart rate, and oral temperature are recorded. Thin 


four nails, and may assist in maneuvering, pulling along the bottom or emaciated animals should have a blood sample taken early in the 
during feeding, and tactile contact between animals, including evaluation to include complete blood cell count (CBC), chemistries, 
manipulation of females by males whose flippers are longer and spun packed cell volume (PCV), total protein levels, and glucometer 


rougher medially to hold on during breeding activity. The nipples 
are placed in the axillary region, as in elephants, and testes are 
internal. The tail or paddle is round in manatees, and the dugong 
ail is shaped like that of a dolphin, with symmetrical fluke blades 
extending laterally from the vertebral attachment. Each lung con- 
sists of an elongated single lobe placed in its own pleural cavity 
created by a midline connection of the hemi-diaphragms to the 
vertebral bodies. The cranial 70% of each manatee lung attaches 
medially at the vertebrae. The heart is cranioventral to the pleural 
cavities and separated from the abdominal cavity by a transverse 
septum. The liver and intestinal tract lie ventral to the hemi- 
diaphragms. Manatees are hindgut fermenters, and the gastrointes- 
inal (GI) tract may make up to 23% of an animals body weight,” 
exhibiting a number of unique features. The stomach is a single 
C-shaped sac and has a digestive cardiac gland. The duodenum has 
hree portions, including the enlarged duodenal ampulla, the two 
duodenal diverticula, and the post-ampulla duodenum. The cecum 


glucose levels before placing the animal in water. CBC count and 
chemistry values are listed in Table 45-1 and 45-2.2222 Standard 
blood sampling for manatees is from the interosseous space between 
the radius and the ulna, which may be approached medially or 
laterally. The site is visually defined by flexing the carpal joint and 
noting the elbow joint and then palpating the caudal edge of the 
radius between the joints. The medial insertion site may strike 
the median nerve and create discomfort in and resistance from the 
animal after multiple blood samples. The lateral approach may 
result in less discomfort but the vessel location is (goes) deeper, 
and redirection of the needle or obtaining large volumes is more 
difficult. Small calves may be bled with 25- to 23-gauge needles 
with small extension sets; however, rapid clotting may occur, 
so having (using) preheparinized syringes may help avoid sample 
loss. One-inch (25-mm), 20-gauge needles with extension sets are 
used in juveniles. Blood samples may be obtained from adults with 
1.5-inch (38-mm) 20- to 18-gauge needles attached to extension 


is rounded with two acces 
ance. The kidneys are mu 
o the lungs. The vulva is 
circular rim of tissue. The 
with the urethral opening 
erization unless the anima 


icus. Vascular access for c 
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VETERINARY INTERACTION WITH SIRENIA 


A number of book chapters and articles cover a range of Sirenia 


sets, which helps avoid needle displacement when the animal 
moves. Cytology and cultures of lesions may help guide therapy. 
Absence or presence of a scant amount of dry, hard feces may suggest 
dehydration and constipation. Hypoglycemic animals should receive 
glucose supplementation and oral fluids, and a constipated animals 
oral fluid should be lubricated with mineral oil prior to release of 
the animal into a pool. Gavage hydration or feeding is always done 
last to avoid possible complications related to handling and regurgi- 
tation. Additional diagnostic techniques may be delayed, and the 
priority should be to place the animal back into water after an 
extended transport. 

Radiography may be indicated for evaluation of a number of 
conditions. Rib fractures, pneumothorax, and spinal and head inju- 
ries are common indications for imaging. Care should be taken, as 
rolling the animals to place the films, lifting the animal in a stretcher, 


health issues, treatments, and pathologic findings’*****? Veterinary 


or struggling of an animal may all exace 


rbate existing damage. 


involvement with manatees occurs in rescues, research-based health 
assessments, health assessments of animals being monitored after 
release, rehabilitation, long-term management in aquaria and zoo- 
logic institutions, and necropsies. The chapter will focus on these 
areas, with references provided where the authors do not have first- 
hand knowledge of the activity described. 


Acclimation, Pain, and Anxiety 


Dehydration, in-water support, constipation, pain, adjusting to a 
foreign environment, strange food and how it is presented, all of 
hese affect recuperation and should be addressed. Noise and human 
presence should be minimized. Alleviation of discomfort and anxiety 
is especially important in the first few days after injury. Opioids are 
generally avoided because of their effect on intestinal motility. Keto- 
profen has been used for its analgesic effects for up to 5 days, but 
care should be taken to ensure that the animals are being properly 
hydrated to avoid adverse effects on kidneys. Gastric ulcer formation 
may be promoted with the use of nonsteriodal anti-inflammatory 
drugs (NSAIDs) in juveniles and leads to a decrease or lack of 
improvement in appetite. Histamine-2 (H2+) blockers and coating 
agents may help mitigate ulcer development and treat lesions that 
are already present. 

If necessary, barriers should be erected to maintain distance 
between humans and new arrivals, especially adult animals that are 
less adaptable to change. Sinking the food trays into the water 
mimics common feeding methods in the wild; additional food 
should be left in the pool at night, as some animals are more likely 
to eat at that time. Although manatees do not travel in tight groups 
or pods, they do respond positively to company, which may promote 
eating and relieve anxiety. Age, gender separation, and reproductive 
activity may negatively influence appetite and behavior. 

Oral valium may be used to alleviate anxiety and enhance appe- 
tite in new arrivals. The dosage is started low (15 to 20 milligrams 
[mg] for a 450-kilogram [kg] animal, twice a day [BID], when 


Rescue, Transport, and Rehabilitation 


Manatees and dugongs may require intervention for a number of 
diseases and anthropogenic challenges.** First response is usually 
performed by state or facility personnel with experience in manatee 
capture and transport. Facility veterinarians may be present for the 
operation or are in contact with rescuers by phone. The most 
common reasons for rescue and rehabilitation include cold stress, 
orphaned calves, other natural disease (reproductive complications, 
biotoxins, infectious disease, noninfectious disease), watercraft inju- 
ries, entrapment, and other human-related etiologies such as entan- 
glement or ingestion of fishing gear. Observation of the ill or injured 
manatee’s behavior prior to capture may be very helpful in under- 
standing the cause of the problem and preparing for transport and 
herapy. New availability of above-water and underwater cameras 
placed at winter congregation sites may improve access for visual 
evaluation of ill and injured animals at specific sites. Cardiopulmo- 
nary compromise from pneumonia, fractures, pneumothorax, or 
pyothorax may require special handling to decrease further damage. 
If pneumothorax and broken ribs are suspected, attempts should be 
made to reduce further damage to the lung and the surrounding 
issue from manipulation, loading, and transport. 
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TABLE 45-1 w 


Analyte Free-Ranging (r = 52) Captive (n = 62) PValue 
Hematocrit, liter per liter (L/L) 0.351 (0.289-0.435) 0.350 (0.277-0.461) 0.731 
Hemoglobin, gram per liter (g/L) 112 (94-135) 112 (86-149) 0.784 
Red blood cell count (x1077/L) 2.76 (2.17-3.39 2.81 (2.30-3.51) 0.366 
Mean corpuscular volume, (fL) 128 (114-140) 124 (105-140) 0.003 
Mean corpuscular hemoglobin, picogram (pg) 40.8 (36.6-44.9 40.0 (32.9-44.3) 0.015 
Mean corpuscular hemoglobin concentration (g/L) 320 (280-354) 320 (294-336) 0.973 
Red cell distribution width (%) 16.2 (13.9-22.8 16.6 (13.5-21.4) 0.139 
Platelets (x10°/L) 242 (111-424) 274 (137-507) 0.051 
Mean platelet volume (fL) 6.44 (5.02-8.49 6.40 (5.19-8.80) 0.625 
White blood cell count (x105/L) 5.98 (2.77-13.50) 6.64 (2.85-14.2) 0.070 
Bands (x10°/L) 0.02 (0-0.22) 0.02 (0—0.16) 0.912 
Heterophils (x109/L) 2.33 (0.77-6.53 3.25 (1.40-8.50) <0.001 
Lymphocytes (x10°%L) 2.90 (1.01=7.20 2.71 (0.83-8.50) 0.811 
Monocytes (x105/L) 0.51 (0.08-1.70 0.56 (0.07—-2.80) .537 
Eosinophils (x105/L) 0.20 (0-1.23) 0.09 (0-0.41) <0.001 
Basophils (x10°/L) 0.04 (0-0.27) 0.03 (0-0.14) 0.138 
Nucleated red blood cell (x105/L) 0.02 (0-0.21) 0.04 (0-0.25) 0.028 
Reticulocytes, manual (x10°%L)T 51 (16-96) 74 (0-127) 0.076 
Reticulocytes, automated (x10%/L)+ 17 (7-45) 21 (3-39) 0.424 
Heinz bodies (%)8 8.2 (0.6-22.3) 7.0 (0-15) 0.181 
Plasma proteins (g/L) 80 (69-93) 81 (70-92) 0.641 
Fibrinogen (g/L) 2.24 (1.00-5.00) 3.23 (1.00-6.00) 0.002 
0... —.———.———— —————— __ rh 
“Data are mean (minimum-maximuml). Data for small calves were not included. Except for reticulocytes, P values were determined by comparing loca- 
tion (free-ranging versus captive) and age of blood sample (fresh versus day old) using a two-way ANOVA (analysis of variance) with the Tukey test for 
group comparisons. Only fresh blood samples were analyzed for reticulocyte counts, so P values were determined for free-ranging versus captive animals 


using a t-test. 

tn=17 free-ranging, 15 captive 
İn = 10 free-ranging, 9 captive 
Sn = 28 free-ranging, 40 captive 


Table reproduced with permission from Harvey JW, Harr KE, Murphy D, et al: Hematology of healthy Florida manatees (Trichechus manatus). Vet Clin 


Pathol 38(2):183-193, 2009. 


tubing) and adjusted according to the animals response. This may 
also improve cooperation with intubation for administration of fluids 
and food, treatment of wounds, and blood sampling and avoid 
handling-associated tissue damage from fractured ribs and 
pneumothorax. 


Restraint, Sedation, and Anesthesia 


Physical restraint may pose some danger to animals and handlers, 
so only trained personnel should be involved. Minimal restraint is 
often needed for procedures that involve wound care, blood sam- 
pling, and gavage feeding. Sedation may be required for biopsies or 
minor procedures or to avoid causing additional injury to a trauma 
patient. Sedation may be achieved through a number of approaches 
(Table 45-3). Heavy sedation and anesthesia require intubation and 
monitoring as in other species. Intubation may be achieved under 
heavy sedation, with additional masking, as needed. The tube is 
placed through the nasal cavity under the guidance of a broncho- 
scope. The trachea is short (often less than 10 centimeters [cm]), so 
confirming placement of the tube with the scope helps avoid intubat- 
ing and ventilating only one lung instead of both. 


Diet 


Wild manatees eat a wide variety of fresh water and marine vegeta- 
tion, including sea grasses and algae.”””” It is often challenging to 


provide food close to wild vegetation in facilities because of a wide 
variation in caloric requirements dictated by injury, age, and size. 
Compared with adults, juveniles are more likely to begin eating 
readily in a new rehabilitation environment. Manatees with severe 
injury or cold stress may require a marked increase in caloric needs, 
which lettuce cannot provide. Manatees should have a variety of 
greens available, when possible, and wild vegetation is preferred, 
although it is difficult to acquire in adequate volume. 

Determination of food volume should be based on weights, mea- 
sured regularly during therapy or when monitoring growth. Rough 
guidelines that manatees require 10% of their body weight in food 
underestimate the caloric need for rapidly growing animals with 
poor forage and overestimate the requirements of inactive adults. 
Supplementation with gruel formulas is beneficial in the treatment 
of emaciated or badly injured animals. A gruel made of 720 grams 
(g) of leaf eater monkey chow, 600 g of spinach, and 400 milliliters 
(mL) of water results in approximately 1080 calories per liter (L). 
Generally, the strength of the gruel is started at 25% to avoid gastric 
damage from increased acidity and then increased over 4 to 6 
days. Anorexia or decreased appetite in new arrivals may be associ- 
ated with illness, dehydration, constipation, intestinal disease, 
anxiety, discomfort, isolation, hormonal cycles in females, gastric 
ulcers, noise, human activity, unknown foods, and adaptation 
difficulty. 
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TABLE 45-2 

Analyte Free-Ranging Captive P Value 
Sodium, millimole per liter (mmol/L) 150 (143-158) 150 (142-161) P=0.30 
Potassium (mmol/L) 4.9 (3.8-6.3) 4.8 (3.5-6.7) P=0.23 
Chloride (mmol/L) 93 (78-106) 86 (71-98) P <0.001 
Total carbon dioxide (mmol/L) 27 (4-41) 40 (14-54) P c0.001 
Anion gap (mmol/L) 39 (15-59) 28 (5-46) P c0.001 
Lactate (mmol/L) 13 (1-30) 4 (1-24) P= 0.002 
Calcium (mmol/L) 2.6 (2.0-3.7) 2.8 (2.2-3.4) P=0.03 
Phosphate (mmol/L) 1.9 (1.1-2.7) 1.6 (1.1-2.9) P=0.03 
Magnesium (mmol/L) 1.9 (1.2-3.1) 1.4 (0.7-1.9) P <0.001 
Urea (mmol/L) 2.1 (0.4-4.3) 4.6 (1.8-8.9) P <0.001 
Creatinine, micromole per liter (umol/L) 128 (53-336) 194 (115-345) P <0.001 
Bilirubin (umol/L) 1.7 (O-5.1) 1.7 (0-8.6) P=0.88 
Glucose (mmol/L) 4.6 (2.3-9.9) 4.4 (1.9-8.6) P=0.82 
Cholesterol (mmol/L) 3.0 (2.1-7.3) 3.5 (1.9-7.6) P=0.91 
Triglycerides (mmol/L) 0.9 (0.3-2.2) 0.8 (0.3-1.6) P= 0.04 
ALP, unit per liter (Unit/L) 86 (39-192) 122 (51-242) P <0.001 
GGT (Unit /L) 31 (9-47) 46 (11-99) P <0.001 
ALT (Unit /L) 18 (5-48) 17 (1-94) P=0.52 
AST (Unit /L) 9 (4-26) 9 (3-37) P=0.60 
CK (Unit /L) 190 (51-2966) 261 (64-3348) P = 0.64 
Total protein, gram per liter (g/L) 76 (64-90) 80 (71-93) P <0.001 
Albumin (g/L) 34 (25-46) 39 (33-47) P <0.001 
Total globulins (g/dL) 41 (33-54) 43 (32-58) P=0.96 
A/G ratio 0.86 (0.61—1.31) 0.89 (0.58-1.33) P = 0.006 
Haptoglobin (g/L) 1.5 (0.3-2.5) 0.9 (0.2-2.1) P 0.04 
SAA, milligram per liter (mg/L) 11 (<10-50) 13 (<10-49) P=0.91 


*Values are medians with minimum and maximum values in parentheses. The total number of manatees analyzed for a majority of analytes was 112, 
but lesser numbers were analyzed for total carbon dioxide and anion gap (98), cholesterol, aloumin, globulin, and A/G ratio (86), ALT, AST, and haptoglobin 
(72), and lactate (61). Albumin and total globulins were determined using plasma protein electrophoresis. Data for small calves were not included. P 
values were determined by comparing location and age classes using a two-way ANOVA (analysis of variance) with the Tukey test used for comparison 


of free-ranging and captive animals. 


AG ratio, Albumin/globulin ratio; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; 


GGT, y-glutamyl transferase; SAA, serum amyloid A. 


Table reproduced, by permission of Allen Press, from Harvey JW, Harr KE, Murphy D, et al: Clinical biochemistry in healthy manatees (Trichechus manatus 


latirostris). J Zoo Wild! Med 38:269-279, 2007. 


Environmental Parameters for Facility Sirenia 


Manatee facilities should allow for a range of temperatures from 
26°C (78°F) to 30°C (86°F). Wild individuals do encounter colder 
and warmer temperatures, but these are meant to be tolerated as 
seasonal fluctuations and are not ideal for health. Manatees may 
shiver or become compromised when temperatures drop below 
21°C (70°F). In the winter, springs provide relief from surrounding 
cold water with temperatures around 23°C (73°F), but they are not 
inhabited year round. 

It may be beneficial for manatees to have access to both fresh 
water and water with varying salinity, since it appears that the skin 
exfoliates after shifting between salt water and fresh water, which 
could avoid retained skin with fungal, algal, or bacterial growth. 
Chlorine and ozone, used for water disinfection, have caused corneal 
damage. 


CATEGORIES OF ILLNESS AND INJURY 
Neonatal, Maternally Dependent Calves 


Orphans may present as a result of complications from maternal 
factors, including maternal injury, death, illness, maternal inexperi- 
ence, or disinterest. Environmental changes such as extended or 
severe cold stress may result in calf deterioration, abandonment, and 
death. Calves may suffer from complications related to prematurity, 
inanition, poor adaption, watercraft injury, and infection such as 
omphalitis, which includes hypoglycemia, dehydration, constipa- 
tion, enterocolitis, and pneumatosis intestinalis.*' Congenital defects 
in rescued calves have included ectrodactyly of the pectoral flippers 
digits, atresia ani, and omphalocele or exteriorization of the intestinal 
tract at the umbilicus.” Facility requirements for orphan care include 
24-hour husbandry care, staff trained in feeding techniques that 
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TABLE 45-3 
Agent Use Dosage Comments 
Atipamezole Reversal 1 mg/20 mg xylazine, intravenously (IV) For xylazine reversal™ 
1 mg/2 mg detomidine, IV For detomidine reversal” 
5 mg/1 mg detomidine, intramuscularly (IM) For detomidine reversal 
Butorphanol Sedative, 0.01-0.025 mg/kg, IV In combination with diazepam for mild painful 
analgesic procedures, anesthetic induction; give butorphanol 10 
minutes prior to diazepam” 

0.005-0.01 mg/kg In combination with detomidine for minor surgical 
procedures or anesthetic induction” 

0.0086 mg/kg In combination with detomidine for heavier sedation, 
+/— intubation 

0.04—0.06 mg/kg With midazolam 0.1 mg/kg, IM, for anesthesia induction 
or for short procedures involving fractious individuals 
(Walsh, unpublished data) 

0.1 mg/kg With midazolam 0.1 mg/kg, IM, for anesthesia induction 
in severely fractious individuals, results in very deep 
sedation, use with caution (Walsh, unpublished data) 

Detomidine Sedative 0.005-0.01 mg/kg Moderate sedation; beware of narrow therapeutic index; 
cardiac and blood pressure effects not noted 

0.025-0.005 mg/kg In combination with butorphanol, excellent analgesia and 

muscle relaxation; beware of narrow therapeutic index 

0.0086 mg/kg In combination with butorphanol for heavier sedation, 
+/— intubation?” 

Diazepam Sedative 0.02-0.035 mg/kg, IV For nonpainful diagnostics 

0.01-0.025 mg/kg, IV In combination with butorphanol for mild to moderate 
painful procedure™ 

0.066 mg/kg, IM For tranquilization, lasts 60-90 minutes’ 

Flumazenil Reversal 1 mg/10-20 mg midazolam or diazepam, IV Reversal for midazolam or diazepam™ 

Equal volume as midazolam, IM Reversal for midazolam, may require redosing after long 
procedure” 

Equal volume diazepam, IM Reversal for diazepam’ 

Isoflurane Anesthetic 0.5-5% Similar settings as in domestic animals“ 

Ketoprofen Analgesic 1-2 mg/kg, IM Analgesia for severe abdominal pain 

Authors’ note: Caution in dehydrated animals; side 

effects not well documented in this species (Ray Ball, 
personal communication) 

Lidocaine 2% Analgesic Local infusion to effect Local analgesia 

Meperidine Sedative, Upto 1 mg/kg, IM In combination with midazolam for more painful 

analgesic procedures or anesthetic induction“ 
0.5-1 mg/kg, IM Sedation or analgesia for minor surgical procedures ’ 
Midazolam Sedative 0.02-0.05 mg/kg, IM Mild to moderate sedation ”“ 

0.045 mg/kg, IM Sedation for 60-90 minutes; may also be used in 
conjunction with meperidine for more painful 
procedures or anesthetic induction” 

0.05-0.072 mg/kg Sedation for 20-30 minutes at peak effect for 
endoscopy, freeze branding, or noninvasive 
procedures (Ray Ball, unpublished data) 

0.08 mg/kg Anesthetic induction, intubation’? 

0.1 mg/kg Anesthetic induction, in combination with butorphanol 
(Walsh, unpublished data) 

Naltrexone Reversal 1-2 mg/1 mg butorphanol, IV or IM Reversal for butorphanol 
Equal volume dose, IM Reversal for meperidine 
Xylazine Sedative 0.05-0.1 mg/kg, IM Moderate sedation; beware of narrow therapeutic 


index? 


Xylocaine 196 


Epidural anesthetic 


Dose not noted, epidural 


Used in one case for vertebral fracture surgery” 


Yohimbine 


Reversal 


1 mg/5-10 mg xylazine, IV 
2-3 mg/1 mg detomidine, IV 
IM at the above dosages 


Reversal for xylazine** 
Reversal for detomidine?” 
Reversal for xylazine, detomidine 


Reproduced by permission of Blackwell Publishing, from Chittick EJ, Walsh MT: Sirenians (manatees and dugongs). In West G, Heard D, Cauklett N 
(eds): Zoo and wildlife immobilization and anesthesia., 2008, Blackwell. References modified to fit chapter. 


TABLE 45-4 


Papilloma virus (TMPv) 
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Leptospirosis Toxoplasma gondii Cryptosporidium Morbillivirus Mycobacterium 
mif Tmt" Tmm5 Time Tml'® Tm? 
Tmm* Tmm*?"? Tmi" Tmmö? Tmi"1 

Tmi°° Dd 


= rtrt 
Florida manatee: Tml, Trichechus manatus latirostris. 
Antillean manatee: Tmm, Trichechus manatus manatus. 
Amazonian manatee: Tmi, Trichechus manatus inunguis. 
Dugong: Dd, Dugong dugon. 


emphasize bottle adaption and monitoring, and veterinary staff 
trained in neonatal critical care. Hypoglycemia should be considered 
in any neonatal manatee and therapy started immediately. 


Infectious Disease 


Several authors have described cases and investigations of manatee 
pathology and infectious disease. "12115 Natural parasitic infections 
involving nematodes, cestodes, and trematodes have been well 
described.” Parasite infestations may reach a level of clinical 
concern in emaciated sub-adults. Both nematode and trematode 
infestations have been treated with fenbendazole (10 to 15 mg/kg, 
orally [PO], once) and praziquantel (10 to 20 mg/kg, PO). Detection 
of infectious disease other than those caused by parasites in Sirenia 
has been limited, but some are listed in Table 45-4. 


Intoxication 


Brevetoxin associated with red tide (Karenia brevis), a dinoflagellate 
more commonly found in the Gulf of Mexico, is a common natural 
mortality factor in manatees.’ Clinical signs include neurologic com- 
promise, lethargy, incoordination, and seizures. Serologic tests for 
he K. brevis toxin may confirm red tide intoxication, in addition to 
the presence of increased dinoflagellate counts in water samples. 

Treatment focuses on prevention of drowning. Generally, affected 
manatees are propped up on foam to keep their heads above water 
for 24 to 48 hours and closely observed. Some medications such 
as NSAIDs and atropine have been used. Recovery is generally 
rapid. 


Reproduction 


Female manatees mature between 3 and 5 years, whereas dugongs 
start to mature at 10 years.”””” Facilities should recognize that repro- 
ductive maturation may be more related to biologic size associated 
with available nutrition than to chronologic age, so reproductive 
capability may be variable. Gestation lasts about 12 to 14 months in 
manatees and 13 months in dugongs. Calves nurse from 1 to 2 years, 
which appears to be dependent on individual needs. Reproductive 
complications have included fetal death, abortion secondary to 
rauma and handling in the last trimester, and dystocia. Dystocia 
reatment has included calf extraction under sedation and cesarean 
removal in one individual. Female manatees maintained without 
males may undergo behavioral changes during estrus that include 
spin swimming, isolation, abdominal flexion, decreased appetite, 
and other complications. Fatal myopathy has been diagnosed in 
female manatees presumably associated with exhaustion caused by 
extensive mating pursuit by males. 


HUMAN INTERACTION 


Human interaction includes any human activity that results in injury 
or death and primarily involves watercraft trauma, entanglement in 
fishing gear, ingestion of fishing gear, and gate and dam lock injury. 


Surviving watercraft trauma and entanglement may result in scars 
that are tracked by the Manatee Individual Photo Identification 
System (MIPS) maintained by the U.S. Geological Survey (USGS) 
Sirenia Project in collaboration with the Florida Fish and Wildlife 
Conservation Commission and the Mote Marine Laboratory. 


WATERCRAFT INJURY 


Watercraft injuries are one of the largest categories of reasons for 
rescue and of mortality and may be caused by recreational boats as 
well as commercial platforms, including working barges, tugs, or 
cruise ships. Boat injury may result in a range of abrasions, lacera- 
tions, blunt trauma, or combinations of all three. External skin and 
soft tissue damage may not be indicative of the degree of internal 
damage, but abnormal or asymmetrical buoyancy may indicate the 
anatomic sites involved. 


Blunt Trauma and Pneumothorax 


The presence of external wounds in animals with abnormal buoy- 
ancy is highly suggestive of traumatic pneumothorax. Excessive 
intestinal gas may occur from enterocolitis or constipation and 
mimic the signs of pneumothorax. Radiography is the most common 
diagnostic method, although handling animals with fractured ribs 
may cause further damage. Ultrasonography may detect the presence 
of an extended air pocket but is not definitive. Radiography may 
be followed by tapping the distended chest to drain air or may be 
used without prior diagnostics in cases when diagnostic equipment 
is not available, although caution is advised. CBC count and 
chemistries may be nondiagnostic for the presence of severe inflam- 
mation or infection, but serum amyloid may detect elevated 
inflammation.” 

Severe unilateral pneumothorax associated with large pulmonary 
punctures or tears may require the use of flotation jackets to equalize 
the animal in the water column. This also acts as rib support and 
requires handlers to be cautious with restraint. Flotation jackets may 
assist with stimulating appetite by decreasing anxiety in the anima 
and reduce struggling in the water to right itself to breathe. Some 
manatees may require time to adapt to the jacket application. Mana- 
ees may also be placed in shallow water to facilitate self-righting, 
but this costs energy and effort and may result in angulation of the 
pectoral flippers from constant contact with the pool bottom. 
Therapy for pneumothorax varies widely among clinicians. The chest 
may be tapped with 7.5- to 12.5-cm, 18- to 16-gauge needles to 
reat pneumothorax and to estimate the severity of the leak based 
on refill time after removal of air. Most animals do respond to con- 
servative therapy with tapping of the chest and removal of air once 
a week till resolution. Chest drains have had mixed results, since 
they maintain a lung laceration or puncture in an open position in 
a breath holder. Wound resolution may, in fact, be promoted by 
initially avoiding expansion of a collapsed lung with a tear. Animals 
not responding after 4 to 6 weeks may have a large opening in the 
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lung tissue, which requires further evaluation. Interventional thora- 
coscopy and surgical repair have been attempted, although this is 
still under development and not widely applied. 

Blunt trauma may result in head injury, spinal injury, and abdom- 
inal soft tissue damage, including organ fracture. Spinal damage and 
chronic pyothorax may result in negative buoyancy, although the 
injured animal may learn to partially regain control of buoyancy. 


Propeller Wounds 


Propeller trauma often results in a number of (injuries in) evenly 
spaced parallel lines, ranging from abrasions to deep lacerations. In 
addition to rib transection, propellers may cause massive soft tissue 
loss, including lung exteriorization, tail removal, abdominal compro- 
mise, and immediate death. Animals may present with a mixture of 
propeller lacerations and blunt trauma. 

Wound treatment in rehabilitation may be challenging because 
of wound severity, adaptation times for adequate caloric intake, and 
exposure to fecal contaminants in pools and to resident bacteria. 
Wound care should include visual inspection each day, use of tissue 
disinfectants during the pregranulation phase, proper debridement 
and timing, anti-infective compounds, and bandaging to protect 
wounds and to maintain cleanliness after application. Large adjust- 
able body wraps made of wet suit material work well to cover and 
protect wounds. 


Fishing Gear 


The presence of commercial and recreational fishing gear in manatee 
habitats may result in ingestion of fishing gear, including lines, 
hooks, lures (tackles), and netting material. Ingestion of hooks may 
cause perforation of the GI system, leading to peritonitis and death. 
Hooks have also been found lodged in the caudal pharynx, resulting 
in excessive respiratory noise. Gill nets are illegal in Florida, but 
animals may become entangled in seines, hoop nets, shiner nets, 
and crab pot and fish trap lines.” Floating and sinking lines involve 
polyester, nylon, polypropylene ropes or lead line ropes. Line entan- 
glement is increased in incidence in areas with concentrated fishing 
activity. Studies involving lines and manatee behavior show that 
these animals are curious and that tactile manipulation of the verti- 
cal lines may lead to entanglement.*' In both rope and monofila- 
ment line entanglements, the drag created by the line or attached 
gear promotes embedding of the line and pulls it through tissue, 
including bone, and this complicates surgical removal. In flipper 
entanglements, the axial path left by the line is usually replaced by 
scar tissue. 


Health Assessments 


Additional health information is gathered on wild manatees through 
organized health assessments. These events involve biologists, vet- 
erinarians, and scientists, who gather information on individual and 
population parameters at multiple sites in Florida, Puerto Rico, and 
South America. 
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GENERAL BIOLOGY 


The family Canidae currently includes 35 species of dogs, wolves, 
coyotes, jackals and foxes” (Table 46-1), and a larger number of 
subspecies whose status is under constant revision. All members are 
part of the subfamily Caninae, which is the only extant group of 
three subfamilies in the fossil record of this family. Evidence suggests 
that the Eastern wolf should be considered a distinct wolf species 
(Canis lycaon) that is more closely related to the red wolf (C. rufus) 
than to the gray wolf of which it has been historically considered a 
subspecies (C. lupus lycaon).*'! The most common canid, the domestic 
dog, derived from the gray wolf (C. lupus) through close association 
and interactions with humans approximately 12,000 years ago. The 
dingo and the New Guinea singing dog are considered feral popula- 
tions of domestic dogs that have reverted to a wild status and are 
thus considered subspecies of C. lupus. 

Canidae is one of the most geographically widespread carnivore 
families; at least one wild species is present on each continent, except 
Antarctica. The red fox, which is present on five continents, and the 
gray wolf, present on three, span some of the largest geographic 
ranges of any terrestrial mammal. Canids have diversified to inhabit 
a wide variety of habitat types. Species occur in desert environments, 
savannas, tropical and temperate forests, coastal areas, and arctic 
environments. Individual species range in size from members of the 
Vulpes genus weighing 1 kilogram (kg) or less, to subspecies of the 
gray wolf exceeding 60 kg. Sexual dimorphism occurs in a majority 
of species, and males are typically larger. Some species are solitary, 


some form monogamous or seasonally monogamous pairs, whereas 
others have large, complex packs of multiple generations within a 
social unit. Large packs of some species make formidable and effi- 
cient units capable of preying on larger animals and fending off 
predators. Many smaller canids forage for prey alone, in pairs, or in 
small groups. Some species such as the coyote (C. latrans) exhibit 
extreme social flexibility, being capable of existing as solitary indi- 
viduals, in pairs, or in large complex packs. 

A large proportion of the recognized wild canid species currently 
face the threat of extinction,” and numerous subspecies are at risk 
even when the species may be stable as a whole. Many populations 
have been extirpated from portions of their historic range. Persecu- 
tion by humans, the introduction of diseases from domestic dogs, 
habitat disturbance, and hybridization with domestic or wild canids 
pose significant threats to the continued survival of many species. 
At least one species (the Falkland Island wolf, Dusicyon australis) has 
become extinct within the last 150 years (in 1876) as a result of 
direct human pressure. 


UNIQUE ANATOMIC FEATURES 


Canids exhibit characteristic skull features, including the medial 
position of the internal carotid artery between the entotympanic and 
petrosal arteries, loss of the stapedial artery, and an inflated entotym- 
panic bulla divided by a partial septum. The insertion point of the 
digastric muscle is widened in several canid taxa, forming a suban- 
gular lobe on the horizontal ramus of the mandible, which has been 
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TABLE 46-1 

Latin Name Status / Population Trend 
Common Name (Number of Subspecies) Adult Weight Range (kg) (IUCN Red List)* 
Bat-eared fox Otocyon megalotis (2) 3.2-5.4 Least Concern / Unknown 
Raccoon dog Nyctereutes procyonoides (6) 2.9-12 Least Concern / Stable 
Channel Island fox Urocyon littoralis 1.4—2.5 Critically Endangered / Decreasing 
Gray fox Urocyon cinereoargenteus (16) 2-5.5 Least Concern / Stable 
Arctic fox Alopex lagopus 2.4-5.4 Least Concern/ Stable 
Indian fox Vulpes bengalensis 1.8-3.2 Least Concern / Decreasing 
Blanford”s fox Vulpes cana 0.8-1.5 Least Concern / Unknovvn 
Cape fox Vulpes chama 2-4.2 Least Concern / Stable 
Corsac fox Vulpes corsac 1.6-3.2 Least Concern / Unknown 
Tibetan fox Vulpes ferrilata 3-4.6 Least Concern / Unknown 
Kit fox Vulpes macrotis (8) 1.6-2.7 Least Concern / Decreasing 
Red fox Vulpes vulpes 3.6-8.7 Least Concern / Stable 
Swift fox Vulpes velox 1.6-2.5 Least Concern / Stable 
Ruppell”s fox Vulpes rueppelli 1-2.3 Least Concern / Unknown 
Pale fox Vulpes pallida (5) 2-3.6 Least Concern / Unknown 
Fennec fox Vulpes zerda 0.8-1.9 Least Concern / Unknovvn 
Dhole Cuon alpinus (9-11) 10-20 Endangered / Decreasing 
Side-striped jackal Canis adustus 7.3-12 Least concern / Stable 
Golden jackal Canis aureus 6.5-9.8 Least Concern / Increasing 
Black-backed jackal Canis mesomelas (6) 5.9-12 Least Concern / Stable 
Coyote Canis latrans (19) 7.7-16 Least Concern / Increasing 
Gray wolf Canis lupus (13) 20-60T Least Concern / Stable 
Red wolf Canis rufus 20-35 Critically Endangered / Increasing 
Ethiopian wolf Canis simensis 11-20 Endangered / Decreasing 
African wild dog Lycaon pictus 19-35 Endangered / Decreasing 
Maned wolf Chrysocyon brachyurus 18-32 ear threatened / Unknown 
Bushdog Speothos venaticus 5-8 Threatened / Decreasing 
Short-eared dog Atelocynus microtis 9-10 Near Threatened / Declining 
Culpeo (Andean fox) Pseudalopex culpaeus (6) 4-11 Least Concern / Stable 
Darwin's fox Pseudalopex fulvipes 2-4 Critically Endangered / Decreasing 
Chilla Pseudalopex griseus (4) 2.5-5 Least Concern / Stable 
Pampas fox Pseudalopex gymnocercus (3) 4.2-5.9 Least Concern / Increasing 
Sechuran Desert fox Pseudalopex sechurae 2.6-4.2 Near Threatened / Unknown 
Hoary fox Pseudalopex veturus 2.5-4 Least Concern / Unknown 
Crab-eating fox Cerdocyon thous 5-7 Least Concern / Stable 


“İnternational Union for the Conservation of Nature: /UCN Red List of Threatened Species. Version 2012.2. www.iucnredlist.org. Accessed February 1, 


2013. 
TSignificant size variation occurs between subspecies of Canis lupus. 


Status reflects species as a whole; the status of individual subspecies is at varying risks of extinction, and populations are not stable. 


hypothesized to be a functional adaptation for rapid jaw movement.’ 
The subangular lobe is prominent in foxes with complex molars, 
including the genera Urocyon, Otocyon, and Cerdocyon, and in 
raccoon dogs (Nyctereutes spp.). The dental formula of Canidae is 
incisors (I) 3/3, canines (C) 1/1, premolars (P) 4/4, molars (M) 2/2 
in all but three genera (Speothos, Cuon, and Otocyon). Although not 
unique among carnivores, the maxillary fourth premolar and the 
mandibular first molar of canids are modified to oppose each other 
and maximize the shearing efficiency when biting into prey. The 
modified teeth are termed carnassial or sectorial teeth. 

Specialized lateral nasal glands provide moisture for evaporative 
cooling during panting, which is the primary heat loss mechanism 


in canids. Sweat glands are only present in the footpads and are not 
significant to heat dissipation. Cutaneous muscles may control the 
pelage and serve an important thermoregulatory role. Seasonal molt 
of the pelage of temperate species is an important adaptation to 
coping with temperature extremes. Canids have four digits in each 
of the hindlimbs and five in each of the forelimbs, although the first 
digit may be rudimentary. The African wild dog (Lycaon pictus) is the 
exception, with only four digits on each limb. 

Many of the larger canids are adapted for traveling long distances 
as they forage or chase prey, and during seasonal migrations. These 
species have significant aerobic and anaerobic capabilities for running 
at high speeds over long distances while chasing prey. Canids have 


refined senses of hearing, smell, and vision, which are key to main- 
tenance oÍ complex social systems, communication between conspe- 
cifics, and maintaining territories. Olfactory cues from urine, feces, 
and anal and supracaudal glands have an important role in canid 
social interactions. 

The supracaudal gland, commonly called the tail gland or the 

violet gland because of its production of volatile terpenes similar to 
those produced by flowers in the Violaceae family, is a specialized 
scent gland located on the dorsal surface of the tail. The tail gland 
is located at the level of the seventh to ninth caudal vertebrae and 
is most developed in solitary fox species (such as Artic, red, and 
corsac foxes), less developed in jackals, and absent in African wild 
dogs. ` Powerful hair erector muscles associated with the tail gland 
contract to release a lipoprotein onto the surface of the skin,” which 
plays a role in species and individual recognition. 
The raccoon dog (N. procyonoides) and other species may undergo 
a period of seasonal torpor or hibernation, characterized by decreased 
basal metabolic rates and lower levels of cortisol, insulin, and thyroid 
hormones.” The African wild dog lacks variation at the major his- 
ocompatibility complex (MHC), which is a fundamental component 
of the immune response of all vertebrate species and may be the 
result of population bottlenecks experienced by this species.~* 


SPECIAL HOUSING REQUIREMENTS 


In a family with a broad range of body sizes, occupying all possible 
habitats and maintaining a diversity of social systems, it is nearly 
impossible to standardize the ideal housing requirements for all 
species. Guidelines for captive housing space have been established 
for most canid species by the Association of Zoos and Aquariums.” 
An ideal enclosure takes into account overall holding area, size of 
he social group being housed, reproductive status of the group, and 
complexity of the area to elicit and maintain species-appropriate 
behaviors. The shape of an enclosure must allow animals to fully use 
he space, allow for proper interindividual distances, and provide 
lexibility in managing social groups, whose hierarchy and dynamics 
may change over time. Complex environmental features in enclo- 
sures stimulate the natural display of species-appropriate behaviors 
and likely minimize stress levels. Features in enclosures should allow 
for social species housed in groups to separate themselves, as needed, 
in cases of aggression and for packs to display a healthy behavioral 
repertoire. Gunnite and concrete wall enclosures may create undesir- 
able acoustics that may be disturbing to many canids. Visual barriers 
and natural plantings provide cover and shade and also serve to 
muffle unwanted sounds. 

Enclosures should not have sharp corners, as these may facilitate 
upward propulsion and climbing. Animals running along a fence line 
may reach a corner and may jump upward and fall or do back flips, 
often injuring themselves. Sharp corners may be difficult for indi- 
viduals to maneuver when running and may result in traumatic 
injuries to the skull, face, or neck. Spiral hindlimb fractures occur- 
ring in wolves jumping straight up in a corner and landing on one 
eg have been documented. Additionally, sharp corners may create 
conditions that provide a subordinate or incompatible individual 
with no means of escaping an aggressor. 

Enclosures should incorporate a holding space and additional 
holding areas for temporary holding or transfer. For large canids, 
where single-sex group of two animals or a nonbreeding pair is 
housed, the primary enclosure should be 5000 square feet (465 
square meters [m*]), and an additional 1000 square feet (93 m”) per 
additional animal.” Maned wolves (Chrysocyon brachyurus) in this 
social setting require more space (10,000 square feet 1930 m*]). 
Enclosures housing two large canids or a nonreproductive pair 
should have at least two holding pens of 200 square feet 
(19 m?) each.” 

Large canids housed as a single generation per breeding enclosure 
should have 10,000 square feet (930 m”) and at least three holding 
pens of 200 square feet (19 m”) each.” Enclosures intended to serve 
as multigenerational breeding areas need a minimum of 10,000 
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square feet (930 m?), plus a secondary enclosure of 5000 square feet 
(465 m?) and at least three holding pens of 200 square feet (19 m?) 
each. Enclosures holding groups for potential reintroduction to the 
wild need larger areas (20,000 square feet [1,860 m2]) plus a second- 
ary enclosure of 5000 square feet (465 m?), and at least three holding 
pens of 200 square feet (19 m2) each, and special attention must be 
paid to the management practices and location of the enclosures to 
maintain wild behaviors and avoid imprinting on humans.” 
Minimum space recommendations for small canids vary by 
species and social structure. Primary enclosure areas should be at 
east 6.5 feet (ft.) x 6.5 ft. x 5 ft. tall (2 m x 2 m x 1.5 m) for one 
or two animals, 10 ft. x 10 ft. x 5 ft. tall @ m x 3m x 1.5 m) for 
hree animals, and 13 ft. x 13 ft. x 5 ft. tall (& m x 4 m x 2 m) for 
family groups with up to five offspring. These guidelines are cur- 
rently under revision, but these dimensions should be exceeded, 
whenever possible, and attention paid to the space layout, complex- 
ity, and social needs of the species. Minimum housing guidelines set 
for domestic dogs by the Animal Welfare Act of the U.S. Department 
of Agriculture (USDA), section 3.6(c)(1), are not sufficient for all 
wild canids and should be exceeded. 

Canids are proficient diggers and skilled jumpers. When fences 
are used, fence posts should be buried properly to secure them. 
These “dig barriers” should be 6 to 12 inches underground and 
extend 3 feet toward the center of the enclosure to prevent a prolific 
digger from tunneling under it.” Buried concrete barriers may be 
used underground instead of fencing. Enclosure perimeter barriers 
should be of appropriate height to prevent an animal from jumping 
over, and the top could be angled or covered to discourage animals 
from obtaining footing on the wall and propelling themselves 
upward. A containment height of 8 ft. is recommended for most large 
canids as long as the surface does not allow climbing. 
Many species may tolerate a wide range of ambient temperatures, 
but small canids may be less tolerant of temperature extremes when 
housed outside of their natural climate and require special attention. 
Tropical species such as maned wolves, bushdogs, and African wild 
dogs are less tolerant of cold temperatures compared with temperate 
species of similar size. Species housed outdoors should have access 
to dry den structures and bedding, as well as shelters that individuals 
may choose to use for protection from the wind or rain. A peripar- 
turient dam should have multiple choices of warm and dry whelping 
boxes, and attention should be paid to the breeding season and the 
time of year, as some species will give birth during the colder months 
in temperate areas. 


FEEDING 


The diets of wild canids range from omnivory to strict carnivory, and 
some species consume primarily insectivorous or piscivorous diets. 
Bushdogs (Speothos venaticus), dholes (Cuon alpinus), and African 
wild dogs are highly carnivorous, whereas bat-eared foxes (Otocyon 
megalotis) are almost exclusively insectivorous in the wild. The Ethio- 
pian wolf (Canis simensis) is adapted to a diet that is based almost 
exclusively on rodents, and maned wolves are the most omnivorous 
of the large canids. The proportion of dietary components varies 
seasonally among omnivorous species, depending on prey or plant 
abundance and the breeding season. 

The daily caloric need of a large canid (22-32 kg) has been esti- 
mated at 1300 to 1800 kilocalories (kcal) metabolizable energy (ME) 
per day in a thermoneutral environment under moderate activity. ” 
Caloric needs should be adjusted on the basis of the life stage of the 
animal, activity and thermoregulatory needs, and body condition. 
As a general guideline, the daily ME requirements of adult domestic 
dogs have been estimated at 50 to 65 kcal/kg of body weight, 
approximately 120 kcal/kg for growing puppies, 200 kcal/kg for 
lactating females, and as high as 450 kcal/kg for heavy working dogs. 

Canid diets typically contain 20% to 28% protein, 5% to 18% 
fat, and 2% to 4% crude fiber.” This formula is derived from domes- 
tic dog requirements. Although it is recognized that species-specific 
differences exist with regard to some of these needs, objective 
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information is lacking for most species’ needs. Canine diets based 
on raw meat are commercially available and form the basis of captive 
diets for some species, whereas others may be maintained on dry 
kibble. Dietary intolerance manifested by gastrointestinal (GI) dis- 
urbances, skin reactions, poor pelage, and cachexia have been 
reported in individuals that are maintained on cereal-based or highly 
processed grain diets. Omnivorous canids probably require high 
amounts of dietary fiber and may benefit from the addition of natural 
fiber sources to their diet, including produce and fruit. 

Whole prey items (rodents, rabbits, chickens) or partial carcasses 
(bones, ox tails, legs, deer) are used to supplement captive diets, but 
hey must be taken into account when calculating overall dietary 
needs and should not be offered to the degree whereby they offset a 
balanced diet. Feeding whole or partial carcasses of wild or domestic 
ungulates often is used to stimulate pack behaviors and for social 
enrichment. Caution should be exercised to ensure that the carcasses 
are fresh, free of parasitic or other diseases, and harvested by using 
methods that do not contain harmful substances (such as lead shot, 
euthanasia solution, nonsteroidal anti-inflammatory drugs [NSAIDs], 
or toxins). Additional caution should be exercised in areas where 
prion diseases (such as bovine spongiform encephalopathy [BSE] or 
chronic wasting disease [CWD]) are present, since carnivore species 
may be susceptible to prion-associated neurologic disease. The 
USDA Animal Welfare Act (Section 13, 9 CFR, Subsection F Section 
3.129) specifically discourages feeding roadkill to large felids but 
outlines guidelines for proper handling if it must be fed. The same 
guidelines are applicable to canids. If whole carcasses are fed to 
animals intended for reintroduction, only carcasses from natural prey 
species should be offered, and domestic animal carcasses should 
never be offered, as canids will likely learn to recognize the species 
offered as possible prey items.” 

It has been suggested that the maned wolf has lower animal 
protein needs compared with other canids.” Scat studies of wild 
maned wolves suggest that plant material may account for 50% of 
their diet, with small mammals, insects, and birds accounting for the 
rest.” Taurine levels should be monitored in captive maned wolves, 
and supplementation may be necessary on an individual basis.° A 
soy-based pelleted diet has been commercially developed specifically 
for captive maned wolves, and preliminary results of experimental 
feeding show improved fecal consistency and body condition scores. 


RESTRAINT AND HANDLING 


Small canids may be restrained manually or with the use of nets. 
The use of leather gloves is recommended, but these do not provide 
ull protection against significant bite injuries to a handler. A towel 
may be used to temporarily immobilize a small canid, and the 
head may be restrained through the towel by placing a hand 
behind the head while supporting the body with the other hand. 
Muzzles designed for domestic dogs may be used for handler protec- 
tion when handling, and soft cloth rope or cotton roll gauze may be 
used as an impromptu muzzle. Muzzles must be monitored so that 
placement allows for normal breathing and avoidance of hyperther- 
mia and should only be used for short periods. Canids may be 
conditioned for restraint in squeeze cages, and relatively simple 
ones may be designed and built if none is commercially available. 
Animals also may be trained for voluntary restraint and to accept 
injections. 

Hyperthermia is a common phenomenon seen in restrained 
canids, and body temperatures reaching or exceeding 40°C (104° P) 
warrant intervention. Persistent or prolonged hyperthermia may 
have a fatal outcome and has been documented in some species, 
notably dholes. Treatment with intravenous cool fluids and external 
cooling is warranted to combat hyperthermia, but this should be 
done slowly and while continuing to monitor body temperature. 
Sedatives are indicated in the management of stress-related hyper- 
thermia. Some canids are prone to developing exertional myopathies 
after prolonged restraint, and if the clinician suspects it, supportive 
treatment should be instituted immediately. 


FIGURE 46-1 Physical restraint of an adult male Mexican gray 
wolf (Canis lupus baileyi). The individual has been prompted to enter 
a wooden den box with a hinged top. A restraint pole has been placed 
on the neck and a towel has been placed over the head while two 
“Y"-shaped padded poles are placed over the shoulders and hips to 
prevent the animal from rolling, jumping, or backing up. This mode of 
restraint provides safe access for limited examinations and perform- 
ing minor medical procedures. (Photo courtesy of Luis R Padilla, 
Endangered Wolf Center, Eureka, MO.) 


Maned wolves may be physically restrained.'? Confined gray 
wolves and red wolves may be physically restrained by experienced 
crews by using “catch” poles and “Y”-shaped padded poles. A team 
of people may enter an enclosure and exploit these species’ typical 
aversion to humans, forming a line and funneling the animal into 
either a corner of an enclosure or a den box. When approached, the 
animals will often cower, allowing for restraint with a catch pole 
placed loosely around the neck. Rigid but padded “Y”-shaped poles 
may be gently, but firmly, placed over the hips and shoulders to 
prevent an animal from jumping back or rolling while restrained by 
the catch pole (Figure 46-1). This type of restraint may be used for 
limited examinations, ultrasonography, blood collection, vaccina- 
tion, or administration of intravenous injections. This technique is 
less effective and potentially dangerous when attempting to restrain 
hand-raised animals and individuals that have no aversion to 
humans, as they may resist restraint or attempt to attack when cor- 
nered and is not recommended for other large canid species (such 
as African wild dogs). Chemical restraint is recommended for pro- 
longed or invasive procedures involving most large canids. 

Trapping is a tool used for the management, relocation, and study 
of wild canid populations. Box traps have been successfully used for 
trapping wild canids and are considered more humane and less 
stressful than other alternatives” but are less effective for capturing 
the majority of wild canid species. Foothold traps (metal “jaw” traps 
and cable “noose” restraint devices)’ are used to capture wild canids, 
specifically wolves, foxes, and dholes, although their use has been 
outlawed in some countries. Traps should be properly padded and 
inspected to ensure proper functioning and minimal risk to the 
animal. Every consideration should be made for humane usage and 
exclusion of nontarget species. Foothold traps may cause injuries to 
the feet, legs and teeth,” and individuals may develop hyperthermia 
or myopathy if restraint is prolonged. When initially restrained, 
some animals may actively dig and pull against the trap and may 
self-mutilate in trying to escape. If multiple traps are set within a 
short distance, an animal may be caught in more than one trap, or 
the mechanism may close around nontarget body parts as the animal 
rolls, pulls, and tries to escape from the primary restraint. The use 
of remote monitoring devices (e.g., motion sensors, cameras, and 
remote alarms that link to personal communication devices) has 
greatly improved the ability to minimize restraint time, and their use 
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TABLE 46-2 


Species Suggested Combination 


Arctic fox (Alopex lagopus) Ketamine (2.5 mg/kg), Medetomidine (0.05 mg/kg) IM° 
Tiletamine-zolazepam (10 mg/kg) IM° 

Ketamine (1.8-2.4 mg/kg), medetomidine (0.09-0.11 mg/kg) IM'° 
Medetomidine (0.07-0.1 mg/kg), midazolam (0.39-0.55 mg/kg) IM'° 
Ketamine (4 mg/kg), xylazine (2 mg/kg) IM° 

Ketamine (3-4 mg/kg), medetomidine (0.04-0.07 mg/kg) IM 

Telazol (10-11 mg/kg) IM” 
Ketamine (3-4 mg/kg), medetomidine (0.06-0.08 mg/kg) IM° 

Medetomidine (0.04 mg/kg), butorphanol (0.4 mg/kg), ketamine (1 mg/kg) IM 
Ketamine (5-10 mg/kg), midazolam (0.1-0.4 mg/kg) IV (after manual restraint) 
Ketamine (4-10 mg/kg), xylazine (1-3 mg/kg) IM° 


Golden jackals (Canis aureus) 


Coyotes (Canis latrans) 


Gray wolves (Canis lupus) 


Telazol (10-13 mg/kg) IM (for helicopter captures)° 


Red wolves (Canis rufus) 


Ketamine (2 mg/kg), medetomidine (0.02 mg/kg), butorphanol (0.2 mg/kg) IM6 


Medetomidine (0.04 mg/kg), butorphanol (0.4 mg/kg) IM, supplement with IV diazepam (0.2 mg/kg) or 


ketamine (1 mg/kg)” 
Telazol (5-10 mg/kg) IM” 


Ethiopian vvolves (Canis simensis) Telazol (2-7 mg/kg) IM 


Maned wolf (Canis brachyurus) 


Medetomidine (0.04 mg/kg), butorphanol (0.4 mg/kg) IM 


Dexmedetomidine (0.02 mg/kg), butorphanol (0.4 mg/kg) IM 
Ketamine (2.5 mg/kg), medetomidine (0.08 mg/kg) IM“ 
Ketamine (6-9 mg/kg), xylazine (0.5-2 mg/kg) IM 


Telazol (3-5 mg/kg)”° 


Dhole (Canis alpinus) 


African wild dog (Lycaon pictus) 


Telazol (2 mg/kg), ketamine (2 mg/kg) 

Telazol (4 mg/kg) "to (10 mg/kg)° IM 

Medetomidine (0.04-0.06 mg/kg), butorphanol (0.18-0.3 mg/kg), midazolam (0.18-0.4 mg/kg) IM" 
Ketamine (1.5 mg/kg)'® to (5 mg/kg)”, medetomidine (0.04 mg/kg)'® to 0.1 mg/kg)° IM 

Telazol (1-4 mg/kg) IM (wild animals may be more sensitive)“ 


Chilla (Pseudalopex griseus) 


Telazol (1.6-8 mg/kg) IM" 


Ketamine (2.5-3.1 mg/kg), medetomidine (0.05-0.06 mg/kg) IM" 
Ketamine (9.3-17.7 mg/kg), xylazine (1.2-2.0 mg/kg) IM" 


Bushdog (Speothos venaticus) 


Telazol (10 mg/kg) IM 


Ketamine (5 mg/kg), medetomidine (0.05 mg/kg) IM’ 
Telazol (3 mg/kg), ketamine (3 mg/kg) IM’ 


Red fox (Vulpes vulpes) 


Telazol (4-10 mg/kg) IM 


Ketamine (4 mg/kg), medetomidine (0.02 mg/kg), butorphanol (0.04 mg/kg) IM“ 
Ketamine (25-30 mg/kg), midazolam (0.6 mg/kg) IM”? 


Note: Medetomidine and dexmedetomidine should be antagonized with atipamezole. Xylazine may be antagonized with yohimbine or atipamezole. 


is reccommended.” The use of tranquilizer trap devices has been 
considered for the capture of some canid species.” 

A large number of anesthetic protocols have been used for the 
chemical restraint of canid species. "71:19:192556 Table 46-2 summa- 
rizes some species-specific suggested anesthetic protocols, but 
readers should consult a more thorough source ° for specific consid- 
erations. In addition, some of these protocols have been used exten- 
sively in other canid species despite lack of documentation in the 
peer-reviewed literature, and clinicians should use a solid under- 
standing of drug mechanisms and sound judgment to extrapolate 
and use in appropriate situations. 

Small canids may be anesthetized with gas anesthetic agents 
after restraint by hand or confinement in an anesthetic chamber. 
An injectable tiletamine—zolazepam combination is often used for 
canid anesthesia because of a relatively wide safety margin, although 
dose-dependent, prolonged, and rough recoveries are common. 
Combinations of ketamine with an 0-adrenergic agonist (xylazine, 
medetomidine, or dexmedetomidine) have the advantage of revers- 
ibility despite concerns with spontaneous arousals and hypertension 


in many individuals. Variations on combinations of 0,-adrenergic 
agonists, opioids, and benzodiazepines provide deep sedation and 
immobilization and reversibility in most species, although anesthetic 
induction times may be longer than those seen with ketamine-based 
combinations. 


SURGERY 


Common surgical problems in nondomestic canids include the 
repair of lacerations or traumatic wounds, including wounds to 
he tongue, cheek, or teeth, and orthopedic injuries. Dehiscence of 
he body wall has been frequently seen after abdominal surgeries 
in wild canids, and some species will subsequently cannibalize 
their own internal organs. Good surgical technique, proper pain 
management, and postoperative restrictions will limit automutilation 
of the surgical site. Social species such as bushdogs and wild dogs 
may be particularly challenging, as isolation often leads to increased 
pacing and activity, and an animal isolated for prolonged periods 
may not be allowed back into a social group. Alternatively, 
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TABLE 46-3 
ologic P 
Gray Wolf 


Crab-Eating Fox 


Maned Wolf African Wild Dog Arctic Fox 
Parameter (C. lupus)" (C. brachyurus)" (L. pictus)" (A. lagopus)'° (C. thous)" 
Erythrocytes (x 10°/uL) 5.72-8.36 4.47-6.37 6.84-8.86 7.7-10.1 3.05-6.08 
PCV (96) 39.7-56.5 34.3-47.5 38.5-48.7 41.7-54.3 28-53 
Hemoglobin (g/dL) 13.3-19.7 11.3-15.9 14.4-17.2 13.7-17.3 10-18.1 
MCV (fL) 63.4-78 68.4—83.2 50.8-60.8 49.4-57.8 79.1-100 
MCH (pg) 22-27 23.2-28.2 17.5-21.7 16-19.6 26.0-34.9 
MCHC (g/dL) 30.5-37.3 31.1-36.1 32.8-37.2 29.6-35.6 30.2-38.5 
Leukocytes (/ uL) 6,546-12,868 6,580-14,360 7,340-14,480 3,170-9,350 3,400-23,200 
Neutrophils (/ uL) 4353-9719 3669-10,481 5334-11,262 1035-5333 1,460-12,990 
Banded neutrophils (/ uL) 0-198 0-395 0-288 0-266 0-700 
Lymphocytes (/ uL) 737-2403 1029-3343 570-2724 665-3849 210-3,990 
Eosinophils (/ uL) 0-661 0-617 0-658 0-628 270-3,940 
Monocytes (/ uL) 0-468 0-334 0-462 0-248 40-2,550 
Basophils (/ uL) 0-55 0-79 0-99 0-194 0-520 
Platelets (x 105/ wL) 166-336 145-285 254-626 225-467 * 


*Low value of range published likely not normal based on published average of 233.27 +/— 112.63 x 10°/ul. 
fL, Femtoliters; g/dL, gram per deciliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpus- 


cular volume; PCV, packed cell volume; pg, picogram. 


reintegration into a social group too soon after a surgical procedure 
may lead to excessive grooming, licking, or biting at the incision site 
by conspecifics. 

A simple interrupted pattern is the preferred method of abdomi- 
nal wall closure for most wild canid species. ” A simple continuous 
pattern has been advocated as a dependable, time-efficient method 
of closure of the rectus sheath in domestic dogs with no difference 
in complications when compared with a simple interrupted pattern,” 
but simple continuous closure of the body wall is not the preferred 
method in nondomestic canids because of concerns about rapid 
dehiscence if a knot fails or is chewed at by an individual. Subcu- 
ticular skin closure will discourage the grooming or scratching of 
external sutures. 

Cystotomy may be necessary for removal of stones in maned 
wolves affected by cystinuria, a relatively common condition in this 
species. In these cases, medical management must accompany surgi- 
cal intervention, as they are likely to recur. Urethral obstruction may 
be a life-threatening condition, and the management of these cases 
may require perineal urethrostomies when medical management is 
not sufficient. Marsupialization of the bladder to the ventral body 
wall has been used to establish patency and drainage in cases of 
extreme, repeated urinary tract obstruction, but this approach only 
should be used as a last resort. Risks may be life threatening and 
include repeated urinary tract infections, dermatitis, and urine scald- 
ing at the stoma site, dehiscence and detachment of the bladder from 
the body wall, and possible peritonitis. 

Gastric dilatation with volvulus (GDV) and gastric dilatation 
(GD) without volvulus have been documented in deep-chested 
canids such as maned, red, and gray wolves. GDV is an acute, life- 
threatening condition and often is recognized on postmortem exami- 
nation following unexpected and sudden death. The antemortem 
diagnosis of GDV and GD is made on the basis of clinical signs and 
appearance and confirmed by radiography. The predisposing factors 
in these species are unknown, but the same risk factors as in domes- 
tic dogs have been considered, including the protein source of the 
diet, the kibble size, the amount of food offered, and the individuals 
age. Feeding an animal shortly after an anesthetic event has been 
anecdotally linked to GDV. Prompt recognition is vital to survival, 
and surgical intervention is the only way to correct GDV. 


Ovariohysterectomies and castrations are performed for manage- 
ment and contraceptive reasons and for managing reproductive dis- 
orders, including pyometra and reproductive tract neoplasms. A 
reversible vasectomy technique has been documented in bushdogs, 
and the technique is applicable to other canid species.’ 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


The domestic dog is an appropriate model for the physical examina- 
tion of all canid species. Baseline clinical parameters are similar to 
those of the domestic dog, although species-specific ranges are avail- 
able for many species (Tables 46-3 and 46-4).152555 


DISEASE 
Infectious Disease 


Canids are susceptible to all diseases of domestic dogs, and special 
attention is given in this chapter to those of particular importance. 
Three viral diseases are of outmost importance because of their 
impact on wild canid populations: rabies, canine distemper, and 
canine parvovirus. 

Rabies is a zoonotic disease caused by a lyssavirus in the Rhab- 
dovirus family. Domestic and wild canid species are geographic 
reservoirs that maintain species-associated strains that may affect all 
mammalian species. The distinction between domestic and wild 
canid rabies may be blurred in areas where domestic canid strains 
are present but may be maintained by wild canid populations.” For 
instance, a domestic dog strain of rabies has been transmitted by 
coyotes in south Texas (United States) and Mexico.’ Rabies has been 
a continued epizootic threat to the survival of the Ethiopian wolf" 
and the African wild dog, ” and many other canid populations are 
at risk, specifically following the introduction or spread of domestic 
dog strains.” Jackals often are affected by canine rabies in Africa,” 
but jackals are capable of maintaining rabies cycles independently 
of domestic dogs.” Fluctuations in populations of fox species and 
raccoon dogs may be attributed to rabies epizootics, even though 
these species are reservoir hosts for specific strains throughout their 
range. Oral vaccination of wildlife using recombinant vaccines has 
been an effective rabies control strategy in certain parts of the world, 
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Gray Wolf Maned Wolf African Wild Dog Arctic Fox Crab-Eating Fox 
Parameter (C. lupus)° (C. brachyurus) (L. pictus)° (A. lagopus)° (C. thous)” 
Total protein (g/dL) 5.5-6.9 5.4-7.0 5.5-6.5 5.7—7.1 4.6-9.4 
Albumin (g/dL) 3.0-3.8 2.7-3.5 2.8-3.6 3.0-3.8 2-6.2 
Globulin (g/dL) 2.1-3.3 2.4-3.8 2.5-3.3 2.3-3.9 1.9-7.5 
Calcium (mg/dL) 9.2-10.8 9.1-10.5 9.3-10.9 8.3-11.1 
Phosphorus (mg/dL) 2.2-5.4 3.3-8.5 2.6-6.4 2.1-5.1 
Sodium (mEq/L) 144-154 141-149 144-152 144-154 
Potassium (mEq/L) 4.1-5.1 4.3-5.3 3.9-4.7 4.1-5.3 
Chloride (mEq/L) 112-120 110-118 112-120 108-118 
Creatinine (mg/dL) 0.7-1.7 0.9-1.7 0.9-1.5 0.7-1.1 0.5-1.5 
Urea nitrogen (mg/dL) 14-32 14-32 15-33 7-39 22-87 
Cholesterol (mg/dL) 118-248 203-571 199-311 151-223 
Glucose (mg/dL) 91-157 90-140 113-181 109-189 
g/dL, Gram per deciliter; mEq/L, milliequivalent per liter; mg/dL, milligram per deciliter. 


and individuals under human care often are immunized with inject- 
able killed rabies vaccine products. 

Canine distemper virus (CDV) poses a worldwide threat to canid 
populations. Natural epizootics occur in wild populations, but the 
periodic introduction and maintenance of this virus in domestic dogs 
poses a threat to endangered species such as African wild dogs and 
Ethiopian vvolves.””” CDV infection has occurred in African wild 
dogs despite vaccination.” Vaccine-induced CDV infection has 
occurred or been suspected following the use of modified-live vac- 
cines in canid species, including gray foxes (Urocyon cinereoargen- 
teus), ' African wild dogs,’ and bushdogs.”” 

Canine parvovirus is very common in serosurveys of wild canid 
populations and is a likely factor in juvenile mortality in some 
species. Parvovirus has caused significant morbidity and mortality 
in captive animals, with notable cases in bushdogs.'’ Vaccination 
using modified live vaccines has raised concerns about causing 
disease in some species and is not recommended for vaccination of 
maned wolf pups until protective titers are present after using a killed 
parvovirus vaccine.’ 
Canine adenovirus causes hepatitis in domestic dogs and may 
affect all canid species. In some species, the disease has a clinical 
presentation similar to that of canine distemper and has been 
dubbed “fox encephalitis” because of the predominance of neuro- 
ogic signs. 

All bacterial diseases of domestic dogs may affect their nondo- 
mestic counterparts. Brucellosis and leptospirosis have been of 
concern in certain coyote populations, and numerous strains of 
eptospira organisms have been suspected in individual infections. 
Serosurveys of coyote and swift fox (Vulpes velox) populations within 
he geographic range of Yersinia pestis (plague) have suggested that 
infection is common within the endemic range and may play a role 
in the epidemiology of their disease by carrying flea vectors. 

Neorickettsia helminthoeca is a rickettsial organism that causes 
salmon poisoning in canids. The organism is transmitted by Nano- 
phyetus salmincola, an intestinal fluke of canids in the northwestern 
United States and southwestern Canada. ” Canids become infected 
by ingesting fish or amphibians with encysted metacercariae, 
although the flukes themselves do not cause clinical disease. Ana- 
plasma phagocytophilum has been reported as the cause of acute 
respiratory disease, lethargy, and neurologic signs in captive maned 
wolves at one facility in Virginia (eastern United States), although 
seroprevalence in that population suggests that infection is also pos- 
sible without overt clinical signs.” 


All known parasitic diseases of domestic dogs are likely to affec 
wild canids within a certain geographic range. Giardia, Cryptospo- 
ridium, Eimeria, and Isospora are often seen in nondomestic canids; 
clinical signs are similar to those seen in domestic dogs and are most 
significant in juveniles. Babesiosis has been reported in maned 
wolves in the United States’! and in South America.” 

Roundworms, hookworms, and whipworms affect all canids and 
are suspected to be pathogenic in pups, but clinical disease is often 
absent in adults. Dirofilaria immitis (the cause of heartworm disease) 
may affect all canid species, although it has been suspected that other 
parasites may cause cardiac infections. Cardiac ultrasonography 
detected adult nematodes, suggesting the presence of heartworms in 
he right pulmonary arteries of two maned wolves that had been 
prophylactically treated with ivermectin (0.2 mg/kg, orally [PO], 
monthly) for 2 years prior to detection. Neither wolf showed signs 
of clinical infection, and blood-based screening tests had been nega- 
ive for both animals. ” Trichinosis has been diagnosed in wild Arctic 
foxes (Alopex lagopus), and infection is often attributed to feeding on 
polar bear carcasses. 

Spirocerca lupi is a parasite of canids that may be found in the 

gastric, esophageal, or aortic wall and usually requires a copropha- 
gous arthropod as an intermediate host, but many species may serve 
as paratenic hosts. Aortic aneurysms and acute death have been 
associated with parasitism by S. lupi in bushdogs” and wild coyotes, 
and may occur in other canids. 
Nematodes from the respiratory tract (Angiostrongylus vasorum, 
Eucoleus aerophilus, Crenosoma vulpis) commonly affect wild 
canids.”””” The renal parasite Dioctophyma renale has been docu- 
mented in maned wolves, bushdogs, raccoon dogs, coyotes, jackals, 
red and gray wolves, and foxes. ” The intermediate host is an aquatic 
oligochete, although canids get infected when consuming piscean, 
amphibian, or invertebrate paratenic hosts in the endemic geo- 
graphic areas. The adult vvorms usually are found in the right kidney, 
which often becomes nonfunctional. Diagnosis may be made by 
ultrasonography or by the presence of ova shed in the urine. 

Hepatozoonosis affects coyotes in North America, but recent 
studies suggest that a great diversity of Hepatozoon species occur 
throughout the range.” Encephalitozoonosis is an important disease 
affecting wild and farmed foxes worldwide and has been reported in 
African wild dog pups.” 

Wild canids are reservoirs for two genera of cestodes (Taenia and 
Echinococcus), which are significant zoonotic parasites and a risk to 
other mammalian species. ” Clinical disease is rare in the canid hosts, 
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but the eggs are shed in canid feces and ingested by an intermediate 
or aberrant host where clinical signs may occur. Three Echinoccoccus 
species (E. granulosus, E. multilocularis, and E. vogeli) maintain their 
cycles through a definite canid host and its herbivorous prey (rodents, 
rabbits, sheep, goats, deer, camels, macropods). Dipylidium caninum 
may affect wild canid species, and transmission usually occurs by 
ingestion of fleas.'® 

Pancreatic flukes (Eurytrema procyonis) have been documented in 
maned wolves in the Midwestern United States” and in foxes 
throughout the United States. Clinical signs are associated with mal- 
digestion and include weight loss and poorly formed stools. 

Many ectoparasites (fleas, ticks, chiggers, and lice) are known to 
affect canids. They may be a significant cause of anemia in juveniles 
and neonates and may serve as vectors of tick-borne diseases (ana- 
plasmosis, babesiosis, ehrlichiosis, borreliosis). 


Noninfectious Diseases 


Inflammatory bowel disease (IBD) is a common cause of chronic GI 
disease (vomiting and diarrhea), weight loss, poor pelage, and overall 
malaise in several large canid species (notably maned wolves and 
gray wolves). Hypoproteinemia, specifically hypoalbuminemia, is a 
significant component of the disease, often leading to ascites. Pro- 
ound hypoalbuminemia and ascites are poor prognostic indicators. 
IBD is an inflammatory cell infiltration of the lamina propria (typi- 
cally lymphocytes, plasma cells, eosinophils, macrophages, and neu- 
rophils), but the predominance of each cell type may correspond to 
slightly different disease characterization, prognosis, and treatment 
needs. The term “IBD” should never be used to characterize clinical 
signs, as these are shared with other conditions. Differential diagno- 
ses include other malabsorption diseases, pancreatic disease (exo- 
crine insufficiency), parasitic and infectious diseases (viruses and 
bacterial overgrowth), enterocolitis, dietary intolerance, and neoplas- 
ic disease. IBD is not synonymous with dietary intolerance or a food 
allergy to a dietary component. 

The etiology of IBD is typically unknown but is believed to 
involve impaired immunoregulation in the response of gut-associated 
ymphoid tissue to antigenic stimuli. Bacteria in the gut lumen and 
parasitic or dietary agents may serve as antigenic initiators to an 
excessive, chronic gut immune inflammatory response. A presump- 
ive diagnosis of IBD often is made on the basis of clinical signs after 
excluding other differential diagnoses, but a confirmatory diagnosis 
requires gut biopsies. Primary treatment modalities mimic those 
used in IBD in domestic dogs and require supportive care based on 
he severity of signs and clinical pathology findings. Immunomodu- 
ation (either through corticosteroids, immunosuppressive agents, or 
sulfasalazine), dietary modification (hypoallergenic diets, easily 
digestible diets), antibiotics (to decrease bacterial overgrowth), and 
supportive care (fluids, possibly colloids in cases of hypoprotein- 
emia) are the main components of therapy. Supplementation of 
cobalamine and folate may be beneficial. 

Cystinuria is a prevalent condition in maned wolves, both in 
human care and in the wild, and may have a genetic basis. ” Cystin- 
uria is often subclinical,’” but the precipitation of calculi in the 
urinary tract may have life-threatening consequences if urinary 
obstructions occur. Obstructions are more likely to occur in males 
(because of the size and length of the urethra) than in females, 
although cystinuria occurs equally in both sexes. The persistence of 
cystine crystals in the urinary tract may predispose to urinary tract 
infections. Long-term (likely lifelong) medical therapy is essential to 
managing cystinuria. Surgery is indicated in cases of urethral obstruc- 
ions that cannot be relieved or when large calculi (stones) are 
present. Medical therapy is aimed at affecting the solubility of cystine 
o prevent crystal precipitation and stone formation and reducing 
he concentration of cystine in the urine. Urine alkalinization has 
been a mainstay of medical management, as urine pH affects the 
solubility of cystine. Potassium citrate is the preferred urine alkalini- 
zation agent. Sodium bicarbonate has been used as a urinary alka- 
inization agent, but it is not preferred, since sodium intake increases 
cystine excretion. Dietary manipulation, specifically decreasing 


sodium intake and reducing protein from animal sources (which are 
higher in sulfur-containing amino acids), is a theoretical means to 
reducing cystinuria but has not been systemically tested in maned 
wolves. Tiopronin has been used as a pharmacologic means of modi- 
fying the cystine molecule into a more soluble form in domestic 
dogs” and has shown some success in maned wolves despite the 
high cost, low availability in the United States, and potential side 
effects with long-term use. Other thiol-based agents such as 
D-penicillamine have been used with some success in maned wolves 
with cystinuria. Close monitoring of maned wolves for stranguria is 
an essential part of the routine care of this species. 

Pododermatitis may cause significant morbidity in canids” and 
is an important disease in neonates. Because of their predisposition 
to dig, many canids suffer traumatic lesions to their pads, including 
abrasions, pad or nail avulsions, and lacerations. Wounds may 
become infected, often leading to pododermatitis. Neonates housed 
on rough surfaces or den boxes may dig or repeatedly push aside 
bedding material, leading to lesions that often get infected because 
of the limited mobility of the neonates. Staphylococcus spp. and gram- 
negative bacteria often invade pododermatitic lesions and likely 
reflect contamination from the adjacent skin or of enteric origin. 
Interdigital dermatitis and edema have been seen in maned wolves, 
Mexican gray wolves, fennec foxes (Vulpes zerda), and other species. 
Although the etiology is unknown, tissues between the digits and 
pads on the plantar surface become erythematous, abraded, and 
moist. Some of these lesions may be the result of excessive moisture 
eading to dermatitis and resolve with appropriate disinfection and 
oral antimicrobials. In some instances, biopsy of nonhealing lesions 
has been suggestive of an auto-immune component and has 
responded to treatment with oral prednisone in addition to 
antibiotics. 

A few cases of progressive retinal atrophy have been documented 
in red and gray wolves.” Gingival hyperplasia (proliferative gingivi- 
is) may occur as a result of chronic gingivitis and dental disease and 
has been documented in maned wolves of all ages. A genetic predis- 
position is also possible. 

Prolonged, cyclic exposure to endogenous steroids associated 
with the obligate hormonal pseudopregnancy that follows ovulation 
in female canids has been associated with uterine pathology, includ- 
ing the cystic endometrial hyperplasia-pyometra complex. Progres- 
sive uterine growth, infertility, infections, neoplasms, and mammary 
proliferation have been linked to the use of steroid contraceptives 
and are not recommended for long-term contraception. Specifically, 
he use of melengestrol acetate implants for contraception has been 
associated with endometrial hyperplasia, hydrometra, fibrosis, ade- 
nomyosis, and uterine mineralization.”” 

Although all canids are predisposed to the same neoplasms as 
their domestic canine counterparts, cranial, oral, or facial squamous 
cell carcinomas seem to be disproportionately common in Mexican 
gray wolves (Canis lupus baileyi). Dysgerminomas have been often 
reported in maned wolves." 


REPRODUCTION 


The reproductive system of canids is unique among mammals. Most 
canids exhibit monogamy, exceptionally long proestrous and dies- 
trous phases, a copulatory lock, behavioral suppression of mating in 
the subordinate young within a social group, and obligate pseudo- 
pregnancy in subordinate females.’ Most wild canids are seasonal 
breeders, but notable exceptions exist in the small or tropical canids 
such as bushdogs, in which the females do not have a rigid, single 
breeding eycle.” Some species may naturally exhibit seasonality in 
the wild, but not in captivity, and the seasonality of tropical species 
may be dependent on prey cycles, which follow seasonal rainfall.* 
Mounting evidence suggests that some species, notably the smaller 
canid species, likely have induced estrus cycles.’ The copulatory lock 
is an important mechanism in canid mating behavior, and it may be 
extremely prolonged in some species such as the fennec fox, with a 
mean duration of almost 2 hours.” 
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Pseudopregnancy is the term used to refer to the prolonged 


TABLE 47 luteal phase following ovulation in canids, which often may be as 
long as pregnancy. In a pack setting, the hormonal changes associ- 
: . ated with pseudopregnancy likely prepare subordinate females to 
: Reproductive Gestation š : assist in the communal rearing of ofİspring, and some females may 
Species Cycle (days) Litter Size even lactate Table 46-5 summarizes the reproductive features of 
Bat-eared fox onestrus 60-70 2-6 select species. 
(Otocyon 
megalotis) PREVENTIVE MEDICINE 
"46507 -—— 30:39 - Preventive medicine guidelines for captive canids may follow the 
(Vulpes zerda) : ae : Bə : 
same basic principles of domestic dog medicine, and no single pro- 
Bushdog onestrus or 65-70 1-6 tocol is likely to be applicable to all situations. Standardized quar- 
(Speothos polyestrus antine guidelines have been established for large canids.” Routine 
venaticus) prophylaxis against Dirofilaria immitis (heartworm) should be con- 
Maned vvolf onestrus 63-67 2-5 sidered mandatory in all endemic areas vvhere canids are managed. 
(Canis brachyurus) Routine prevention against ectoparasites is recommended, and most 
Dhole onestrus, 60-62 9-7 commercially available products used for tick and flea management 
(C. alpinus) possibly in domestic dogs may be used in wild species of canids. 
seasonally Vaccination protocols (Table 46-6) must be designed on the basis 
polyestrus of diseases present in the geographic location and the risk of expo- 
African wild do = = sure. Rabies, canine distemper, and parvovirus are the “core” diseases 
g onestrus 69-72 2-20 N . : i : : 
i allecting canids and deserve special consideration when developing 
(Lycaon pictus) 0 : : : 
vaccination protocols. Multivalent vaccines have been used in many 
Red wolf Monestrus 60-63 4-5 canid species without adverse effects and are widely available com- 
(C. rufus) mercially, but some veterinarians prefer to use monovalent products 
Coyote Monestrus 60-63 1-18 to minimize the risk of possible effects. Modified-live vaccines must 
(C. latrans) be used with caution, as vaccine-induced diseases (distemper and 
Mexican gray wolf Monestrus 60-63 45 parvovirus) have been seen in some species.”''*’° Genetically modi- 


fied canary-pox vectored vaccines are a safe alternative and are com- 


(C. lupus baileyi) 
monly used since they cannot induce disease. 


TABLE 46-6 


Disease Vaccine Type Notes 


Frequency 


Canine distemper All canids: Recombinant canary pox Begin at 6-9 weeks, booster Recombinant canary pox vectored 


virus (CDV) vectored vaccine® every 2-3 weeks until 16-20 vaccine" is safe, cannot induce 
Modified live vaccines recommended for weeks, then yearly or check CDV disease, and is recommended 
Mexican gray wolves (Canis lupus titers (Rodden AZA) for all susceptible exotic 
baileyi)? and red wolves (C. rufus)" carnivores" 

Rabies All canids: Killed virus vaccine*° Administer at 16 weeks, booster A recombinant canary-pox vectored 
at 1 year of age, then vaccine’ is available and may be 
annually® or every third year,” used at veterinarian’s discretion, 
depending on product used especially for small canids, then 

booster yearly 

Parvovirus Killed vaccine safest Begin at 6-9 weeks, booster Concerns with vaccine-induced 


Modified live vaccine used in red 
wolves,° gray wolves,° and adult 
maned wolves 

Maned wolves should be vaccinated with 
a killed vaccine product" until protective 
titers (>80) are present, then boostered 
with a modified live vaccine to avoid 
vaccine-associated disease 


every 2-3 weeks until 16-20 
vveeks, then yearly or check 
titers 


disease in canids vvhen using 
modified-live products, and 
strategy used for maned vvolves 
may be appropriate for other 
species 


u= == sts s.s 
Products available in the United States: 

*Merial, PUREVAX: ferret distemper vaccine. 
öSchering-Plough Galaxy D: modified live distemper vaccine. 
°Pfizer Animal Health Vanguard 5: modified live modified live distemper, canine adenovirus type 1 and 2, parainfluenza and parvovirus vaccine. 
‘Merial IMRAB 1: rabies vaccine 

°Merial IMRAB 3: rabies vaccine 

‘Merial PUREVAX: feline rabies vaccine 

8Merial RECOMBITEK: modified live canine parvovirus vaccine. 
"Fort Dodge FeloVax PCT: killed feline panleukopenia vaccine, includes feline rhinotracheitis and feline calicivirus. 
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Vaccination against coronavirus, Lyme disease, and leptospirosis 
should be considered if warranted by local disease risks. It must be 
noted that despite their taxonomic proximity to domestic dogs, all 
vaccines used in nondomestic canids are considered “off label.” 
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Nadine Lamberski 


BIOLOGY 


The family Felidae consists of at least 36 wild cat species. These felids 
are morphologically similar with rounded, flat faces, facial whiskers, 
large eyes, and large ears. They have the widest range of body sizes 
of all living carnivore families, weighing 1 kilogram (kg) to 300 kg. 
They occupy diverse habitats and are distributed naturally through- 
out the world except Antarctica and Australia, where they have been 
introduced by humans. 

Felid taxonomy has been intensively studied and yet remains 
controversial. The number of genera recognized is variable. Although 
in the past four genera were lumped together, currently at least 12 
genera are recognized based on several studies of morphology and 
genetics.’ Taxonomy and biostatistics for felids may be found in 
Table 47-1. 


STATUS AND CONSERVATION 


Wild felids are predators requiring large areas of habitat with suitable 
prey density. Human population growth has negatively impacted 
both these requirements, resulting in a decline in all felid species 
worldwide in range and number. Felidae are among the most threat- 
ened groups of mammals. Larger species are heavily persecuted 
because of the danger they pose to humans and livestock. Small cat 
species are also persecuted and are harvested for the fur trade. The 
International Union for the Conservation of Nature (IUCN) Red List 
designates 29 of 36 wild felid species as having a decreasing popula- 
tion trend. Nearly 50% of all felid species are listed in the top three 
threatened categories, and seven of these species are listed as Criti- 
cally Endangered or Endangered. Felids characterized as threatened 
are those that appear to be naturally rare with limited distribution 
or those that have become threatened because of human factors. The 
Iberian lynx, listed as Critically Endangered, fits into both categories 
and may become the first cat species to become extinct in modern 
times.”””. 
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UNIQUE ANATOMY AND 
SPECIAL PHYSIOLOGY 


The anatomy of nondomestic felids is similar to that of the 
domestic cat. Sexual dimorphism is limited with males generally 5% 
to 10% larger than females. There are 28 or 30 teeth with the fol- 
lowing dental formula: incisors (I) 3/3, canines (C) 1/1, premolars 
(P) 2-3/2, molars (M) 1/1. The incisors are small and are used for 
nipping flesh from carcasses. Canines are long with a length-wise 
groove in the enamel and are used to kill prey. The fourth upper 
premolars (carnassial teeth) are used to slice meat. The reduced 
dentition allows for a reduced length of the skull and mandibles, 
which improves efficiency of the muscles that close the jaw. Cats 
have a more powerful bite relative to muscle mass than any other 
carnivore except mustelids. Because of their carnivorous diet, cats 
have a shorter digestive tract with a smaller cecum and a short large 
intestine, 

The forelimbs are used for locomotion and prey capture. To grasp 
prey, supination of the paw is needed. This increased mobility of the 
elbow and wrist joints affects running. Canids run faster as they have 
stiffer forelimbs. The hindlimbs are the propulsers, and the reduction 
or loss of a clavicle increases stride length. Cats are digitigrade, with 
Eve toes in the front and four in the back. The first digit on the front 
[oot is the devvclavv. All felids have retractable claws, the exception 
being the cheetah, in vvhich retraction is less developed. Cheetahs 
ack the fleshy sheath protecting the clavv:”. 

A key characteristic that was used to separate the big cats (Pan- 
herinae) from the small cats (Felinae) is the presence of an elastic 
igament in the hyoid apparatus below the tongue, which was 
thought to allow the big cats to roar but not purr. Conversely, the 
bony hyoid of the small cats was thought to allow them to purr but 
not roar. More recent studies comparing the hyoid structure and 
vocal abilities dispute this correlation. It has been found that the 
main difference between the roaring, nonpurring cats and the others 
was the presence of long, fleshy, elastic vocal folds within the larynx 
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TABLE 47-1 
Genus and Longevity Gestation 

Category” Native Region Species Common Name (Years) Adult Mass (kg) (Days) 
GENUS FELIS 

LC Europe, Africa, Asia F. silvestris Wild cat 19 5.0-8.0 64-67 

LC North Africa to Indochina, Sri Lanka F. chaus Jungle cat 20 3.0-16 63-66 

NT North Africa, Arabia, Asia F. margarita Sand cat 13.9 2.75 67 

VU South Africa F. nigripes Black-footed cat 12 1.3-2.3 63-68 
GENUS OTOCOLOBUS 

NT Iran to China O. manul Pallas cat 16 2.5-4.5 66—75 
GENUS LYNX 

LC North America L. canadensis Canada lynx 17 8.0-18.0 62-74 

LC Europe, Asia L. lynx Eurasian lynx 24 18.0-30.0 67-74 

CR South Europe L. pardinus Iberian lynx 13 9.0-27.0 60 

LC North America L. rufus Bobcat 32 4.0-18.0 60-70 
GENUS CARACAL 

LC Africa, Arabia, Asia C. caracal Caracal 17 9.0-18.0 78-81 

NT West Africa, Central Africa C. aurata African golden cat 21 5.5-16.0 75 
GENUS LEPTAILURUS 

He Africa L. serval Serval 23 7.0-18.0 66-77 
GENUS PARDOFELIS 

VU South Asia, Southeast Asia P. marmorata Marbled cat 12 2.0-5.0 66-82 

EN Borneo P. badia Bornean bay cat No data 3.0-4.0 70-75 

NT Southeast Asia P. temminckii Asian golden cat 23 9.0-16.0 91-95 
GENUS PRIONAILURUS 

LC South Asia, East Asia P. bengalensis Leopard cat 17 3.0-7.0 65-72 

VU India, Sri Lanka P. rubiginosa Rusty-spotted cat 18 0.9-1.6 65-70 

EN South Asia, Southeast Asia P. viverrinus Fishing cat 17 5.0-16.0 63-70 

EN Borneo, Sumatra, Malaya P. planiceps Flat-headed cat 14 1.5-2.5 56 
GENUS LEOPARDUS 

NT Central America, South America L. colocolo Pampas cat 16 3.0-7.0 80-85 

Ee North America, Central America, L. pardalis Ocelot 20 8.0-18.0 79-82 

South America 
NT Central America, South America L. wiedii Margay 24 2.6-4.0 76-84 
VU Central America, South America L. tigrinus Little spotted cat or 23 1.5-3.0 74-76 
oncilla 

NT South America L. geoffroyi Geoffroy”s cat 23 2.0-5.0 72-78 

VU South America L. guigna Kodkod or guifia 14 2.0-2.5 72-78 

EN South America L. jacobita Andean mountain cat 16.5 4.0 No data 
GENUS PUMA 

LC North America, Central America, P. yagouaroundi Jaguarundi 15 3.5-10 70-75 

South America 
LC North America, Central America, P. concolor Puma 24 29.0-100.0 90-96 
South America 

GENUS NE0FELIS 

VU Asia N. diardi Sunda clouded leopard 11 15.0-30.0 85-95 

VU Asia N. nebulosa Clouded leopard 20 15.0-23.0 85-93 
GENUS PANTHERA 

EN Asia P. uncial Snow leopard 21 25.0-75.0 90-103 

EN Asia P. tigris Tiger 26 65.0-306.0 93-112 

NT Africa, Asia P. pardus Leopard 27 23.0-91.0 90-105 

NT South America, Central America P. onca Jaguar 28 30.0-121.0 93-105 

VU Africa, Asia P. leo Lion 27 120.0-250.0 100-120 
GENUS ACINONYX 

VU Africa, Middle East A. jubatus Cheetah 20 35.0-72.0 90-95 


* CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened; LC, Least Concern. 


of big cats that resonate to produce a roar. Smaller cats and cheetahs 
have simpler vocal folds that only allow purring.” 

Nondomestic felids appear to have an AB blood group system 
similar to that described in domestic cats. Cross-matching of donor 
and recipients using standard techniques is important before the 
administration of transfusions or blood products.” 


SPECIAL HOUSING REQUIREMENTS 


Minimum husbandry guidelines for keeping small (weighing less 
than 10 kg) and large felids in captivity are available through the 
Association of Zoos and Aquariums (AZA, www.aza.org) and include 
recommendations on minimum size specifications, barrier height 
and width, temperature, humidity, lighting, ventilation, interindi- 
vidual distances, and sanitation. Additional enclosure features rec- 
ommended may vary by species and include a vertical component, 
elevated resting platforms, a heat source, shade, logs or wooden 
posts to sharpen claws, a visual barrier for cats to hide behind, a den 
or secure area, varied topography, water features for bathing and 
swimming, and a shift or secondary holding area to safely move 
animals from their primary enclosure for cleaning, feeding, or 
medical procedures. To reduce the incidence of osteoarthritis and 
pad ulceration, large felids should not be housed for long periods 
on concrete. Natural substrates or platforms with some flexibility 
hat may be cleaned and disinfected should be provided.” 

Appropriate safety precautions must be designed into the enclo- 
sure and holding facilities to ensure employee and guest safety. These 
include, but are not limited to, using materials of sufficient strength, 
covering all openings with mesh or heavy glass, and ability to view 
all the cats within an enclosure from a safe position. Safety gates 
provide secondary containment if an animal escapes from the 
primary holding area. Flares, fire extinguishers, and sound genera- 
ors may be placed throughout the work area to deter attacks. 
Keepers may be required to carry pepper spray and communication 
radios while working with large felids. Escape drills should be held 
routinely. ” 


FEEDING 


The diet of wild felids varies, depending on their sizes. The large cats 
such as lions and tigers prey on very large mammals, with only two 
to three species making up the bulk of their diet. Medium-sized 
felids such as the puma, the snow leopard, and the leopard ea 
smaller prey but a larger number of different species. The smal 
felids prey on mammals, birds, reptiles, amphibians, and insects. Al 
wild cats hunt and kill their own prey, but some will scavenge 
opportunistically. *! 

Felids require a much higher proportion of protein in their die 
compared with any other mammal, 12% for domestic cats compared 
with 4% for domestic dogs.” In captivity, a formal nutrition program 
is recommended to meet the nutritional and behavioral needs of al 
species. Diets should be developed on the basis of the recommenda- 
ions of nutritionists such as the European Association of Zoos and 
Aquaria (EAZA) Nutrition Group or the Association of Zoos and 
Aquarium (AZA) Nutrition Advisory Group (NAG). The AZA-NAG 
feeding program guidelines suggest a feeding strategy that includes 
providing a diet that is nutritionally balanced, that reasonably stimu- 
ates natural feeding behaviors, that the animal consumes consis- 
ently, and that meets the above criteria and is practical and economical 
o feed. Domestic cats generally require 80 to 90 kilocalories per 
kilogram of body weight (BW) per day (kcal/kg/day) to meet meta- 
bolic requirements. Diet quantity needs to be altered on the basis of 
he animals body condition, life stage, and environmental factors. 
Amounts of feed may also be based on the National Research Council 
recommendation of 55 to 260 kcal/BW°” (Requirements for Domes- 
ic Dogs and Cats, National Research Council [NRC], 2006). 

Most captive felids are fed commercial meat-based complete 
diets, so additional vitamin or mineral supplements, including 
calcium and taurine, should not be necessary. Techniques for proper 
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thawing of frozen diets prior to feeding may be found in the U.S. 
Department of Agriculture (USDA) guidelines on handling of frozen 
and thawed meat and prey items fed to captive exotic animals (http:// 
www.nal.usda.gov/awic/pubs/meatprey.pdf). Commercial diets may 
be supplemented with good-quality carcasses or whole-prey items. 
If muscle meats or organ meats make up the bulk of the diet, addi- 
ional supplementation, including calcium, may be necessary. The 
majority of felids are able to handle the large concentrations of 
microorganisms present in raw meat. However, guidelines of appro- 
priate bacterial concentrations in received commercial products need 
o be established for each institution, and commercial products 
should be tested on a regular basis. Bones may be offered to some 
species on fast days or twice weekly to promote oral health and to 
provide enrichment. Fresh water should be made available at all 
imes. 

The diet should be analyzed routinely for nutritional content, 
bacterial contamination, and the presence of foreign material. Several 
cases of ethylene glycol toxicity from contaminated meat have been 
reported. The source of the diet components also should be investi- 
gated to prevent the transmission of diseases such as spongiform 
encephalopathies. ” 


RESTRAINT AND HANDLING 


Many felids, particularly cheetahs, leopards, lions, and tigers, may 
be trained to cooperate with veterinary procedures. Behaviors that 
are particularly helpful include shifting into transport crates, obtain- 
ing regular body weights, close visual inspection and oral examina- 
ion, measurement of temperature, heart rate, and blood pressure, 
administration of injections or other medications, positioning for 
abdominal ultrasonography for pregnancy monitoring, and collect- 
ing blood or other biologic samples. 

Felids less than 10 to 15 kg in body mass may be restrained safely 
in a net for short procedures such as administration of injections. 
Heavy gloves may be used, but most felids are capable of biting 
hrough them. The majority of cats are darted or confined to a 
small area or restraint device and hand injected. Commercial squeeze 
cages are available for restraining and transporting larger felids and 
work best when incorporated into holding facilities (LGL Animal 
Care Products, Inc., Bryan, TX; Research Equipment Company, 
Bryan, TX).*° 


ANESTHESIA 


A variety of drug combinations have been used safely to induce 
anesthesia in felids (Table 47-2). In general, smaller species require 
a higher dosage of anesthetics compared with larger species on the 
basis of kilogram of body weight, and free-living individuals may 
require higher dosages compared with their captive counterparts. 
The drug combinations most often used include a dissociative (ket- 
amine or tiletamine), and an 0)-agonist (xylazine, medetomidine, or 
dexmedetomidine), benzodiazepine (diazepam, zolazepam, or mid- 
azolam), opioid (butorphanol), or a combination of these. These 
drugs may be antagonized with yohimbine (0.04 to 0.3 milligram 
per kilogram [mg/kg], intramuscularly [IM] or intravenously [IV; 
slow]), atipamezole (0.1 to 0.45 mg/kg, IM), naltrexone (0.05— 
0.25 mg/kg, IM or IV), and flumazenil (0.01—0.02 mg/kg, IV or IM). 
Tiletamine and zolazepam (Telazol, Fort Dodge, Fort Dodge, IA) may 
be used safely in many felids but should be used with caution in 
tigers. Adverse reactions, including death and neurologic disease 
(seizures, ataxia), have been anecdotally reported; but controlled 
studies are lacking. Regurgitation or vomiting during induction or 
recovery may occur when 0)-agonists are used. Food should be 
withheld from adult felids for 12 to 24 hours and water for several 
hours prior to anesthesia to decrease the chances of regurgitation 
and aspiration during induction and recovery. Species-specific pro- 
tocols have been reported. 1016262. 

Anesthesia may be maintained with supplemental ketamine (IV 
or IM), propofol (IV), or inhalant anesthesia (sevoflurane, isoflurane, 
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TABLE 47-2 
Generic Name Dose (mg/kg) Route Antagonist Comments 
Ketamine 0.2-2.0 V or IM N/A Not recommended if used alone, best for 
supplementation or maintenance of anesthesia 
Ketamine 3.0-10.0 N/A May need to use higher dosages than those listed 
Xylazine 0.3-1.0 Yohimbine for small felids 
Ketamine 2.0-6.0 N/A Supplements may be needed after 45-50 minutes 
Medetomidine (or 0.03-0.07 (0.015-0.035) Atipamezole 
dexmedetomidine) 
Ketamine 5.0-10.0 N/A Use in small felids or debilitated cats 
Midazolam 0.1-0.3 Flumazenil Flumazenil may not be necessary 
Ketamine 3.0-5.0 M N/A Use in small felids or debilitated cats 
Midazolam 0.1-0.3 Flumazenil Not recommended for healthy large felids 
Butorphanol 0.1-0.4 M Naltrexone Flumazenil may not be necessary 
Tiletamine 1.6-4.2 or up to 11.0 in small IM N/A Prolonged recovery 
Zolazepam felids (combined) Use vvith caution in tigers 
Can reduce dosage by adding ketamine or 
medetomidine 
Medetomidine (or 0.03-0.04 (0.015-0.02) Atipamezole Spontaneous recoveries after 40-50 minutes 
dexmedetomidine) 0.1-0.4 Naltrexone Supplements needed for procedures >30 minutes 
Butorphano 0.1-0.3 Flumazenil Flumazenil may not be necessary 
Midazolam 
Ketamine 1.0-2.0 IM or IV N/A Ketamine may also be given intravenously soon 
Medetomidine (or 0.03-0.04 (0.015-0.02) IM Atipamezole after induction 
dexmedetomidine) 0.1-0.4 IM Naltrexone May get spontaneous arousal 
Butorphano 0.1-0.3 IM Flumazenil Flumazenil may not be necessary 
Midazolam 


IV, Intravenously; IM, intramuscularly; N/A, not applicable; dosages for antagonists listed in text of chapter. 


or halothane). Rapid administration or high doses of ketamine (IV) 
may induce seizures. Rapid administration of propofol (IV) may 
result in apnea. Supplemental oxygen is recommended when using 
injectable anesthetic agents. This may be delivered through the 
nares, via a face mask, or through endotracheal intubation. Endotra- 
cheal intubation is strongly recommended, especially for procedures 
lasting more than 30 minutes. 

Additional anesthetic complications include hypoxia, hypoven- 
tilation, hyperventilation, apnea, hypotension, hypertension, brady- 
cardia, arrhythmias, seizures, hypothermia, hyperthermia, and 
cardiac arrest. Arousal may occur after 40 to 50 minutes when 
medetomidine is used as the primary anesthetic drug in combina- 
tion with low doses of ketamine or with a combination of mid- 
azolam and butorphanol. This may occur with few premonitory 
signs, so the clinician must be prepared by having intravenous ket- 
amine or propofol readily available or have an inhalant anesthetic 
available to maintain anesthesia. A recovery crate should be available 
in the same room where the procedure is performed if the animal 
has been removed from its enclosure. This greatly improves safety 
if there is spontaneous arousal of the animal or a rapid recovery is 
needed. 


VENIPUNCTURE 


Venipuncture sites are similar to those of domestic felids. Blood 
samples may be obtained from the medial and lateral saphenous, 
jugular, cephalic, or femoral veins. Lateral tail veins may be accessed 
in larger felids and are located at the 2 o'clock and 10 o'clock posi- 
tions. This is a particularly useful site if the cat is confined in a 
squeeze cage. Reference ranges for hematologic and biochemical 
values for a variety of captive felid species are provided by the Inter- 
national Species Information System (ISIS): Physiologic values in 
captive wildlife (ISIS, 2002; Apple Valley, MN). 


DISEASES 


Felids are susceptible to many infectious and noninfectious diseases. 
Table 47-3 lists several felid species and the common diseases 
observed in captivity. Some conditions in captive animals may have 
a genetic predisposition or may be precipitated by chronic stress. 
Stress causes a reduced immune response that increases susceptibil- 
ity to infectious diseases and may be associated with noninfectious 
diseases such as gastritis and AA-amyloidosis in cheetahs. Stress also 
has an adverse effect on reproduction and results in a higher ten- 
dency for self-mutilation or overgrooming.” Treatment modalities 
for the diseases below may be extrapolated from domestic feline 
medicine. 


Infectious Diseases 


Felids are susceptible to the same infections carried by domestic cats. 
They are also susceptible to diseases transmitted by other animals, 
for example, viral diseases such as canine distemper, rabies, and 
avian influenza; bacterial infections that cause tularemia (caused by 
Francisella tularensis) or tuberculosis (caused by Mycobacterium 
bovis); and protozoal diseases such as toxoplasmosis (caused by 
Toxoplasma gondii).°"°'°°* Many infections are zoonotic; therefore, 
good hygiene practices are essential when working with felids. It is 
also very important to limit exposure of captive felids to feral and 
domestic cats and dogs, free-living carnivores, bats, rodents, and 
other small mammals. The common viral diseases in felids are sum- 
marized in Table 47-4. Helicobacter gastritis may be a significant 
bacterial infection that results in regurgitation, vomiting, weight loss, 
and ill thrift. Although all felids may be affected, the clinical disease 
is most often observed in cheetahs. Management of this condition is 
well documented in the literature. Additional bacterial diseases 
include those caused by Mycoplasma spp. and Chlamydophila psittaci, 
which are part of the feline respiratory disease complex, and 


TABLE 47-3 
Common Diseases for Select Species” 


Common İnfectious 
Diseases 


Common Noninfectious 


Species Diseases 


Lion — Biliary cysts or tumors 
Spondylosis 
Lymphoma 


Pyometra 


Tiger m Biliary eysts or tumors 
Spondylosis 


Chronic renal disease 


Ovarian and mammary 
cancer 

Neoplasia especially 
pheochromoeytomas 


Jaguar — 


Clouded leopard — 


Cheetah Helicobacter gastritis 
Herpesvirus 


dermatitis 


Renal secondary 
amyloidosis 

Glomerulosclerosis 

Veno-occlusive disease 


Snow leopard Papillomavirus Veno-occlusive disease 
associated 
squamous cell 


carcinoma 


Transitional cell 
carcinoma 


Fishing cat — 


Black-footed cat — Renal amyloidosis, 
gastrointestinal 


amyloidosis, or both 


Pallas’ cat Toxoplasmosis — 


Herpesvirus infection 


*K. Terio, unpublished data. 


enterocolitis caused by Campylobacter spp. Salmonella spp. may 
cause disease but is often passed in the feces of asymptomatic 
animals secondary to a raw food diet. All felids are susceptible to 
infections by dermatophytes, especially Microsporum canis and 
M. gypseum. Treatment with griseofulvin resulted in toxicity with 
bone marrow suppression and death in cheetahs. ” Coccidioidomy- 
cosis (caused by Coccidioides immitis) has been reported in nondo- 
mestic felids in regions of the world where this pathogenic fungus 
resides in the soil (southwestern United States and northern Mexico). 
Bovine spongiform encephalopathy (BSE) has been reported in felids 
in Europe.” The cats had been fed cattle carcasses or animal prod- 
ucts, including blood and bone meal produced in BSE endemic 
areas. 

Significant protozoal infections include coccidiosis (caused by 
Eimeria spp.) and giardiasis (caused by Giardia spp.). These may 
result in severe enteritis, especially in kittens. Many healthy felids 
are seropositive for Toxoplasma gondii antibodies. Kittens and immu- 
nocompromised animals may develop acute generalized toxoplasmo- 
sis. High neonatal mortality in Pallas’ cats from toxoplasmosis has 
hampered conservation efforts. Prophylactic treatment of breeding 
animals and neonates is recommended. Cytauxzoon felis is a proto- 
zoan that infects blood cells.*'**"! It is transmitted by the lone star 
tick (Amblyomma americanum). The natural reservoir is the bobcat 
that becomes a persistent carrier after developing mild or subclinica 
infection. The disease may be fatal in untreated domestic cats, and 
a fatal infection in a white tiger has been reported. Babesia felis, 
originally identified in wild cats from Sudan, has been reported 
sporadically from various countries, “702551 South Africa appears to 
be the only country where feline babesiosis is a significant clinica 
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entity. The infection is assumed to be tickborne, but the vector has 
not been identified. Concurrent infections may contribute to clinical 
disease. Ascarids (Toxocara and Toxascaris) are common in captive 
animals and may be difficult to eliminate. The ova are highly resistant 
in the environment. Repeated testing and treatment of animals while 
in quarantine may prevent the introduction of ascarids into exhibits. 
In chronically infected cats, routine treatment may be needed to limit 
worm burdens. Disease caused by Dirofilaria immitis (heartworm) has 
been diagnosed in a black-footed cat.” Prophylactic treatment is 
recommended in endemic areas. 


Noninfectious Diseases 


oninfectious diseases are often related to husbandry, diet, or breed- 
ing management. Obesity is a significant cause of morbidity in 
captive felids and may predispose to metabolic conditions such as 
diabetes mellitus. “Stargazing” has been associated with hypovita- 
minosis A in young lions. ” Common dental diseases include gingi- 
vitis, calculus accumulation, fractured canines, and fractured molars. 
Focal palantine erosions have been reported in 15 wild and captive 
species but is more prevalent in captive animals.”” Degenerative joint 
disease and spondylosis are common in geriatric felids, especially the 
larger species.” Chronic renal failure is common in geriatric felids.”” 
Renal amyloidosis is particularly common in black-footed cats 
and cheetahs.” Veno-occlusive disease is a slowly progressive liver 
disease, which results in the fibrosis of the hepatic sinusoids or veins 
and eventually occlusion of the vessels. It has been reported in 
cheetahs and snow leopards. Myelopathy has been diagnosed in 
cheetahs in Europe, and leukoencephalopathy has been diagnosed 
in cheetahs in North America.*’ Pyometra has been reported in lions, 
tigers, and a leopard.*! Lions seem to be at an increased risk for 
developing pyometra compared with other species. Ovariohysterec- 
tomy may be warranted in nonbreeding female lions. The use of 
progestin-based contraceptives has been associated with endometria 
hyperplasia and uterine and mammary adenocarcinoma. Nonsteroi- 
dal anti-inflammatory drugs (NSAIDs) should be used cautiously. 
Aspirin, acetaminophen, and ibuprofen may cause toxicity, and 
caution is advised when using other formulations such as carprofen, 
deracoxib, naproxen, etodolac, and indomethacin. Meloxicam has 
been used in nondomestic felids with no reported adverse effects.” 
Barbiturate and thiafentanil toxicity has been reported in felids fed 
carcasses of animals that had been euthanized or anesthetized with 
these agents. 


REPRODUCTION 


Felidae exhibit a high degree of variability in estrus cycle character- 
istics, including duration. All felids have induced ovulations, but 
some have spontaneous ovulations. The occurrence varies across 
species and between individuals within a species. It occurs fre- 
quently in clouded leopards, fishing cats, and margays but rarely in 
cheetahs, tigrinas, and ocelots. Pallas’ cats are very sensitive to pho- 
toperiod; tigers, clouded leopards, and snow leopards are moderately 
affected; and ocelots, tigrinas, margays, lions, leopards, and fishing 
cats are not influenced by photoperiod. Clouded leopards and Pallas’ 
cats exhibit seasonality in gonadal activity, but margays, cheetahs, 
and oncillas cycle year round. Suppressed ovarian activity and estrus 
occurs in cats housed in a group (e.g., cheetahs). All cats have a 
zonal placentation.”” 

Many felid species do not reproduce well in captivity. Assisted 
reproductive techniques such as artificial insemination are important 
for managing zoo species. * This technique is challenged by the 
variable responses to ovulation induction therapies. Fecal cortisol 
may be measured and reflects the adrenal status and stress levels of 
animals managed under different husbandry conditions. These data 
improve the understanding of how social and environmental factors 
affect the well-being and reproductive fitness of animals. Contracep- 
tion of felids is sometimes necessary to facilitate management needs 
or because of concerns over the health of the animals. 
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The AZA Wildlife Contraception Center (2012) makes the fol- 
lowing recommendations for felid contraception: 

1. Gonadotropin-releasing hormone (GnRH) agonists are considered 
the safest reversible contraceptives, but dosages and duration of 
efficacy are not well established for all species (caution has to be 
exercised in their use in lions because of prolonged response with 
questionable reversibility at certain doses). Side effects are gener- 
ally similar to those associated with gonadectomy, especially the 
potential for weight gain. 

° Suprelorin (deslorelin) implants (female or male) 
¢ Lupron® Depot injection (female or male) 

2. Ovariohysterectomy or ovariectomy (females) or castration 
(males) may be considered if permanent sterilization is an option. 

3. In felids, progestin contraceptives are associated with progressive 
uterine growth that may result in infertility, infections, and some- 
times uterine cancer, mammary tissue stimulation may result in 
cancer. If a progestin is used, treatment should only be short term 
and should be started before any signs of proestrus. Progestins 
should not be used in pregnant animals. 


PREVENTIVE MEDICINE 
Routine Health Examination 


Routine, periodic, or opportunistic health examinations should be 
part of the preventive medicine protocol for felids. Many institutions 
perform examinations under anesthesia every 2 to 4 years, but this 
frequency is dependent on the individual animal’ age, life stage, 
health status and medical history, and species and the resources and 
philosophy of the holding institution. Animals that are trained as 
part of an operant conditioning program may be visually examined, 
have blood collected, and receive vaccinations without anesthesia or 
he need for remote delivery equipment. These examinations may be 
substituted for one under anesthesia in many cases if dental examina- 
tion and prophylaxis and thorough palpation are deemed unneces- 
sary. Routine health examination should include an assessment of 
body condition, body weight determination, complete physica 
examination, evaluation for ectoparasites (ticks, fleas, flies), blood 
collection for complete blood cell (CBC) count with manual differ- 
ential and hemoparasite examination, serum biochemical panel, and 
serum for banking. Recommended serologic tests include those for 
feline leukemia virus (FeLV) and feline immunodeficiency virus 
(FIV). Additional tests that may be necessary based on species, geo- 
graphic location, or potential for disease exposure include those for 
Toxoplasma gondii, feline coronavirus (FCoV), and canine heartworm 
(Dirofilaria immitis). Serologic tests to monitor response to vaccina- 
tion may be useful for feline parvovirus (FPV), especially in cheetahs, 
and for the rabies virus.” Vaccine titers for feline herpesvirus (FHV) 
or feline calicivirus (FCV) are predictive of protection, except for 
highly susceptible species such as cheetahs. If a cheetah has a low 
or negative titer to FPV or FHV, more frequent vaccination should 
be considered. Urinalysis should be performed, if possible. Survey 
radiography and abdominal ultrasonography may be valuable if 
resources are available to establish reference information or to diag- 
nose occult conditions. Fecal examination for parasites is recom- 
mended at this time if a regular program for parasite surveillance 
(once to twice yearly) is not already in place. 


Vaccination 

Vaccination protocols for carnivores have been recently reviewed. 
Vaccines recommended are divided into core vaccines (recom- 
mended for all felids) and noncore vaccines (optional, depending on 
he specific disease risk of the species and institution, not generally 
recommended). Vaccine-associated sarcomas have rarely been 
reported in nondomestic felids. Because of the lack of serologic 
studies and difficulty in performing challenge experiments on non- 
domestic felids, specific information on the length of protection from 
vaccination is lacking. Specific recommendations for vaccination 
frequency cannot be made, although most institutions vaccinate 
adults every 1 to 3 years using the core vaccines. Core vaccines 
include rabies (killed, e.g, Imrab 3, Merial; or recombinant 
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canarypox-vectored, e.g., PureVax Rabies, Merial) and feline panleu- 
kopenia, calicivirus, herpesvirus (killed, e.g., Fel-O-Vax PCT Plus, 
Boehringer Ingelheim). Noncore vaccines that should be considered 
only in species at risk include canine distemper virus (CDV) (recom- 
binant canarypox-vectored, PureVax Ferret Distemper, Merial) and 
FeLV (killed). 


Preshipment Evaluation and Quarantine 
Animals that are being shipped to a new institution should be evalu- 
ated using the procedures described earlier. The preshipment exami- 
nation and test results allovv the receiving institution to discuss 
disease risks associated with the acquisition in advance with animal 
managers. Results should be compared with the results of the quar- 
antine examination at the receiving institution. Examination and 
testing during the quarantine period provides vital information fol- 
lowing the stress of shipment and change in environment. Biologic 
samples should be stored for future testing or studies, as needed. 
Quarantine should occur in an off-exhibit area away from other 
animals, especially other carnivores (collection and free-living). 
Dedicated tools and equipment and personal protective equipment 
(removable outer wear, gloves) should be used. If dedicated footwear 
is not an option, a footbath may be used. Quarantine period for all 
felid species is typically 30 days, but this may vary depending on 
the source of the cat or institutional practices. 
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NATURAL HISTORY, ANATOMY, 
AND PHYSIOLOGY 


Recent studies have revealed that the Musteloidea emerged approxi- 
mately 32.4 to 30.9 million years ago in Asia. During the Oligocene, 
musteloids diversified into four primary divisions: Mephitidae, Ailu- 
ridae, Procyonidae, and Mustelidae. Mustelidae arose approximately 


16.1 million years ago. The early offshoots largely evolved into the 
ecologic niches of badgers and martens, whereas later divergences 
have adapted to other niches, including those of weasels, polecats, 
minks, and otters.” 

Extant mustelids are classified in the order Carnivora, suborder 
Caniformia, family Mustelidae, and subfamily Mustelinae and 


Mephitinae. The family Mustelidae currently includes 25 recent 
genera and approximately 67 species of terrestrial carnivores or 
piscivores inhabiting all continents except Australia and Antarctica 
and are also absent in New Guinea, Madagascar and Antarctica. They 
have been introduced into New Zealand. In the course of evolution, 
several behavioral adaptations and many physical features have 
developed, as some species live mainly in the ground (stoat, weasel, 
polecat) or even partially underground (badger), whereas others are 
active also above the ground in trees (pine marten). Some have 
selected marine or fresh water as their preferred habitats most or part 
of the time (mink, river otter, sea otter). 

Included in this family are the smallest living carnivore, the 
common or least weasel, and the largest representatives, the giant 
and sea otters in water and the wolverine on land. Mustelid body 
weights range from under 70 grams (g) (least weasel at 19 centime- 
ters [cm] long) to 45 kg (sea otter at 190 cm long). 

The family Mustelidae includes five subfamilies. The weasel-like 
carnivores (Mustelinae) represent the group with the greatest number 
of species, comprising 10 genera with approximately 33 species 
including weasels (11 species), polecats (3 species), minks (2 
species), grison (1 species), and wolverine (1 species). The subfamily 
Mellivorinae is represented by only a single species, the honey 
badger or ratel (Mellivora capensis). Subfamily Melinae includes five 
genera in eight species of badgers represented in Africa, Asia, South 
America, or wide ranges of northern Eurasia and North America. 
Skunks (subfamily Mephitinae, recently elevated to Family Mephiti- 
dae) are exclusively common in North America. Otters (subfamily 
Lutrinae) are small to large forms that show the most highly devel- 
oped adaptations to marine life of all mustelids. They lead an 
amphibious life and feed mainly on fish or crustaceans. Most mam- 
mologists recognize four genera and 13 species.” 

Most mustelids have a highly flexible spinal column; the 
imbs are comparatively short, ending in feet with five digits, and 
hey walk either digitigrade or plantigrade. The claws are not (or 
only partly) retractable. Mustelids lack the clavicle and cecum. They 
present the typical carnivore dentition with number of teeth varying 
from 28 to 40. Developed canine (C) teeth are always present and 
he last premolar (P) in the upper jaw and the first molar (M) in the 
ower jaw jointly form the “crushing shears” for processing food. The 
dental formula of weasels is incisors (I) 3/3, C 1/1, P 3/3, M 1/2 on 
he upper and lower jaws. In the wolverine the formula is 1 3/3, C 
1/1, P 4/4, M 1/2 upper and lower. Eurasian badger formula is I 3/3, 
C 1/1, P 4/4, M 1/2 upper and lower, and in the members of the 
Lutra and Lontra genera the formula is I 3/3, C 1/1, P 3-4/3, M 1/2 
upper and lower. The pine marten has a dental formula of I 3/3, C 
2/1, P 4/4, M 1/2 upper and lower (40 teeth total), which is different 
from that of other mustelids. Glands may be located in various 
regions of the body surface. The paired anal glands produce odorous 
secretions characteristic of the species and used for marking their 
habitat, sometimes for generations. Some species may spray these 
secretions over long distances as a method to discourage or harm 
enemies. 

In otters, the mandibular salivary glands and lymph nodes lie in 
the angle of the mandible, whereas the retropharyngeal nodes lie 
dorsolateral and slightly caudal to the larynx. The thyroid glands of 
otters are also different from those of other mustelids in that they 
are long, flat, and tapering, with no isthmus, and closely attached to 
he trachea. The heart of otters is usually globular with a thick-walled 
eft ventricle and a thin-walled right ventricle. The shape of the heart 
and thickness of the ventricles should not be confused with ventricu- 
ar hypertrophy. Otters have a seven-lobed liver. A common hepatic 
and cystic bile duct joins the duodenum adjacent to the pancreatic 
duct. The kidneys of otters, like those of cows and cetaceans, are 
multilobulated. The lungs of otters and badgers are composed of two 
obes on the left, three lobes on the right, and an intermediate lobe 
where the right bronchus terminates.”!” 

Mustelids are predominantly solitary, sexually dimorphic 
mammals (males are 25% larger than females). Smaller mustelid 
species have high metabolic rates. Males and females come together 
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only during the reproductive period, and social communities gener- 
ally include the mother and offspring. Table 48-1 summarizes the 
biologic data of selected mustelids. 

Members of the family range from the International Union for the 
Conservation of Nature (IUCN) status Endangered (black-footed 
ferret) to Near Threatened (wolverine) to IUCN status Least Concern 
(badger). 


Unique Aquatic Adaptations 


The family Mustelidae contains numerous fully terrestrial species, 
two that are semi-aquatic (minks), and a number that are amphibi- 
ous to fully aquatic (the Lutrinae). The latter have adaptations for 
the aquatic habits that may be relevant for the clinical management. 
Underwater vision presents challenges for the mammalian eye: the 
need for increased sensitivity to light, accommodation of the spectral 
shift toward the blue-green wavelengths, and modification of the 
ocular focusing capacity because of refractive differences compared 
with those in air. Different adaptations for these challenges have been 
proposed, although visual acuity in water is somewhat reduced in 
some otter species (i.e., Asian small-clawed otter). Little is known of 
the importance, sensitivity, and mechanisms of hearing in otters, in 
the aquatic or the terrestrial environment. Olfaction has been retained 
as an important sense for aquatic mustelids, largely but not exclu- 
sively in support of their activities on land. However, evidence sug- 
gests that otters have less complex scent production capacities 
compared with terrestrial mustelids and that scent production capac- 
ity in sea otters may be more poorly developed and less important 
han in other otter species. These changes probably have resulted 
from the increased importance of vision and the reduced importance 
of olfaction in the aquatic environment. The long, lean body of 
Mustelinae species makes them vulnerable to rapid heat loss on land 
and in the water. Insulation in aquatic mustelids is achieved by 
means of a dense underfur that prevents water penetration to the 
skin while providing buoyancy. Because fur is an efficient insulator, 
furred aquatic mammals require some means of thermoregulation; 
in sea otters, thermoregulation is conducted through the enlarged 
rear flippers. In otters and minks, swimming is the primary means 
of locomotion. These species demonstrate many adaptations that 
enhance swimming performance and reduce energy expenditure 
while in the water: body streamlining, large, specialized plantar 
surfaces for propulsion, and the ability to remain submerged for 
extended periods. However, most otters, unlike most aquatic 
mammals, are capable of quadrupedal locomotion on land, and this 
is why they are considered morphologically intermediate between 
terrestrial and aquatic mammals. 


OUTDOOR AND INDOOR ENVIRONMENTS 


Most species tolerate a wide range of temperature ranges. Temperate 
and cold-adapted species held outdoors need protection from sun- 
ight when the temperature exceeds 50°F (10°C). Tropical species 
require heated shelters when ambient temperatures drop below 69° F 
(20°C). Animals kept indoors should not be exposed to tempera- 
ures exceeding 78°F (25°C). It is important to be aware that 
required temperature ranges vary among individuals as well as 
between species, so individual animals should be given the oppor- 
unity to select a comfortable ambient temperature from a gradient 
provided in the enclosure. Humidity for indoor enclosures should 
range from 30% to 70% but may be higher for tropical species. The 
amount of time individuals held indoors are exposed to light should 
replicate the natural photoperiod of their native environment, par- 
icularly for those species that are expected to reproduce in captivity. 
Currently, data on the effects of varying light intensity or type of light 
(fluorescent versus natural) on reproductive behavior are not avail- 
able; however, a correlation exists between the onset of estrus in 
northern mustelid species.’ Indoor exhibits should have a negative 
air pressure of five to eight air changes per hour (for odor control) 
of non-recirculated air, however, this is not necessarily a requirement 
and recirculated air may be used in some cases. 
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Fresh drinking water should be provided at all times. Nonfiltered 
water, contained in pools or moats and used for swimming, should 
be changed on a regular basis. Even if water is filtered, it should be 
completely changed periodically. Mustelids should not be given 
access to pools that have recently been treated with chlorine (levels 
should be <0.5 parts per million [ppm]). For otters that normally 
inhabit fresh or brackish water environments, dissolved nutrients 
should be monitored and water changes performed, as appropriate. 
It is suggested that the coliform level not exceed 400 colony 
orming units per milliliter (CFU/mL) (water with a level of 100 
CFU/mL is reported to be safe for humans). Filtration should be used 
in closed pools for otter. Sand filters, pool pumps, charcoal filters, 
and ozone pressure sand filters have all been used effectively. Drain 
outlets and filter and skimmer inlets should be covered to prevent 
urnishings from obstructing them or from otters getting stuck in 
hem. Natural flow-through systems work well in otter exhibits. 
Water flowing in must be clean and pollutant free. All uneaten food 
items should be removed from pools on a daily basis. Because minks 
are highly susceptible to methyl mercury toxicity, pools need to be 
maintained at a neutral or basic pH (acidic pH enhances methylation 
of mercury). 
Controlling of sounds and vibrations that may be detected by 
mustelids is important to their well-being. Anecdotal reports of loud 
noises and vibrations of certain amplitude affecting parturition and 
early kit rearing in mustelids have been published. * 


Habitat Design and Containment 


Exhibits should be designed to satisfy the physical, social, behav- 
ioral, and psychological needs of the species while closely replicating 
their habitat in the wild. Enclosure size for arboreal and terrestrial 
mustelids is based on species’ and individual needs (e.g., juveniles 
versus adults versus geriatric animals). Exhibits that are provided 
extensive enrichment and are structurally varied may be smaller than 
exhibits lacking these characteristics. (Note that enrichment items 
must be chosen carefully, since many mustelid species are prone to 
chewing and ingesting enrichment parts, putting them at risk of 
gastrointestinal [GI] foreign body obstruction). Recommended 
exhibit sizes are based on species size, behavioral repertoire, home 
range size, daily movements, and activity patterns. Detailed informa- 
tion is given in the Mustelid (Mustelidae) and Otter (Lutrinae) Care 
Manuals provided by the Association of Zoos and Aquariums, Small 
Carnivore Taxon Advisory Group. 


greens, kale, potatoes, among others), eggs, and live or killed food 
items (crickets, mealworms, mice, prairie dogs) have also been incor- 
porated into captive diets. Target dietary nutrient values for muste- 
lids are based on several sources. The cat is typically the mode 
species used to establish nutrient guidelines for strict carnivorous 
animals. The National Research Council (NRC, 2006, for dogs and 
cats), and Association of American Feed Control Officials (1994, for 
cats) have provided recommendations. A limited amount of informa- 
tion has been provided by the NRC publication on mink and foxes, 
which represents the requirements of another mustelid species (Table 
48-2). The complete dietary requirements of domestic ferrets are stil 
unknown, so no one particular diet is currently being recommended 
over another. In the ferret and mink diet, the protein should be of 
high quality and easily digestible because of their short GI transit 
ime of 3 to 4 hours. Generally, most mustelids need a diet high in 


good-quality meat protein and fat and low in co 
drates, inclusive of sugars, and fiber. High levels 


are therefore undesirable. Food should be offered at 
and water must be available at all times. When deve 


ollowing should be considered: feeding ecology, 
values, food items available at zoos, and informatio 


mplex carbohy- 
of protein from 


plant sources have been associated with urolithiasis in mustelids and 


east twice a day, 
oping appropri- 


ate dietary management plans for a specific mustelid species, the 


target nutrient 
n collected from 


Animal and human safety must be kept in mi 
and building mustelid exhibits. Additionally, mu 
suited for free-ranging exhibits because of their 
escape. Exhibits must be designed to prevent t 


nd when designing 
stelids are not well 
uncanny ability to 
hem from digging, 


jumping, climbing, or swimming out of enclosures. Outdoor exhibits 
should have containment perimeters, tops and hotwire 3 to 5 feet 
(ft, 1-1.52 meters [m]) installed above ground level to prevent them 
from climbing and falling. For burrowing species (e.g., badgers), the 
bottom of the containment fence may need to be buried to a suffi- 
cient depth and angled toward the center of the exhibit to prevent 
escape. For amphibious species (e.g., otters), optimal land-to-water 
ratios are species dependent. These ratios may need to be changed 
as exhibit size increases or decreases (e.g., smaller exhibits will 
require a higher land area proportion within the ratio).”” 


FEEDING AND NUTRITION 


Within the Mustelidae family, food habits vary significantly. Some are 
strict carnivores (ferrets, weasels, polecats, etc.), some are omnivo- 
rous (skunks, badgers or tayras), and some are piscivorous (fish and 
crustacean eaters such as otters) (see Table 48-1). Mustelids have a 
relatively simple stomach and a short GI tract and, as mentioned 
above, no cecum. The more omnivorous species have flattened 
molars. Captive mustelid species are fed on a great variety of items: 
commercial dry dog food, mink food, and cat food, and cereal diets 
mixed with meat, fresh or frozen fish, shellfish, crabs, and crayfish. 
Fruits, vegetables (carrots, lettuce, green beans, cucumber, collard 


diets offered by institutions successfully maintaining and breeding 
or the species. 


RESTRAINT AND HANDLING 


Even though some captive mustelids may be gentle with their 
keepers, all members of this family may be handled with nets, snares, 
or squeeze cages. Caution must be used while managing wild mus- 
telids, as they have needle-sharp teeth and are agile and aggressive 
and may inflict severe bites. They are also potential vectors of rabies, 
so they should be handled with caution. Leather gloves should be 
used by operators when handling any kind of mustelid, whatever 
the size. The ferret is best restrained when grasped above the shoul- 
ders, with one hand gently squeezing the forelimbs together and the 
thumb under the animals chin. Minks are grasped by the tail with 
one hand, while the other hand grasps the animal behind the neck, 
with the thumb and finger around the head. Polecats, ermines, 
weasels, and martens are better restrained initially with a net when 
an injection has to be administered by hand. Skunks defend them- 
selves by spraying the secretions of the anal sacs, and they may bite 
as well. The defensive position assumed by a threatened skunk is 
hindquarters facing the enemy, feet planted firmly on the ground, 
and tail straight up in the air. They should be captured with a net 
rom behind a shield of glass or plastic, or the handler should wear 
goggles and protective rain gear. Larger mustelids such as otters, 
badgers, and wolverine may be placed in a small squeeze cage for 
manual injection of a tranquilizer or directly injected by means of a 
pole syringe or a blowpipe. ° 
Mustelids are susceptible to stress caused by improper handling 
and transport. Fresh water and marine otters are particularly suscep- 
ible to stress-associated exertional myopathy. Different techniques 
have been developed for safe management of this species. Only 
rained personal should handle mustelids, and usually, a combina- 
ion of physical restraint and chemical restraint is advocated to 
reduce stress and avoid capture myopathy. The duration of restraint 
should be brief, and care should be taken to avoid trauma to the oral 
cavity and limbs. As mentioned above, sea otters are extremely sus- 
ceptible to stress caused by improper handling and transporting. 
Different techniques have been developed for the safe management 
of this species.” 


Chemical Restraint 


Different drugs have been used extensively for the chemical immo- 
bilization of mustelids. In most species, dissociative-benzodiazepine— 
Q)-agonists combinations have been used and are highly 
recommended for induction or short-term anesthesia. Ketamine in 
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TABLE 48-2 
Cat* (National 
Research Council Dog* (NRC, Artic Foxt Vulpes vulpes Asian Small-Clawed 
Nutrient [NRC], 1986) 1974) Minkt Mustela vison (NRC, 1982) Otter§ Aonyx cinerea 
Protein % 24 22 38 (23.9) 24.7 24-32.5 
Fat % — 5 — — 15-30 
Vitamin A, international unit 33 5.0 5.93 2.44 3.3-10 
per gram (IU/g) 
Vitamin D (IU/g) 0.5 0.5 — — 0.5-1.0 
Vitamin E, milligram per 30 50 27 = 30-120 
kilogram (mg/kg) 
Thiamin (mg/kg) 5.0 1.0 1.3 1.0 1-5 
Riboflavin (mg/kg) 4.0 2.2 1.6 3.7 3.7-4.0 
Pantothenic acid (mg/kg) 5.0 10.0 8.0 7.4 5-7.4 
Niacin (mg/kg) 40.0 11.4 20.0 9.6 9.6-40 
Pyridoxine (mg/kg) 4.0 1.0 1.6 1.8 1.8-4 
Folacin (mg/kg) 0.80 0.18 0.5 0.2 0.2-1.3 
Biotin (mg/kg) 0.07 0.1 0.12 — 0.07-0.08 
Vitamin Bı: (mg/kg) — 0.022 — — 0.02-0.025 
Calcium % 0.8 1.1 0.40 (0.3) 0.6 0.6-0.8 
Phosphorous % 0.6 0.9 0.40 (0.3) 0.6 0.6 
Potassium % 0.4 0.6 = = 0.2-0.4 
Sodium % 0.05 — — — 0.04-0.6 
Magnesium % 0.04 0.04 = = 0.04—0.07 
İron (mg/kg) 80 60 — — 80-114 
Zinc (mg/kg) 50 50 — — 50-94 
Copper (mg/kg) 5.0 7.3 — — 5.0-6.25 
lodine (mg/kg) 0.35 1.54 — — 1.4-4.0 
Selenium (mg/kg) 0.1 0.11 — — — 


“National Research Council: Nutrient requirements of dogs and cats. VVashington, DC, 2006, National Academy Press. 
tGrowing and weaning to 13 weeks. Numbers between parentheses are for maintenance (from National Research Council: Nutrient requirements for 


minks and foxes. Washington, DC, 1982, National Academy Press). 


National Research Council: Nutrient requirements for minks and foxes. Washington, DC, 1982, National Academy Press). 
sMaslanka CS: Asian small-clawed otters: Nutrition and dietary husbandry. In: Nutrition Advisory Group handbook, 1999. 


combination with midazolam, diazepam, xylazine, medetomidine, 
or acepromazine (caution: hyperthermia or hypothermia) to improve 
muscle relaxation. Xylazine, medetomidine, or dexmedetomidine 
combined with ketamine has been recommended to improve muscle 
relaxation, and both combinations may be reversed with atipamezole 
(2.5 milligram [mg] per 5 mg medetomidine, and 1 mg per 8-12 mg 
xylazine). 7 Tiletamine-zolazepam is another option. Doses 
ranging from 2.2 to 22 mg/kg have been reported for numerous 
species of mustelids; higher doses result in prolonged recovery. In 
otters, the usage of a low dose of tiletamine—zolazepam to achieve 
anesthetic induction, and supplementation with isoflurane or ket- 
amine (5 mg/kg) for maintenance, has been advocated. Flumazemil 
(0.05-0.1 mg/kg) may be used to antagonize the zolazepam portion 
of this combination to hasten recovery, but its usage has not been 
reported in mustelids other than the Nearctic river otter.” Drugs and 
dosages commonly used to provide chemical restraint and sedation 
in selected mustelids are listed in Table 48-3. These combinations 
usually provide short periods of chemical restraint (30-45 minutes). 
If longer periods of anesthesia are needed, inhalation anesthetics 
(isoflurane and sevoflurane) delivered via an induction chamber, 
mask, or endotracheal tube is efficient, although the results of 
chamber induction with inhalation agents may vary and cause 


excitement in some species. Otters hypoventilate during inhalation 
anesthesia and require assisted ventilation to prevent hypoxemia and 
hypercarbia.”” 

VVhenever possible, the following parameters should be recorded 
when immobilizing or anesthetizing a mustelid: actual weight, rela- 
tive oxyhemoglobin saturation (clamp located on tongue, lips, ears, 
toes), heart and respiratory rates, and rectal temperature. Possible 
anesthetic complications include respiratory depression (apnea, 
bradypnea, tachypnea, hypoxemia), hyperthermia, hypothermia, 
bradycardia, tachycardia, poor myorelaxation, and _ excitability 
during recovery. Hypoventilation has been reported to be a cause of 
mortality in otters with the use of inhalation anesthesia. During 
recovery from anesthesia, animals should be kept in a quiet, dark 
denning box or cage or in a confined area to facilitate smooth recov- 
ery from anesthesia.” 


DIAGNOSTICS 


Blood may be collected from various sites; the technique and site 
chosen depend on the species, how much blood is needed, and 
operator preference. Sites include the jugular vein, cranial vena cava, 
ventral coccygeal artery, median caudal vein, lateral saphenous vein, 
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TABLE 48-3 


Recommended Anesthetic Combination (milligram per 


Species kilogram [mg/kg]) 


Comments/Alternative 


American badger Tiletamine-zolazepam (4.4) 


etamine (15), xylazine (1) 


American river otter 
medetomidine (0.030) (atipamezole) 


Ketamine (8-12) + midazolam (0.25-5) / Ketamine (3) + 


etamine (10-12) + diazepam (0.3-5) / Tiletamine- 
zolazepam (4) + flumazenil (0.08)Respiratory 
depression may occur 


Asian small-clawed otter 


Ketamine (15-18) + midazolam (0.75-1) 


etamine (4—5) + medetomidine (0.1-0.12) 
(atipamezole) 
Respiratory depression may occur 


Black footed ferret 


Ketamine (3) + medetomidine (0.075) (atipamezole) 


etamine (15) + diazepam (0.1) 


Ermine and weasel 


Ketamine (5) + medetomidine (0.1) (atipamezole) 


etamine (3)/ Tiletamine-zolazepam (11-22) 


Eurasian badger 


Ketamine (5-10) + medetomidine (0.05-0.1) 
(atipamezole)/ tiletamine-zolazepam (10) 


etamine (10-16) + xylazine (2—6)/ medetomidine 
(0.04) + tiletamine-zolazepam (2.5) 


Eurasian otter 


Ketamine (5) + medetomidine (0.5) (atipamezole) 


etamine (15) + diazepam (0.5) 
Respiratory depression may occur 


Ferret Ketamine (10-30) + xylazine (1-2) or diazepam (1-2) or Tiletamine-zolazepam (22) 
acepromazine (0.05-0.3) Recovery time may be prolonged 
Giant otter Ketamine (8.5-10.6) + xylazine (1.5-2) Prolonged recovery 
Marten Ketamine (10) + medetomidine (0.2) (atipamezole) etamine (60) + xylazine (12) 
Mink Tiletamine-zolazepam (15) / Ketamine (40) + xylazine (1) etamine (5) + medetomidine (0.1) (atipamezole) 
Ratel (honey badger) Tiletamine-zolazepam (2.2) etamine (6) + xylazine (0.5) 


Sea otter Butorphanol (0.5)/ oxymorphon (0.3) 


Fentanyl (0.3) + azaperone (0.25) 
Caution: Numerous reports of fatal complications 


Stripped skunk 


Tiletamine-zolazepam (10) 


etamine (15) + acepromazine (0.2) 


Tayra 


Tiletamine-zolazepam (3.3) 


Wolverine 


Ketamine (5-8) + medetomidine (0.1—-0.15) 


etamine 


20) + acepromazine (0.2) 


cephalic vein, and femoral vein. Published reference ranges for 
hematologic and serum biochemistry analyses for selected mustelids 
are listed in Tables 48-4 and 48-5. Techniques for urine collection, 
urinary catheterization, splenic and bone marrow aspiration, place- 
ment of intravenous and intraosseous catheters, administration of 
fluids, and blood transfusion have been described for ferret and may 
be useful when treating other mustelids.” A technique of mandibular 
salivary gland biopsy for rabies testing has been developed in Nearc- 
tic river otters. ” Other diagnostic techniques such as ultrasonogra- 
phy, electrocardiography, radiography, and auscultation are applicable 
but vary for each species. 


DISEASES 
Viral and Bacterial Diseases 


The following viral diseases have been reported in mustelids: Aleu- 
tian mink disease (plasmacytosis), influenza, canine distemper, 
rabies, rotavirus diarrhea, infectious canine hepatitis, pseudorabies 
(Aujeszky disease), transmissible mink encephalopathy, mink 
enteritis, epizootic catarrhal enteritis of ferret (coronavirus) feline 
panleukopenia, canine parvovirus, feline leukemia, Powassan virus 
disease (arbovirus), herpes, and necrotizing encephalitis (herpes 
simplex).!921-2 

The following bacteria have been identified as pathogenic in 
mustelids: Helicobacter mustelae, Desulfovibrio spp., Campylobacter 
jejuni, C. coli, Salmonella spp., Clostridium perfringens type A, C. botu- 
linum, C. welchii, Mycobacterium spp., Actinomyces spp., Pseudomonas 
aeruginosa, P putrefaciens (also known as Shewanella putrefaciens), 
Streptococcus spp., Staphylococcus spp., Erysipelothrix rhusiopathiae, 
Escherichia coli, Klebsiella pneumoniae, K. oozaenae, Bordetella bronchi- 
septica, Listeria monocytogenes, Yersinia pestis, Y. ruckeri, Bacillus 


anthracis, Brucella abortus, Pasteurella multocida, P pseudotuberculosis, 
Francisella tularensis, Leptospira spp., Bacteroides melanigenicus, 
Proteus vulgaris, P mirabilis, and Plesiomonas shigelloides. 

Fungal diseases are rarely reported in mustelids, but those cited 
include histoplasmosis, cryptococcosis, blastomycosis, coccidiomy- 
cosis, mucormycosis (Absidia corymbifera), adiaspiromycosis 
(Emmonsia crescens), and dermatomycosis (Microsporum sp. and 
Trichophyton sp.). 

Table 48-6 contains information about some common infectious 
diseases reported in mustelids. 


Parasitic Diseases 


Although not generally associated with disease, numerous external 
and internal parasites have been identified in both wild and captive 
mustelids. Table 48-7 includes data on selected parasites reported to 
cause disease in mustelids. Parasitic diseases are also important for 
wild animals undergoing translocation because of the immune sup- 
pression possibly induced by stress.”””” 


Ectoparasites 

External parasites reported to affect mustelids include the following: 
fleas (Ctenocephalides canis, C. felis, Pulex irritans, Nosopsyllus fascia- 
tus, Ceratophyllus gallinae, Chaetopsylla globiceps, Parceras melis, Spi- 
lopsyllus cuniculi, Monopsyllus sciurorum), ticks (Ixodes ricinus, I. 
bansksi, Amblyomma americanum, Dermacentor variabilis), lice (orders 
Mallophaga, and Anoplura), demodectic mange (Demodex sp.), sar- 
coptic mange (Sarcoptes scabiei), ear mites (Otodectes cynotis), myiasis 
(Cuterebra spp., and Wohlfahrtia vigil), Guinea worm (Dracunculus 
insignis), filarial dermatitis (Filaria taxidae). Mite, tick, and flea treat- 
ments include concurrent treatments of the environment and the 
animals. Topical treatment should include those approved for use in 
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TABLE 48-4 = — s. 


Nearctic Eurasian Striped European Striped 

North American Parameter* river otter otter MinkT skunk Ferret polecatt skunk? 
Erythrocytes x105/microliter (uL) 6.10-14.50 5.2-7.8 8.07 + 0.67 6.8-12.2 635-112 8394186 8.08+0.68 
PCV (%) 32.2-60.8 37.8-69.1 45.9 + 3.1 42-61 36.7-54.9 436 £ 8.7 43.0 + 6.5 
Hemoglobin, gram per deciliter (g/dL) 10.4—19.0 11.0-19.9 15.6+1.1 15-18 11.1-17.1 14.3+2.7 13.4 + 1.1 
MCV, (fL) 38.3-49.0 60.7-105.2 56.9 + 1.9 m 45.6-54.7 52.1 + 407 53.0 + 2.6 
MCH, picogram (pg) 11.3-15.8 16.3-26.9 = = 14.0-17.6 17.341.2 17.0+0.4 
MCHC (%) 27.8-39.2 24.6-30.9 34.0 + 0.52 = 30.7-32.9 332419 31.8.* 1.2 
WBC (10°/uL) 4.7-33.2 3.1-19.2 6.49 + 2.02 4-0-19 2.0-9.8 6.204236 8.0143.12 
Neutrophils (10°/uL) 3.0-28.2 1.41-12.86 2.64 + 1.27 0.62-3.33 2.88 £ 14633 4.22+2.43 
Band neutrophils (105/uL) 0-0.48 0-1.8 0.008 + 0.020 = — 0.09 £ 0.05 0.22 £ 0.38 
Lymphocytes (10%uL) 0.12-4.95 0.58-3.84 3.12: 1.05 — = 2.98+1.73 3.08: 1.65 
Eosinophils (10°/uL) 0-1.83 0-1.39 0.47 + 0.44 = m 0.24 £ 0.19 0.18 £ 0.08 
Monocytes (10°/uL) 0-2.38 0-0.99 0.19 + 0.13 m 0.18-0.900 0.15 40.11 0.16 4 0.07 
Basophils (10°/uL) 0-0.21 0-0.18 0.05 + 0.54 = 0.01-0.10 0.10 + 0.07 0.0 + 0.0 
Platelets (10°/uL) 298-931 178-777 729.58 + 125.40 277-882 303 + 133 437 + 0.0 
Reticulocytes (%) — — 2.1+0.9 — 1-12 — — 


Kas rc rn rrrrr rr TT r ss 
*Values are presented as a range or mean plus-or-minus standard deviation. 

tValues for mink refer to although no statistical differences were determined between male and female minks. 

#International Species Information System: Physiological data reference values. Apple Valley, MN, 2002, ISIS. 

MCH, Mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume. 


TABLE 48-5 L — 


Nearctic Eurasian Striped European 
North American Parameter* River Otter Otter Mink Skunkt Ferret Pine Marten Polecatt 
Total protein, gram per deciliter (g/dL) 5.7-9.0 6.0-7.7 5.94 + 0.31 6 2 1.2 5.1-7.4 6147 5.7+8 
Albumin (g/dL) 2.4-4.1 1.25-3.6 2.98 + 0.14 = 2.6-4.1 3.044 3.3 + 0.4 
Globulin (g/dL) 2.9-5.8 2.7-4.8 3.144 2.4 + 0.7 
Calcium (mo/dL) 6.8-10.0 5.2-10.3 9.54 + 0.39 2.43 + 0.23 8.0-11.8 9.2+1.6 9.12 + 0.92 
Phosphorus (mg/dL) 3.2-8.3 4.2-8.7 5.29 + 0.79 1.74 + 0.61 4.0-9.1 4.95 + 0.92 6.19 + 1.70 
Sodium, milliequivalent per liter 136-158 142-158 153-7 EAS 149 + 7 137-162 155=3 152+6 
(mEq/L) 
Potassium (mEq/L) 3.5-5.3 3.9-5.7 4.34 + 0.23 4.8 + 0.7 4.3-7.7 4.0+0.2 4.7 + 0.6 
Chloride (mEq/L) 94-121 102-125 114.5 + 1.7 110+6 102-125 126 +1 116+8 
Creatinine (mg/dL) 0.4-0.8 0.7-1.0 0.71 + 0.08 1.09 + 0.80 0.2-0.9 0.79 + 0.18 0.49 + 0.20 
Urea nitrogen (mg/dL) 17-56 17.3-68.1 15.2+5.6 33.9 + 32.9 10-45 31.64 + 11.2 12.5 + 3.99 
Cholesterol (mg/dL) 63-279 95-220 172.4 + 103.8 64-296 176.9 + 23.0 191.9 + 52.6 
Glucose (mg/dL) 56-225 51-400 125.8+18.7 124.8 + 62.9 62.5-207 314.5 £ 70.90 106.9 + 28.9 
SERUM ENZYMES 
Lactic acid dehydrogenase, 36-10,820 555-3,620 — 581 + 323 — 1,875 + 520 474 + 403 
international unit per liter (IU/L) 
Alkaline phosphatase (IU/L) 29-282 9.0-199 71.6 + 56.9 70 + 57 9-120 77 +29 64 + 79 
Gamma-glutamyl transferase (IU/L) 8-38 — — 2:3 — — 10+8 
Creatine kinase (IU/L) 67—1,300 26-1,794 — 895 + 252 — 555 + 234 379 + 384 
Alanine aminotransferase (IU/L) 46-990 34-307 — 120 + 98 82-289 173 + 44 102 + 56 
Aspartate aminotransferase (IU/L) 34—1,260 71-328 67.0 + 13.7 75 +22 28-248 159 + 18 74 + 28 


waw rr rv r rr r r rr IF 
*Values are presented as a range or mean plus-or-minus standard deviation. 
TInternational Species Information System: Physiological data reference values. Apple Valley, MN, 2002, ISIS. 
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TABLE 48-7 
Parasite Location in Host Clinical Signs Diagnosis Management Species Reported 
Toxoplasma gondii Multiple organs Elevated rectal Serologic Prevention Skunk, ferret, 


(disseminated) 


temperature, 
lymphadenitis, 
splenomegaly, 
myocarditis, 
pneumonitis, hepatitis, 
encephalitis 


Avoid contact with feline 
species and feline 
feces 

Treatment with 
pyrimethamine and 
sulfamerazine, others 


weasel, polecat, 
otters 


Lung worms 
(Crenosoma spp., 
Perostrongylus 
spp., Filaroides 
spp., Skriabingylus 
spp.) 


Lung and sinus 


Cachexia, anemia, 
coughing, dyspnea, 
depression, nasal 
discharge, and 
neurologic signs 


Finding the ova or 
first stage 
infective larvae 
in fecal samples 


Use of appropiate 
anthelmintic drug 
(ivermectin, 
fenbendazole, 
mebendazole) 


Mink, skunk, sable, 
Eurasian badger, 
otter, ermine 


Kidney worm 
(Dioctophyma 
renale) 


Kidney (usually 
right kidney) 


Weight loss, hematuria, 
polyuria, renal colic, 
and trembling 


Finding of 
characteristic 
ova in urine, 
radiography or 
ultrasonography 


Surgical treatment 
(removal of the 
parasitized kidney), 
fluid and antibiotic 
therapy 


Mink, otter, weasel, 
ermine, marten, 
fisher, grison 


Sarcoptic mange 
(Sarcoptes scabiei) 


Skin (especially 
head and 
neck) 


Scab formation around 
head and neck, tail, and 
feet 

In advanced cases, the 
entire body may be 
involved 


Finding the mites 
in skin scraping 
or biopsy 

Diagnostic 
treatment with 
ivermectin 


Ivermectin (0.3-0.4 
milligram per kilogram 
[mg/kg]) as a single 
injection, or 0.2 mg/kg, 
orally (PO) every other 
day for 2 weeks if 
severe; antibiotics for 
secondary infection 


Most mustelids 


Fleas (most often 
Ctenocephalides 
sp.) 


May be asymptomatic, 
pruritus and flea allergy 
dermatitis, with chronic 


Visualization of 
fleas or flea 
defecations 


Affected animals and 
enclosures should be 
repeatedly treated with 


Most mustelids 


scratching and rubbing 
Severe infestation may 

lead to debilitation by 

exsanguination 


cats (pyrethrin powders and sprays and others). Organophosphates 
and carbamates should be used with caution, as safe protocols for 
mustelids have not been established. 


Internal Parasites 
Protozoal infection include Giardia spp., Isospora spp., Eimeria spp., 
Sarcocystis spp., Toxoplasma gondii, Neospora caninum, Sarcosporidium 
sp., Besnoitia spp., Hepatozoon spp., Pneumocystis carinii, Trypanoso- 
miasis cruzi, Cryptosporidium spp. ` 

Helminths reported from mustelids in both zoos and from the 
wild include: lung flukes (Paragonimus westermani and P kellicotti), 
intestinal fluke (Nanophyetus salmincola, Troglotrema acutum), liver 
flukes (Fasciola hepatica), Acanthocephala (Corynsoma semerme, C. 
strumosum, Macracanthorhynchus ingens), tapeworms (Taenia sp., 
Monordotaenia sp., Oschmarenia sp.), trichinosis (Trichinella sp.), lung 
worms (Skrjabingylus spp., Crenosoma spp., Perostrongylus spp., and 
Filaroides spp.), heartworms (Dirofilaria spp.), ascariasis (Ascaris 
spp., Baylisascaris devosi, Toxocara canis), Dioctophyma renale, Dracun- 
culus spp., Strongyloides spp., Capillaria hepatica, Uncinaria sp., Euy- 
helmis squamula, Aonthotheca putorii, Eucoleus sp., Pearsonema plica, 
Molineus patens, and Mastophorus muris. 

Table 48-8 lists common drugs and doses used for controlling 
parasitic diseases in mustelids. 


suitable insecticides 
(pyrethrins, fibronil, 
imidacloprid [use small 
cat/kitten vial/dosel, 
lufenuron) 


Noninfectious Diseases 


The following have been reported to affect wild and domestic mus- 
telids (Table 48-9). Renal calculi (calcium oxalate and urate calculi) 
were detected in 66.1% of the captive North American adult popula- 
tion of Asian small-clawed otters that had been imaged or necrop- 
sied, and prevalence in wild-born otters was 76.7%. The captive diet 
appears to be a contributing factor to urolith formation and progres- 
sion.” Other medical problems associated with nutrition and feeding 
practices in mustelids are hypovitaminosis A; vitamin E, thiamin, 
(Chastek disease), calcium, vitamin D, zinc, and biotin deficiencies; 
zinc toxicity; nutritional secondary hyperparathyroidism (NSH); 
fibrous osteodystrophy; gastric trichobezoars; dental disease (dental 
calculus, gingivitis, and periodontal disease); gastric and duodenal 
ulceration; and gastric dilatation and torsion. ””” 


Metabolic Diseases 

Urolithiasis (magnesium ammonium phosphate, calcium oxalate, 
calcium urate, calcium phosphate, and ammonium urate uroliths), 
hypocalcemia, pregnancy toxemia, agalactia, hyperestrogenism, hor- 
monal alopecia, idiopathic hypersplenism, gastric dilatation and 
torsion (possibly associated with Clostridium welchii), dental and 
skeletal anomalies, periodontal disease, amyloidosis, hyperadreno- 
corticism (ferret), insulinoma (ferret), diabetes mellitus (ferret), fatty 
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TABLE 48-8 

Generic Name Dosage (milligram per kilogram [mg/kg]) ` Route of Administration Comments 
Amprolium 19, every 24 hours Orally (PO) Coccidia 
Carbaryl (0.5%) shampoo Weekly for 3 weeks Mange 


Fenbendazole 50, for 3-5 days 


Oral 


Alternatively 20 mg/kg for 5 days 


Fipronil 1 pump of spray or %—% of cat dose every Topical Flea adulticide 

60 days 
Ivermectin 0.2-0.5, repeat every 2 weeks if needed Subcutaneous (SC) or PO 0.006 mg/kg, PO, monthly for 

heartworm prevention 
Ectoparasites and endoparasites 

Levamisole 10 PO or SC May be toxic at higher dosages 
Mebendazole 50 mg/kg q12h x 2 days PO Nematodes 
Metronidazole 15-20, every 12 hours for 2 weeks PO Protozoa: Clostridium spp. 
Pyrethroids — Ectoparasites 
Praziquantel 5-25, repeat in 2 vveeks PO or SC Cestodes and trematodes 
Propoxur — Topical Ectoparasites 
Pyantel pamoate 5-60, repeat in 14 days OR 4.4 mg/kg q2 PO Nematodes 

vveeks 
Sulfadimethoxin 20-50, every 12-24 hours PO Antiparasitic, coccidian antimicrobial 


Thiacetarsemide 2.2, every 12 hours for 2 days 


Heartworm adulticide 
Follow 3-4 weeks later with ivermectin 
Caution must be used 


Intravenously (IV) 


iver, cardiovascular calcification, osteomalacia, and degenerative 
joint disease. ”” 


Neoplasia 

Over 50 different neoplasms have been reported in the domestic 
ferret. Although no current consensus exists on the cause of the high 
prevalence of neoplasia in ferrets, several theories have been pro- 
posed: genetic predisposition, early neutering of ferrets at 5 to 6 
weeks of age, lack of natural photoperiod or exposure to natural 
sunlight, diet, and infectious agents. However, neoplasms are not 
common in species other than ferrets and include: seminoma, leio- 
myoma, adenocarcinoma, pheochromocytoma, teratoma, lympho- 
sarcoma, anal sac carcinoma, lymphoreticular tumor, bronchoalveolar 
carcinoma, thyroid carcinoma, malignant melanoma, and a tumor 
resembling Hodgkin disease.’ 


Miscellaneous Diseases 

Reproductive toxicity (including decreased baculum weight, crypt- 
orchidism, cystic vas deferens) in European otters exposed to poly- 
chlorinated biphenyls and polychlorinated dibenzo-p-dioxins; 
organophosphate and carbamate intoxication; mortality associated 
with melarsomine and petroleum residues; mercury toxicity; second- 
ary exposure to rodenticide; shock; exertional myopathy (capture 
myopathy); trauma; intestinal volvulus; pneumoperitoneum; uterine 
orsion; interspecific aggression (especially following introductions), 
behavior problems (self-mutilation); cystic kidneys; dilated cardio- 
myopathy; cor pulmonale; intervertebral disk disease; osteoarthritis; 
tail alopecia syndrome; overgrowth of claws; oral, gastric, and intes- 
tinal foreign bodies; gastric and intestinal ulcers; pyometra; capture 
related injuries (mostly digit and tooth damage); pulmonary silicosis; 
fibrocartilaginous emboli; trauma (mostly associated with gunshots, 
vehicle encounters, and from traps); and hydrocephalus in European 
otter cubs have all been reported.” 1172591 


REPRODUCTION 


Important variations exist in the reproductive cycles among muste- 
lids. Some data for representative species are listed in Table 48-10. 


Most mustelids are seasonal breeders, with the sea otter and the 
Eurasian otter being exceptions. The duration of the breeding season 
may vary from 1 month (African striped weasel) to 12 months 
(Eurasian badger). Some mustelids are polyestrous, and others are 
monoestrous. The duration of estrus ranges from 3 to 5 days to 5 to 
8 weeks. Most males that have been studied have active spermato- 
genesis for only about 3 to 4 months in a year, although exceptions 
such as the Eurasian badger do exist. Mustelids may be either 
induced or spontaneous ovulators. 

Many mustelids exhibit delayed implantation: sea otters, Nearctic 
river otters, hog badgers, American and Eurasian badgers, ratels, 
striped skunks, western spotted skunks, wolverines, all martens, 
ermines, long tail weasels, minks, and marbled polecats. In those 
species, embryo development proceeds to the blastocyst stage and 
then ceases. This period of blastocyst dormancy is called diapause 
and varies from a few weeks in minks and striped skunks to almost 
a year in the Eurasian badgers. Extensive studies have been con- 
ducted on the mechanisms that control embryonic diapause in three 
species of mustelids: minks (Mustela vison), Eurasian badgers (Meles 
meles), and western spotted skunks (Spilogale gracilis). Numerous 
investigators have speculated on the ecologic significance and selec- 
tive pressures that might have favored the development of delayed 
implantation.” 

Changes in photoperiods are known to alter the secretion of 
pituitary hormones and thus the onset and duration of breeding, 
puberty, and timing of implantation. In this way, photomanipulation 
has been used in some species. Adequate numbers of animals 
should be maintained for mating, but compatibility does not ensure 
reproductive success. If copulation or gestation does not occur, dif- 
ferent pairings should be tried, but in some cases, animals that are 
not compatible during most of the year will often breed if introduced 
during estrus. For this, determining when females are in estrous 
may be crucial. Various methods for estrus detection have been 
proposed in different species, including behavioral changes, 
vulvar swelling, vaginal cytology, and fecal and urinary hormone 
analyses. In males, the testes enlarge during the breeding season. 
Pregnancy may be determined by urinary progesterone and conju- 
gated estrogen levels, palpation, radiography (end of gestation 
period), and ultrasonography.* 
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In ferrets, continued high levels of estradiol from persistent estrus 
may lead to alopecia and bone marrow suppression, resulting in 
pancytopenia and even death, so nonbreeding females should be 
neutered. 


Contraception 


No specific recommendations for contraception exist for mustelids, 
and ovariohysterectomy, vasectomy, and castration are currently the 
safest permanent sterilization procedures of birth control. Melenges- 
trol acetate hormone implants have been used successfully to prevent 
conception in mustelids. These should be removed after 2 years for 
one pregnancy, if possible, and are not recommended for more than 
a total of 4 years. The human contraceptive implant Norplant con- 
tains levonorgestrel, a synthetic progestin, and has been used to 
prevent pregnancy in the striped skunk. Depo-Provera injection 
(5 mg/kg every 2 months) has also been used. Although no data exist 
for mustelids, progestin contraceptives may be associated to progres- 
sive endometrial hyperplasia, resulting in infertility, infections, and 
sometimes uterine cancer in other carnivores. Deslorelin implants 
(gonadotropin-releasing hormone [GnRH] analogue) have been used 
as an alternative to melengestrol acetate.’ 


PREVENTIVE MEDICINE 


Many of the clinical and surgical procedures used in dogs and cats 
are applied to mustelids. Specialized surgical procedures have been 
developed for some mustelid species.*’**”* Periodic examinations 
should include the following: 

$ Checking transponders and tattoos, and reapplication, if 
necessary 

Checking baseline physiologic parameters (weight, breeding status) 
$ Examination of the oral cavity 

$ Evaluation of the reproductive tract, whole body radiography 

* 

* 


Collecting blood for hematologic and biochemical evaluation 
Checking for heartworm in endemic areas using a heartworm 
enzyme-linked immunosorbent antigen assay test 
Serum banking 
Performing fecal examination for internal parasites (and adminis- 
tering anthelmintics, if necessary). Table 48-8 lists some of the 
antiparasitic drugs commonly used to treat mustelids. Other 
drugs (e.g., antibiotics) are dosed at rates for ferrets, dogs, and 
cats.” 
Updating vaccinations 

Few viral diseases have been reported in mustelids, except ferrets, 
although they have been routinely vaccinated against a wide variety 
of viral diseases. Mustelids have varying susceptibility (species and 
exposure dependent) to feline panleukopenia, canine distemper, 
rabies, and leptospirosis.'° Most authors recommend vaccination of 
mustelids against rabies and canine distemper. Safety and efficacy 
of modified live canine distemper vaccinations in exotic species of 
carnivores has been historically problematic because vaccine-induced 
distemper has occurred (e.g., a modified-live virus derived from 
chick embryo cell culture caused the death of four female black- 
ooted ferrets [Mustela nigripes], or protection was not achieved). In 
the past, killed distemper vaccines have not provided longstanding 
protection in most species. A recombinant canarypox-vectored 
canine distemper vaccine (Purevax, Merial, Athens, GA) has been 
shown to be safe and efficacious and is the best choice for general 
mustelid protection against canine distemper virus.” If an alternative 
modified-live canine distemper vaccine is used, it should be given 
separately and not in multiple forms, since immunosuppression and 
other untoward vaccine interactions might lead to disease. Ferret or 
mink cell culture-derived modified-live vaccines should never be 
used in mustelids. A modified-live canine distemper vaccine of 
primate kidney tissue cell origin, Onderstepoort type, is available in 
he United States (Galaxy D; Schering-Plough Animal Health Corpo- 
ration, Omaha, NE) and has been proven to be safe and efficacious 
in hybrid black-footed ferrets and Siberian polecats. The only vaccine 
approved by the U.S. Department of Agriculture (USDA) for ferrets, 


.. 


Fervac-D (United Vaccines, Madison, WI), which is an egg-adapted 
strain, has induced anaphylactoid and anaphylactic reactions in 
some mustelids, so its use is not recommended. 

Vaccination schedules for nondomestic species are extrapolated 
from studies of the domestic dog. Neonates receiving colostrum 
should be vaccinated every 3 to 4 weeks between 6 and 16 weeks 
of age. Colostrum-deprived neonates should be given two vaccina- 
tions administered at a 3- to 4-weeks interval and starting at 2 weeks 
of age because maternal antibodies acquired in utero may be absent 
by 4 to 6 weeks of age. Data on maternal antibody interference with 
vaccination in ferrets suggest that a final canine distemper vaccine 
should be administered after 10 weeks of age. 

If an animal has an adverse reaction to canine distemper vaccine, 
an antihistamine (e.g., diphenhydramine hydrochloride, 0.5-2 mg/ 
kg, intravenously [IV] or intramuscularly HMİ) or, for severe reac- 
tions, epinephrine (20 microgram per kilogram [pg/kg], IV, IM, 
subcutaneously [SC], or intratracheally (IT]) should be administered 
and supportive care provided. 

Mustelids are also vaccinated with a killed rabies vaccine (Imrab), 
although the efficacy of this vaccine has not been proven in exotic 
mustelids. Rabies should be given at 16 weeks of age to animals at 
risk of contracting rabies and given boosters annually thereafter. 
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BIOLOGY 


Members ol the families Procyonidae and Viveridae are small- and 
medium-sized, mainly nocturnal members of the order Carnivora. 
Although the two groups are taxonomically distant, they share sus- 
ceptibilities to several important infectious diseases and are handled 
similarly by veterinarians. Only a few procyonid and viverid species 
are commonly exhibited by zoos or kept as pets. 


Procyonids are arctoid or canoid carnivores, more closely related 
to canids than felids; all but one species, the red panda, are native 
to the temperate and tropical New World (Table 49-1). Raccoons are 
the best known and most widely distributed member of this family. 
In addition to their distribution in their native North and Central 
Americas, feral raccoon populations have been established in Japan 
and Eurasia. The raccoon has been the best studied member of the 
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TABLE 49-1 
Scientific Common Weight Geographic 
Name Name (kilogram) Distribution 
Procyon lotor Raccoon 2-12 North America to 
Panama 
Nasua nasua Coatimundi 3-6 Arizona, United States 
to Argentina 
Potos flavus Kinkajou 1.4-4.6 Southern Mexico to 
Central Brazil 
Olingo gabbii Olingo 0.9-1.5 Central America to 
Northern South 
America 
Bassariscus Ringtail cat, 0.8-1.4 Western United 
astutus cacomistle States to Southern 
Mexico 
Ailurus Red panda 4-8 Himalayas to Northern 
fulgens Myanmar, Central 


China 


Procyonidae family because of its almost ubiquitous presence in a 
wide variety of rural and suburban habitats. 

Other members of family Procyonidae are the arboreal kinkajous 
and olingos, the diurnal coatimundis, and the secretive ringtail cats. 
Red pandas are an exceptional species in this family—they are the 
only strictly herbivorous members of the family, and their taxonomy 
has been a subject of debate. The species has been variously assigned 
to its own family (family Ailuridae), grouped with the giant panda 
in the family Ailuropodidae, and assigned to the family Procyonidae. 
It is the only procyonid native to the Old World, living in the moun- 
tainous regions of Nepal, northern Southeast Asia, and central China. 

Members of the family Viveridae are feloid carnivores; they are 
more closely related to felids than to canids and are predominantly 
forest dwellers. The family contains approximately 36 genera and 70 
species, and most are small and nocturnal. They are widely distrib- 
uted in the temperate and tropical regions of Eurasia and throughout 
Africa (Table 49-2). Mongooses have been introduced to the Pacific 
and Caribbean islands for pest control but are now considered a 
detrimental introduced species. Few members of this family are 
routinely exhibited outside of their range states. The diurnal, social 
meerkat is the most widely exhibited viverid species. Banded and 
dwarf mongooses are also popular exhibit animals, mostly in 
Europe. The binturong is the largest viverid and is frequently kept 
in captivity. 


UNIQUE ANATOMY AND PHYSIOLOGY 


Most procyonids and viverids have elongated, slender bodies and 
long tails. Kinkajous and binturongs have prehensile tails. Both 
families are anatomically conservative, quadripedal mammals, with 
most species having five digits per limb. Several species in both 
families have semi-retractable claws. The digitigrade viverids have a 
“waltzing trot” gait, whereas plantigrade species such as the bin- 
turong have a more shuffling gait. 

The soles of red pandas’ feet are covered with hair and possess a 
central pad scent gland that may be mistaken for a skin lesion. The 
red panda forelimb also possesses an enlarged radial sesamoid bone, 
termed the “panda’s thumb.” This bone is slightly movable and is 
used to grasp and hold bamboo, their principle food. 

Kinkajous have a long, narrow tongue adapted to eating fruit and 
honey. Procyonids, including the red panda, lack a cecum, whereas 
the viverids, with the exception of Nandinia spp., have a cecum. Male 


TABLE 49-2 


Common Weight Geographic 
Scientific Name Name (kilogram) Distribution 
Arctictis binturong Binturong 9-14 Southeast Asia 
Genetta spp. Genets 1-3 Southern Europe, 
Africa, and the 
Middle East 
Paradoxurus Common 1.5-4.5 Southern and 
hermaphrodites palm civet Southeast Asia 
Cynictis Yellow 0.4-0.8 Southern Africa 
penecillata mongoose 
Suricata suricatta Meerkat, 0.6-1.0 Southern Africa 
suricate 
Cryptoprocta Fossa 7-12 Madagascar 
ferox 
Mungos mungo Banded 1.0-1.2 | Sub-Saharan 
mongoose Africa 
Helogale parvula Dwarf 0.23-68 Eastern and 
mongoose Southern Africa 


viverids possess a baculum, and gender identification is not difficult 
in these animals, with the exception of the immature female fossa 
(Cryptoprocta ferox). The young female fossa undergoes a period of 
masculination during when the animal has an elongated clitoris, 
which contains an os clitoris, and may have scrotumlike swellings. 
The os penis disappears at maturity. 

A notable anatomic feature of the viverids is their enlarged peri- 
anal scent glands. These glands vary in size and complexity among 
the species. The glands’ secretions are used to mark territories and 
may also be used as a defense. The perianal glandular secretion from 
the genera Civetticitis, Viverra, and Viveriricula is known as “civet” 
and is used in the manufacture of perfume and medicines. 


SPECIAL HOUSING REQUIREMENTS 


All procyonid and most viverid species are good climbers and should 
be housed in enclosures with climbing structures. Most are hardy 
animals and adapt to a variety of climates, but the tropical species 
should be provided with indoor enclosures and heat during harsh 
winters. The red panda is native to high mountain habitats, so enclo- 
sures should be provided with cool areas or air conditioning in 
regions with hot, humid summers. Pregnant and parturient red 
pandas should have a variety of denning boxes, as some females 
frequently move cubs between boxes. 

Many mongooses are good burrowers and will spend consider- 
able time digging. Natural substrate should be provided for these 
species. 


FEEDING 


Procyonids are generally omnivorous, eating a wide variety of food 
items. Commercial dog kibble is the basis of most captive raccoon 
diets and is given along with a variety of fruits and vegetables. 
Obesity caused by overeating and lack of exercise is also a common 
problem in captive raccoons. The kinkajou is mainly frugivorous but 
also eats insects and small vertebrates. The ringtail cats are the most 
carnivorous of the procyonids, and the red panda eats almost exclu- 
sively bamboo in the wild. In captivity, red pandas are typically fed 
a mixture of commercial “primate” biscuits, fruits, vegetables, and 
bamboo. If at all possible, bamboo should make at least 50% of the 


FIGURE 49-1 Hand restraint snd examination of an adult coati- 
mundi. (Photo courtesy of Cheryl Greenacre.) 


diet. Viverids are mostly carnivorous but, depending on the species, 
will eat varying amounts of vegetable matter. The binturong is the 
most frugivorous member of this family. 


RESTRAINT AND HANDLING 


Captive procyonids and viverids may be trained to enter tubes or 
small kennels for capture and transport. Some small species may be 
briefly restrained with nets and heavy gloves, but chemical restraint 
is necessary to safely perform physical examinations and diagnostic 
procedures (Figure 49-1). The largest issue surrounding restraint of 
meerkats, and possibly other small, social viverids, is aggression 
associated with reintroduction of animals into a group, especially if 
they had been kept separate from the group overnight. Several strate- 
gies have been employed, including ensuring return of an immobi- 
ized individual to the group the same day, immobilizing several 
members of the colony at the same time (not just the animal requir- 
ing medical attention), and dusting animals to be reintroduced and 
others in the colony with talcum powder. 


CHEMICAL RESTRAINT, ANESTHESIA, 
AND SURGERY 


Most studies of procyonid and viverid immobilization have used a 
combination of a dissociative agent (ketamine or tiletamine) and 
either an ©,-adrenergic agonist (xylazine or medetomidine) or a 
benzodiazepine (zolazepam) injected intramuscularly (Table 49-3). 
With the disappearance of medetomidine from the North American 
market, dexmedetomidine has been substituted into protocols at 
approximately 50% the dosage of medetomidine. The wide range of 
dosages listed for immobilizing members of both families most likely 
reflects differences in immobilization of captive and free-living 
(trapped) animals. 

Chamber induction with isoflurane in oxygen is also a widely 
used induction protocol for all species weighing less than 10 
kilograms (kg). Anesthesia is typically maintained by inhalation 
agents such as isoflurane following endotracheal intubation. Surgical 
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TABLE 49-3 


Reversal Agents 


Species 


Induction Agents 
Raccoon 20 ketamine mg/kg + 4 xylazine Yohimbine 
mg/kg 0.125 mg/kg 
3 mg/kg tiletamine and zolazepam 
+ 2 mg/kg xylazine 
Coatimundi 20 mg/kg ketamine + 1 mg/kg Yohimbine 
xylazine 0.125 mg/kg 
Kinkajou 5.5 mg/kg ketamine + 0.1 mg/kg Atipamizole 
medetomidine 0.5 mg/kg 
Olingo 5 mg/kg tiletamine and zolazepam 
Red panda 6.6 mg/kg ketamine + 0.08 mg/kg Atipamizole 
medetomidine 0.4 mg/kg 
Binturong 2 mg/kg ketamine + 0.04 mg/kg Atipamizole 
medetomidine + 0.2 mg/kg 1.0 mg/kg 
butorphanol 
19.7 mg/kg ketamine + 1.3 mg/kg Yohimbine 
xylazine 0.125 mg/kg 
2 mg/kg tiletamine and zolazepam 
Civet 4.4-8.8 mg/kg ketamine 
10-15 mg/kg ketamine + Yohimbine 
0.5-1.5 mg/kg xylazine 0.125 mg/kg 
4.4-8.8 mg/kg tiletamine and 
zolazepam 
Genet 5.7 mg/kg ketamine + 9.8 mg/kg 
xylazine 
Mongoose 6 mg/kg ketamine + 6 mg/kg Yohimbine 
xylazine 0.125 mg/kg 
4.4-5.5 mg/kg tiletamine and 
zolazepam 
Fossa 10.5-20 mg/kg ketamine + Yohimbine 
2.5-5.0 mg/kg xylazine 0.125 mg/kg 
5 mg/kg ketamine + 0.1 mg/kg Atipamizole 
medetomidine 0.5 mg/kg 


mg/kg, Milligram per kilogram. 
From references 9, 21, 29, 31, and 33. 


procedures are performed similar to protocols used for domestic 
carnivores. 


DIAGNOSTICS 


Physical examination, radiology, and other diagnostic procedures are 
similar to those performed in domestic carnivora. Blood samples 
may be obtained from the jugular, cephalic, femoral, or saphenous 
vein, but obtaining blood samples from obese individuals may be 
difficult. Hematology and clinical chemistry values for procyonid 
and viverid species are generally similar to those for dogs and cats, 
with a few exceptions (Tables 49-4 and 49-5). Red pandas commonly 
have lower serum or plasma sodium concentrations (130-135 mil- 
liequivalents per liter [mEq/L]) and chloride concentrations (100— 
105 mEq/L) than those seen in domestic carnivores. In the authors 
experience, healthy red pandas also may have low hematocrits 
(3096—3596). Enzyme activities for aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and 
creatinine kinase (CK) are generally greater in procyonids and viv- 
erids than those observed in domestic carnivores (see Table 49-5). 
The cause for this is unclear but may be a result of the procyonids 
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TABLE 49-4 SU — 


Raccoon Kinkajou Red Panda Slender-Tailed Meerkat Binturong 
RBC (10°/uL) 8.74 + 1.2 8.76 + 2.6 8.49 + 1.2 9.56 + 1.5 7.49 + 1.5 
Hemoglobin (g/dL) 12.2 * 1.5 14 + 2.8 12.3 * 1.7 13.0+ 1.9 16.4 + 7.4 
Hematocrit (%) 36.8 + 5.4 40.5 +£ 8.1 39:35:51 41.0 + 6.2 45.9 + 8.5 
MCH (pg/cell) 14.2 + 1.4 17 + 4.4 14.9 + 1.7) 13.7 + 1.4 21.7 #19 
MCHC (g/dL) 32.9 42.2 35.3 + 3.0 31.6 + 3.2 31.6 + 2.7 36.5 + 15.3 
MCV (fL) 42.8 + 5.2 48.8 + 14.2 46.3 + 5.2 43.5 + 3.4 62.9+7.8 
WBC (10°/uL) 9.84 + 4.1 8.41 + 3.1 7.42 + 3.0 6.65 + 3.6 12.7 + 5.0 
Segs (10°/uL) 4.84 + 3.7 4.76 + 2.3 3.79 E 2:5 4.39 + 3.0 7.65 + 4.0 
Bands (10°/uL) 0.44 + 0.7 0.08 + 0.01 0.16+0.5 0.12 + 0.12 0.11 + 0.36 
Lymphocytes (103/uL) 3.94 + 2.0 2.85 + 1.5 3.1 +2.0 2.07 + 1.4 3.68 “2.3 
Monocytes (10°/uL) 0.33 + 0.3 0.27 + 0.2 0.27+0.3 0.22 + 0.2 0.57+0.5 
Eosinophils (10°/uL) 0.78 + 0.5 0.64 + 0.7 0.15+0.2 0.13 + 0.1 0.41 + 0.6 
Basophils (10°/uL) 0.06 + 0.04 0.1 + 0.06 0.13 + 0.11 0.08 + 0.01 0.05 + 0.14 
Platelet count (10°/uL) 470 + 160 449 + 76 576 + 189 389 + 169 333 4115 


*Values are means + standard deviations. ° 
fL, Femtoliter; g/dL, gram per deciliter; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; MCV, mean corpuscular 
volume; uL, microgram; pg, picogram; RBC, red blood cells; Segs, neutrophils; VVBC, white blood cells. 


TABLE 49-5 = — s 


Raccoon Kinkajou Red Panda Slender-Tailed Meerkat Binturong 
Glucose, milligram per deciliter (mg/dL) 65 + 22 99 + 36 124 + 39 122 + 33 127 +63 
BUN (mg/dL) 20+7 1345 27+9 2547 18+ 10 
Creatinine (mg/dL) 0.9+0.2 0.6+0.2 0.9+0.2 0.9+0.3 1.3 50.4 
Uric acid (mg/dL) 1.2+0.5 0.8+0.4 1.2+0.9 0.7+0.4 1.2 + 0.9 
Calcium (mg/dL) 9.0 £ 0.7 9.3 0.7 9.1 50.9 9.7 # 0.9 10.0+0.9 
Phosphorus (mg/dL) 4.7 + 1.2 5.2+1.1 474511 5:3: 1:3 5.6 + 1.9 
Sodium, milliequivalent per liter (mEq/L) 14644 141454 3445 149 45 14145 
Potassium (mEq/L) 4.3 £ 0.4 4.6 40.5 4.4 + 0.6 4.2 + 0.4 4.8 + 0.5 
Chloride (mEq/L) 11043 1053 10345 11447 10445 
İron, microgram per liter (ug/dL) 146 + 29 278 +0 150 + 91 218 + 136 190 + 93 
Magnesium (mg/dL) 3.05 + 0.07 2.95 + 0.35 2.34 + 0.54 2.5 £ 1.12 2.97 + 0.27 
Bicarbonate, millimole per liter (mmol/L) 21+0 2544.2 16.3444 18.0+0 17.3 + 0.8 
Cholesterol (mo/dL) 211 +63 106 + 50 199 + 59 369 + 139 74+ 31 
Triglycerides (mg/dL) 33 +17 36 + 20 41 +23 41 +33 108 + 54 
Total protein, gram per deciliter (g/dL) 7.2+0.7 8.0+0.8 6.6 + 0.7 6.6 + 0.9 7.2+0.7 
Albumin (mg/dL) 3.4 50.3 4.0 + 0.4 3.20.5 3.3 50.5 4.2 + 0.6 
Globulins (mg/dL) 3.7+0.7 3.8+0.7 3.3 40.7 3.3+0.8 2.9 + 0.5 
AST, international unit per liter (IU/L) 85 + 26 195 * 72 70+37 91 +38 39 + 20 
ALT (IU/L) 121+ 36 49 +45 69 + 58 104 + 62 21:27 
Total bilirubin (mg/dL) 0.2 + 0.1 0.3+0.2 0.2+0.1 0.3 40.2 0.3 40.2 
Amylase, unit per liter (Unit/L) 3119 +917 4468 + 2191 914 + 670 552 + 330 1674 + 398 
ALP (IU/L) 60 + 31 58 + 30 28 + 21 36 + 32 190 + 197 
LDH (IU/L) 1299 + 673 336 + 344 506 + 602 623 + 215 341 + 353 
CPK (IU/L) 306 + 198 402 + 365 286 + 306 350 + 307 509 + 754 
GGT (IU/L) 4+2 6+4 3+ 4+3 4+3 
TT4 (ug/dL) 2.4 £0.4 na 7.3 + 1833 na 0.5 k0 


== === 
*Values are mean + standard deviation. 
ALP, Alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CPK, creatinine phosphokinase; 
GGT, glutamyltransferase; LDH, lactate dehydrogenase; na, not available 774, total thyroxine. 


and viverids being restrained and immobilized prior to the blood 
samples being obtained. 


INFECTIOUS DISEASES 


Serologic evidence of a wide range of infectious diseases has been 
documented in wild procyonids and viverids. For example, diseases 
and agents that have been identified by serology or isolation in rac- 
coons but have not been reported to cause clinical disease include 
Borrelia burgdorferi, Brucella spp., Aleutian mink disease virus, 
Ehrlichia chaffeensis, hemorrhagic disease of deer, and raccoon pox- 
virus. A number of other diseases or agents have caused clinical 
disease in raccoons, including leptospirosis, pseudorabies virus, 
canine adenovirus, Salmonella spp., snowshoe hare virus, St. Louis 
encephalitis virus, Tyzzers disease, and yersiniosis, but these are 
rarely seen in captive animals. 

Several important diseases commonly cause clinical disease in 
procyonids and viverids and merit discussion. One of these, canine 
distemper, may infect most, if not all, procyonids and viverids. The 
disease is best described in raccoons, and epizootics of canine dis- 
temper regularly occur in wild North American populations. Distem- 
per has also been reported in coatimundis, kinkajous, red pandas, 
palm civets, and binturongs. ”””” Vaccine-induced canine distemper 
has been seen in kinkajous and red pandas vaccinated with modified- 
live virus domestic dog distemper vaccines.*'® 

Clinical signs in raccoons resemble those seen in domestic dogs 
but commonly include diarrhea in addition to upper respiratory 
signs. Hyperkeratosis of foot pads (“hard pad”) is also a typical sign. 
Canine distemper in raccoons seems to progress to central nervous 
system (CNS) disease more rapidly than in domestic dogs. This is 
important, as distemper-induced neurologic signs in raccoons are 
indistinguishable from signs of rabies, and rabies may only be ruled 
out after death. Wild raccoons may act as vectors for both distemper 
and rabies to susceptible captive animals such as red pandas. Patho- 
logic lesions of distemper in raccoons are similar to those seen in 
distemper-infected dogs. On the other hand, masked palm civets 
with canine distemper showed neurologic lesions but no GI lesions.” 

Rabies is endemic in the wild raccoon population in eastern 
United States. The disease was disseminated by relocation of rac- 
coons from southern United States to the upper Atlantic seaboard 
states for hunting, and the range extended rapidly. Extensive oral 
vaccination campaigns have been undertaken to limit the westward 
extention of raccoon rabies. Rabies is rare in captive raccoons, most 
ikely because of their being protected from wild vector species. 

Parvovirus infections have also been recognized in raccoons and 
many viverids, but the taxonomy of the etiologic agents has been the 
subject of some debate. Early raccoon cases were thought to be 
caused by feline parvovirus (feline panleukopenia virus) or “raccoon 
parvovirus.”” However, recent outbreaks in wild raccoons in south- 
eastern United States have been caused by canine parvovirus 2.! 
Morbidity was largely restricted to juveniles and neonates, and mor- 
ality was high. Serologic evidence of parvovirus infections has been 
observed in red pandas, but clinical disease has not been described 
in this species. Feline parvovirus has caused deaths in Asian palm 
civets.° 
Several viral diseases of viverids have caused more limited out- 
breaks. Recently, pandemic flu (H1N1) caused clinical disease in a 
binturong.” An outbreak of cowpox virus in captive banded mon- 
goose showed high morbidity (100%) and mortality (30%), and the 
virus was later transmitted to humans.“ Masked palm civets (Paguma 
larvata) were found to be serologically positive for the coronavirus 
that caused severe acute respiratory syndrome (SARS) in people and 
were implicated as the source of the infection in humans. Experi- 
mental infection of palm civets resulted in clinical disease, suggesting 
that civets were not natural reservoirs for this agent. Subsequen 
investigations have shown that fruit bats are the natural reservoirs 
for this agent.” 

In young red pandas, dermatophytosis is an important disease. 
The disease is uniformly caused by Microsporum gypseum and 
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typically affects cubs less than 4 months of age. Signs include small 
areas of hair loss and crusting on the face, limbs, chest, and tail. 
Pruritus may be present. The lesions on the face and pavvs are usually 
not severe and respond to clipping, cleaning, and application of 
opical antifungal agents. Infections on the chest or tail may be severe 
and may progress rapidly to a purulent lesion covered with a crust 
(“kerion”). Lesions in these areas require more aggressive treatment. 
In addition to local treatment of lesions, as described above, systemic 
antifungal agents such as itraconazole (5-10 milligrams per kilogram 
mg/kg], orally [PO], every 12-24 hours [ql2-24h]), should be 
considered. 

Tyzzer disease is a systemic infection caused by Clostridium pili- 
formis and has been reported in two red pandas.*’ This species may 
be especially susceptible to this bacterium. 


Vaccination 


Procyonids and viverids may be safely vaccinated with a canarypox- 
vectored canine distemper vaccine manufactured for domestic ferrets 
(Purevax, Merial, Duluth, MN). The immunogenicity of this vaccine 
has been shown in mustelids and giant pandas. Although challenge 
studies have not been performed in procyonids or viverids, the 
author is unaware of clinical distemper in any of animals vaccinated 
with this product. Protocols for vaccination are similar to those for 
domestic dogs. 

Captive procyonids and viverids may be vaccinated with a killed 
rabies virus vaccine. Recommendations regarding vaccination for 
parvovirus infection are more variable. Raccoons and palm civets 
should definitely be vaccinated, with a killed virus vaccine, if avail- 
able. Vaccination of other procyonids and viverids for parvovirus is 
the decision of the attending clinician. Routine vaccination of red 
pandas against canine or feline parvovirus is not recommended at 
the time of writing this text. 


Parasites 


The most important parasite of the procyonids is the zoonotic ascarid 
Baylisascaris procyonis, which infects raccoons and kinkajous. This 
worm is rarely symptomatic in procyonids, but it may cause severe 
morbidity in humans and other hosts (e.g., parrots) because of larval 
migrans. Baylisascaris larva may cause impaired vision and blindness 
if it migrates to the eye in humans. Neurologic signs and even death 
may occur in people and other species if larvae migrate through the 
CNS. Most people affected by CNS larval migrans are children under 
5 years of age or mentally impaired individuals with a propensity to 
geophagia. 

Only a few cases of canine heartworm infections have been 
reported in raccoons, and they appear to be aberrant hosts for this 
parasite. Red pandas, however, do appear to be susceptible to infec- 
ion with the canine heartworm Dirofilaria immitis. The infection is 
usually asymptomatic and typically discovered by routine serologic 
screening. In areas with significant incidence of canine heartworm, 
most zoos put their red pandas on a routine heartworm prevention 
program. A monthly oral dose of ivermectin (0.05 mg/kg) is used at 
he authors zoo, throughout the year. Treatment of occult heartworm 
infections with melarsomine, at the recommended canine regimen, 
has been fatal in red pandas. No data could be found on canine 
heartworm infection in other procyonids or viverids. 

Tetrapetalonema sp. and Paragonimus sp. have been identified in 
captive binturongs in India. Coccidiosis (presumptively Eimeria pro- 
cyonis) and encephalitis induced by Sarcocystis neurona have also 
been reported in raccoons." 

In meerkat colonies, outbreaks of toxoplasmosis and microspo- 
ridiosis have been reported. Toxoplasmosis was characterized by 
respiratory distress and rapid death. Toxoplasma gondii-like organ- 
isms were found widely disseminated in the tissues at necropsy.'’ 
Toxoplasmosis has also been reported in raccoons, commonly as a 
concurrent infection with canine distemper. Microsporidiosis has 
caused neurologic signs and high mortality in meerkats. The out- 
break was caused by an agent structurally similar to Nosema 
cuniculi. 
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TABLE 49-6 
Scientific Name Common Name Neoplasm(s) Source(s) 
Procyon lotor Raccoon Pancreatic adenoma 10 
Astrocytoma 19, 26 
Thyroid adenocarcinoma with pulmonary metastases 27, 38 
Procyon cancrivorus Crab-eating raccoon Nasal carcinoma 25 
Nasua narica White-nosed coatimundi Nasal carcinoma 25 
Uterine adenocarcinoma 5 
Nasua nasua Ring-tail coatimundi Nasal carcinoma 25 
Potos flavus Kinkajou Nasal carcinoma 25 
Bassariscus astutus Ringtail cat Nasal carcinoma 25 
Ailurus fulgens Red panda Granulosa cell tumor 7. 
Squamous cell carcinoma ƏZ 
Thryoid carcinoma 32 
Hepatocarcinoma 32 
Lymphoma 32 
yelogenous leukemia 32 
Lymphoid leukemia 32 
Civettictis civetta African civet Hepatic carcinoma 25 
Viverra zibetha Large Indian civet Urinary bladder carcinoma 25 
Genetta genetta Genet Nasal carcinoma 25 
Liver carcinoma 25 
Cecal carcinoma 25 
Genetta tigrina Genet Cholangiocarcinoma 36 
Nandinia binotata African palm civet Hepatic angioma 28 
Hepatocellular carcinoma 28 
Lung carcinoma 25 
Paguma larvata White-whiskered palm civet Lymphosarcoma 25 
Arctogalidia trivirgata Small-toothed palm civet Hepatocellular carcinoma 36 
Arctictis binturong Binturong Renal adenocarcinoma 20 
Hepatocellular carcinoma 20 
Pancreatic islet carcinoma 20 
Adenoma of colon 7 
Mammary adenocarcinoma with metastases 2 
Sarcomatoid renal carcinoma 
Cholangiocellular carcinoma 30 
Fossa fossa Fanaloka Squamous cell carcinoma 28 
Paradoxurus hermaphrodites İndian palm civet Pancreatic adenocarcinoma 7 
Viverra tangalunga Civet Pulmonary carcinoma 7 
Suricata suricatta Meerkat Nasal squamous cell carcinoma 15 
Herpestes ichneumon Grey mongoose Lung carcinoma 25 
Cryptoprocta ferox Fossa Adrenal adenocarcinoma 28 
Hepatocellular carcinoma 28 


NONINFECTIOUS DISEASES 


Poor hair coat is a common condition in captive red pandas and 
occasionally in raccoons. Animals seem to have partial seasonal 
sheds or patchy hair coats, with hair loss usually starting in the 
caudal half of the body and extending to the tail. Dermatophytes 
have not been found in these animals. Hypothyroidism has been 
reported in one red panda, but thyroid hormone concentrations in 
most of these animals are within the reference intervals for domestic 
dogs and cats. In the majority of these cases, the problem seems to 
be seasonal and requires no treatment. 


Osteoarthritis is commonly seen in older procyonids, and chronic 
renal disease is frequently observed in aged red pandas. Hypertro- 
phic cardiac disease has been reported in kinkajous and binturong. 
Pancreatitis and trichobezoars have been observed in meerkats. 

Thyroid pathology has been reported at an unusual frequency in 
raccoons.” Early reports were from captive animals from Germany, 
but a recent report is of captive animals in North America.” One 
European study identified 77.5% of the raccoons necropsied as 
having thyroid lesions, almost half of which (15 of 31) were thyroid 
adenocarcinomas. Other thyroid lesions included follicular hyper- 
plasia (7 of 31), follicular adenomas (4 of 31), and colloid goiters (4 
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of 31). No thyroid pathology was found at necropsy of feral raccoons 
captured in the same region of the captive animals. The feral animals 
were, however, considerably younger than the captive animals exam- 
ined. One North American raccoon with thyroid carcinoma was 
obese and had a palpable cervical mass when examined.”” The ani- 
mals total thyroxin (TT4) concentrations were within domestic car- 
nivore reference intervals; thus this neoplasm was considered 
nonfunctional and similar to the thyroid carcinomas seen in domes- 
tic dogs. Another captive North American raccoon was obese, and a 
cystic thyroid gland was discovered during an attempt at jugular 
venipuncture. This animal had an increased TT4 concentration, and 
an excisional thyroid biopsy revealed adenomatous hyperplasia. The 
thyroid disease in this animal closely resembled that seen in older 
domestic cats. This animals hyperthyroidism remained even after 
surgery and was successfully managed for years with a topical 
methimazole gel.” 

Numerous neoplasms have been described in procyonids and 
viverids (Table 49-6), but as noted above, thyroid neoplasms in rac- 
coons are notable. A large number of nasal carcinomas described in 
procyonids and genets are all from a group of animals housed in the 
same building at the Philadelphia Zoo and was, no doubt, likely the 
result of an environmental issue.”” 


REPRODUCTION 


Temperate region species such as raccoons are seasonal animals, with 
breeding taking place in the late winter or early spring. Tropical 
species may be nonseasonal or have a seasonality based on rainfall 
rather than photoperiod. Red pandas in the Northern hemisphere 
mate in January or February and typically have their young in June 
or July. Breeding strategies in viverids are varied. Banded mongoose 
have an unusual strategy of synchronized parturition, where all 
young in a colony are born within a very short period. 

Cystic endometrial hyperplasia has been seen spontaneously in 
raccoons and in a coati implanted with synthetic progestins. »'* Ovar- 
iohysterectomy and castration are the contraceptive methods with 
the best efficacy and the least adverse effects. A current area of 
investigation in procyonid contraception is use of gonadotropin- 
releasing hormone (GnRH) implants. 
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BIOLOGY 


Bears are mammals within the order Carnivora of the divergent 
family Ursidae and are geographically widespread within North and 
South Americas, Europe, and Asia. Within Ursidae, eight species of 
bears exist in three different subfamilies: Ursinae, Tremarctinae, Ailu- 
ropodinae (Table 50-1). The recognition of the giant panda (Ailu- 
ropoda melanoleuca) as an early divergent from the bear family is now 
accepted. The subsequent phylogenetic divergence of the spectacled 
bear (Tremarctos ornatus) to the giant panda, and the grouping of the 
brown bear (Ursus arctos) and the polar bear (Ursus maritimus) have 
been accepted. Bears occupy a wide range of ecologic niches from 
the arctic ice to the tropical rainforests. Wild bears are generally 
diurnal but may be active during the night (nocturnal) or twilight 
(crepuscular). Bears have an excellent sense of smell and some are 
very adept climbers and swimmers. 

All bears have been threatened by human encroachment into 
their habitats and the illegal trade of bears and bear parts, including 
the Asian bear bile market. One of the greatest threats to bears is 
human-imposed environmental alterations such as global warming, 
chemical pollution, and deforestation. Current and future global 
climate changes are expected to pose greater risks, particularly for 
the polar bear, because of their reproductive life history traits, 
including seasonality. Consequently, six of eight species are currently 
facing the risk of extinction, with the International Union for the 
Conservation of Nature and Natural Resources (IUCN) classifications 
ranging from Endangered to Vulnerable. The IUCN lists all bears 
except the brown bear and the American black bear as vulnerable or 
endangered, with the brown bear at risk of extirpation in many range 
countries. The long-term conservation of small, isolated, and increas- 
ingly human-impacted bear populations will require innovative, 
pragmatic, and site-specific approaches. 


UNIQUE ANATOMY 


Common characteristics of bears include a large body with stocky 
legs, a long snout, plantigrade paws with five non-retractile claws, a 
short tail, and relatively small eyes. Bears generally have brown, 
black, or white fur of variable length. Many species have white or 
yellow crescent-shaped markings on the chest thought to be a social 
signal that may be best seen when bears stand bipedally, as during 
aggressive encounters or during periods of alert. Bears may become 
bipedal opportunistically and have been known to carry their young 
in this way in captivity. The mammae are pectoral. The gastrointes- 
tinal (GD) tract is simple. The distal segment of the intestine is 
marked only by a change in mucosa, and no cecum is present. 
Kidneys are lobular or reniculate in structure. In place of a renal 
pelvis, the major calyces drain the minor calyces of each reniculus 
and join at the proximal end of the ureter. 

Unique intraoral epipharyngeal pouches occur in bears as 
bilateral tubular diverticulations of the caudodorsal pharyngeal 
wall, which are lined with a respiratory-like epithelium and a 
thick layer of elastic fibers that suggest a role in phonation. 
Bears vocalize using grunts, growls, moans, tongue clicks, blowing, 
and teeth clacking, and giant panda vocalizations are described more 
as bleats, barks, and honks. The nursing sound of bear cubs is 
described as a pulsed “humming” vocalization and thought to be a 
comfort sound that might stimulate milk release by the lactating 
female.'’ 
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The giant panda possesses a larger radial sesamoid bone com- 
pared with that found in other bear species. This specialized bone 
articulates with the radial carpal and first metacarpal bone and sup- 
ports the associated pad and muscle attachments. Such an adaptation 
provides for the gripping mechanism created by the opposing pads 
of the other four digits during flexion to manipulate objects such as 
bamboo. 

Bears generally have elongated crushing premolar (P) and molar 
(M) teeth with a dental formula: incisors (I) 3/3, canines (C) 1/1, P 
4/4, M 3/3. In the giant panda it is: 1 3/3, C 1/1, P 4/4, M 2/2. Pat- 
terns of craniodental variation in the skulls of bears, as relating to 
their diet and feeding behavior, reflect dietary adaptations of teeth 
and the biomechanical properties of the skull, jaw, and related mus- 
culature.” As carnivores, polar bears are distinguished by molar size 
reduction, flexible mandibles, relatively small carnassial blades, and 
rounded canines. In contrast, giant pandas, as herbivores, have large 
molar grinding areas, rigid mandibles, large carnassial blades, and 
relatively reduced canines. The insectivorous sloth bear has only four 
upper incisors, with the sizes of post-canine teeth being reduced, 
and a vaulted hard palate to facilitate feeding by suction. The remain- 
ing species, which are omnivores, have a dental morphology inter- 
mediate between those of carnivorous and herbivorous species, with 
mediolaterally compressed, bladed canine teeth and relatively large 
molar grinding surfaces. Sloth bears and sun bears have soft tissue 
adaptations related to their insectivorous diet, including long tongues 
and flexible nares, with reduced hair on the muzzle. 


SPECIAL PHYSIOLOGY 


Physiologically, bears are remarkable mammals. Wild bears in the 
Northern Hemisphere during winter months will experience a period 
of dormancy or torpor, similar to hibernation, a unique state of 
energy conservation in response to harsh climatic conditions and 
food scarcity. This dormancy is characterized by inactivity and a 
lowered metabolic rate, prolonged complete or partial cessation of 
food and water intake, and absence of defecation or urination, with 
the possibility of arousal when disturbed. The body temperature of 
bears does not decrease dramatically during denning. The majority 
of the energy to support these activities is derived from lipid stores. 
Pregnant females will also give birth and lactate during this dor- 
mancy period. In polar bears, only the pregnant female will undergo 
his winter denning, and polar bears of either sex may go into torpor 
during the arctic summer when food is scarce. In captivity, mos 
emperate species lay down fat in the autumn, and winter seasona 
food intake is typically decreased with periods of decreased physica 
activity. This seasonal period of dormancy may be induced in captiv- 
ity by a controlled decrease of food and hydration and by lowering 
he ambient temperature.” Hibernating brown bears evaluated by 
ultrasonography showed heart rates that were significantly lowered 
from active to hibernating states, with no difference in diastolic and 
stroke volume parameters.*' Observed changes in reduced atrial 
chamber function were proposed as the major adaptation during 
hibernation; this adaptation allows the myocardium to conserve 
energy, avoid chamber dilation, and remain healthy during this pro- 
longed period of extremely low heart rates. Urea is hydrolyzed, and 
nitrogen is processed into amino acids, which enter protein synthesis 
pathways at an accelerated rate.”” As a result, blood urea does not 
build up despite the absence of urination. These changes occur 
independent of gender and reproductive or lactational status. 


TABLE 50-1 


Scientific Name Common Name 


niormatıon of Bear 3rde arnivor Fam 


Adult Mass (kg; Male/Female) 
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Geographic Distribution 


Ursus americanus American black bear 


60-225/40-150 


North America 


Ursus thibetanus Asiatic black bear 


110-150/65-90 


Central, Eastern, and Southeastern Asia 


Ursus arctos Brown or grizzly bear 150-750 


Europe, Asia, and North America 


Ursus maritimus Polar bear 400-500/150-300 Artic regions of Eastern Asia and North America 
Helarctos malayanus * Sun bear 27-65 Southeast Asia 

Melursus ursinus Sloth bear 55-145 Southern Asia 

Tremarctos ornatus Spectacled bear 140/60 Andes mountains of South America 

Ailuropoda melanoleuca Giant panda 75-160 Central China 


“Sun Bears on Borneo (Helarctos malayanus euryspilus) are sufficiently different from those on the Asian mainland and Sumatra, representing the typical 


form (H. m. malayanus), to warrant subspecific differentiation.”” 


Delayed implantation, or embryonic diapause, is a reproductive 
strategy used by bears whereby the embryo (blastocyst) does not 
immediately implant in the uterus and is maintained in a state of 
suspended dormancy. Obligate diapause is also known as seasonal 
delayed implantation and is a mechanism that allows mammals to time 
he birth of their offspring for favorable environmental conditions. 
Little to no development takes place while the embryo remains 
within the uterine lumen and unattached to the uterine wall. As a 
result, the normal gestation period may be extended for a species- 
specific period. Although much of the molecular regulation involved 
in activating dormant blastocysts has been characterized, little is still 
known about the initiation of embryonic diapause, and the condi- 
tions which enable a blastocyst to remain dormant. 


HOUSING REQUIREMENTS 


Careful consideration should be given to habitat and off-exhibit 
housing design to meet the physical, social, behavioral, and psycho- 
logical needs of the bear species being housed. Bears should be 
displayed, whenever possible, in exhibits replicating their wild 
habitat and in numbers sufficient to meet their social and behavioral 
needs. With the aid of innovative exhibit designs, different feeding 
strategies, appropriate use of environmental enrichment, and the 
development of a cooperative husbandry training program, all bear 
species may be housed in a dynamic and stimulating environment 
that maximizes their welfare and decreases the potential for the 
development of stereotypical behaviors. 

Given the polar bears threatened status under the U.S. Marine 
Mammal Protection Act, additional laws, regulations, and standards 
of care must be followed. ° Institutions should be familiar with these 
regulations, have access to the documents containing these regula- 
tions, and, where appropriate, fully comply with the standards of 
care detailed within them. Regulations pertaining to polar bear 
captive housing are also contained within the U.S. Department of 
Agriculture (USDA) Animal Welfare Act (AWA) and the Manitoba 
Polar Bear Protection Act (PBPA).'** Institutions seeking to acquire 
or holding polar bears from the Manitoba region are subject to the 
regulations stated in the PBPA, with the caveat that all institutions 
housing polar bears should be aware of and consider the manage- 
ment and housing approaches described. 

The USDA AWA Animal Welfare Regulations mandate that polar 
bear primary enclosures housing polar bears consist of a pool of 
water, a dry resting and social activity area, and a den.' Minimum 
specifications for each enclosure feature are stated within the AWA 
Regulations. For example, the pool of water should have a minimal 
horizontal dimension of not less than 2.44 meters (m; 8 feet [ft.]) 
and a surface area of at least 8.93 square meters (96.0 square feet) 
with a minimum depth of 1.52 m (5 ft.), excepting entry and exit 


areas. A pool of this size should be adequate for two polar bears. 
Records must be kept of water quality assessments, with weekly 
water samples required for coliform counts and daily samples for 
measuring pH and any chemical additives used to maintain water 
quality standards. Water quality records must be maintained for 1 
year documenting the time of sample collection, with the results 
being made available for USDA inspection purposes when requested. 
USDA regulations require that visual health inspections of polar 
bears be conducted by the institutions animal care staff at least every 
6 months and that a general overall visual health assessment be made 
and recorded in each animal’s health record. 

Males and females of all bear species may typically be housed 
together through the year, with males routinely denied access to 
females prior to denning for the birth of cubs. Decisions to introduce 
bears for breeding are based on the temperaments of individua 
bears, with careful consideration being given to signs of progressive, 
positive, affiliative interactions observed. Facilities should allow for 
a range of physical contact situations, beginning with limited physi- 
cal contact through smaller mesh to widely spaced bars that allow 
the bears to physically reach through and touch each other. Bear 
introductions may be aggressive, so full contact introductions should 
be coordinated with veterinary staff members present or immediately 
available. Cubbing dens, which are appropriately sized according to 
species, are confined spaces that are adjacent to larger holding areas 
in which the female may move around and give birth. Remote moni- 
toring of the den via low-level lighting video cameras and micro- 
phones, with remote temperature sensors is recommended. 
Accommodations for supplemental heat are not typically required 
inside the den, as heavy bedding may provide for any necessary 
insulation for the female and the cubs. 


FEEDING 


Diet formulations should address the bear's nutritional needs, feeding 
ecology, and individual and natural histories to ensure that species- 
specific feeding patterns and behaviors are stimulated. In the wild, 
most bear species are opportunistic omnivores consuming a wide 
variety of food items depending on seasonal abundance; dietary 
niche specializations rely on variable seasonal availability of insects, 
fruits, and plants. The polar bear is mostly carnivorous with occa- 
sional consumption of plant matter and the giant panda feeds almost 
entirely on bamboo, but the remaining six species are classified as 
omnivorous. The giant panda is a strict herbivore, existing on a diet 
of bamboo and, unlike most herbivores, does not rely on microbial 
breakdown of plant material. Bamboo shoots and roots make up 
most of the diet, and the panda is adapted to consume large quanti- 
ties of this poor protein source. The sloth bear and the sun bear are 
adapted to insectivory and feed on termites and other insects in the 
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wild. In captivity, sloth bears and sun bears are typically fed diets 
similar to those of other bear omnivorous species. 

In captivity, bears are typically fed mixtures of commercial dog 
food, carnivore-based diets, and produce. Institutions should deter- 
mine seasonal diet changes on the basis of regular visual assessment 
of body condition, body weight trends, and activity of the bears. 
Obesity may be a common nutritional problem in captive bears. 
Body condition scoring is a subjective assessment of the relative 
amount and distribution of body fat to muscle and provides for a 
common language when monitoring body weight and condition over 
time. A useful standardized fat index for body scoring polar bears 
used by field biologists has validated scores against actual body 
weights. ” 

Feeding schedules to facilitate shifting or other management 
needs should be supplemented by irregularly timed feeding oppor- 
tunities and placing foods in novel locations within the exhibits. 
Scatter feeding, feeding smaller amounts more often, and using 
enrichment devices that dispense food or live insects may decrease 
stereotypical behaviors and provide important physical activity and 
psychological enrichment. The caloric content for the amounts of 
enrichment foods such as skins and bones with marrow should be 
actored into the overall diet. 
All new diet items should be monitored closely when first pro- 
vided. The food type, presentation, and order of offering may have 
implications for dental health in bears when considering how to 
minimize the organic buildup that may contribute to dental health 
issues. Food items that are soft should be fed first and items such as 
bones, fish, or those with hair and skin should be offered last to help 
remove soft and sticky foods from teeth. Synthetic hard bones, ice 
blocks, and hard frozen food items may contribute to tooth damage, 
and their use should be monitored. 

The proper handling and processing of meat and fish products 
and meat processed on site must follow all USDA standards.” 
Because of the presence of fish in many polar bear diets, institutions 
may supplement polar bear diets with thiamin and vitamin E. This 
perceived need for supplementation is based on the knowledge that 
thiamin and vitamin E are broken down in stored, frozen fish. 
Supplementation of thiamin and vitamin E is based on diets that 
contain greater than 30% fish. If the diet contains less than 30% fish, 
then other nonfish food items may be providing the needed nutri- 
ents. A safe approach is to supplement the fish portion of the diet 
at 30 milligrams (mg) thiamin and 100 international units (1U) 
vitamin E per kilogram of frozen fish. 


RESTRAINT AND HANDLING 


Bears should be considered dangerous and typically require chemica 
immobilization for safe handling and physical examination. Bear 
cubs weighing less than 25 kg may be physically restrained with nets 
or blankets for limited physical examination. Training may facilitate 
diagnostic examinations, and bears may be trained for nonpainfu 
and minimally painful veterinary procedures such as venipuncture, 
injections, ultrasonography, inspection of teeth and feet, radiography, 
and wound cleaning, without the need for anesthesia or physica 
Testralmnt 62937 


Chemical Restraint 


Captive bears are not prone to complications during anesthesia 
because of proven chemical restraint agents, typically known medical 
histories, and reliable body weight estimates. A careful visual exami- 
nation should be performed prior to any anesthesia event. Bears are 
usually isolated individually into separate enclosures without climb- 
ing structures prior to chemical immobilization. Bears are monogas- 
trics and may be prone to vomiting upon induction or regurgitation 
during anesthesia. Recommended food and water fasting times for 
healthy bears is 12 hours. Providing honey as a distraction technique 
used for darting or hand injections may facilitate calm inductions. 
Volume limitations for darting may necessitate the use of potent drug 
combinations for larger brown bears and polar bears. Many bear 


species demonstrate seasonal variation in body weight with the 
deposition of a thick layer of fat over the hindquarters during the 
winter months, making the shoulder area the preferred location for 
dart placement. Polar bears may have a thick layer of fat at any time 
of the year, and the shoulder or neck may be targeted and longer 
needles used for intramuscular injections. 

A variety of agents, combinations, and dosages have been used 
to immobilize captive and wild bears effectively (Table 50-2).°?*** 
The selection of induction agents is typically based on volumes 
accommodated by the darting systems available. Considerable varia- 
tions in the doses and combinations of induction agents used for 
wild bears, compared with those used in captive bears, tend toward 
increased doses used in wild bears to compensate for unknown 
weights and to increase the odds of a quick induction. Most immo- 
bilization regimens have consisted of a combination of a dissociative 
agent and an o-agonist or benzodiazepine. 

Lyophilization of ketamine and its reconstitution at a concentra- 
ion of 200 milligrams per milliliter (mg/mL) permits the immobili- 
zation of larger specimens with most darting systems. Ketamine (2.2 
milligrams per kilogram [mg/kg], intramuscularly [IM]) may be used 
o supplement any immobilization regimen if anesthesia time needs 
o be prolonged. A combination of tiletamine and zolazepam is also 
used commonly to immobilize bears. This combination has the 
advantages of being more potent, on a milligram-per-kilogram basis, 
han ketamine and being available in a powder form. The combina- 
ion may be reconstituted with variable quantities of diluent, or 
another immobilization agent, providing effective doses in small 
volumes. Flumazenil used to reverse the zolazepam effects of this 
combination may reduce the anesthesia recovery time. 

Medetomidine and xylazine are commonly used as O-agonists in 
combination with a dissociative agent for immobilizing bears to 
achieve a reliable state of analgesia. Both have advantages as they are 
commercially available in concentrated forms for dart delivery, are 
reversible with yohimbine, tolazoline, or atipamezole, and are non- 
narcotic drugs. Medetomidine is 10% more potent than xylazine and 
has a higher 0)-agonist receptor affinity that produces sedation and 
analgesia. Spontaneous muscle contractions and partial arousal may 
be seen in some animals sedated with medetomidine. 

Etorphine and carfentanil, ultrapotent opioids, have been used 
variably to immobilize a number of bear species.”” The advantages 
of these opioids are the small doses and thus small volumes required 
and their effects being fully reversible with opioid antagonists. The 
disadvantages of opioids are profound respiratory depression and 
concerns about the risk for accidental injection of the personne 
involved. Both these disadvantages have resulted in limited use of 
opioids in bears. Carfentanil, as an induction agent, is mixed with 
honey or syrup and given slowly to increase mucosal absorption; it 
has also been administered orally for transmucosal absorption to 
immobilize black, brown, polar, and spectacled bears.” An opioid 
antagonist is delivered via darting, 20 to 25 minutes after carfentanil 
administration, in conjunction with a combination of a dissociative 
agent and @,-agonist for sustained immobilization. 

For prolonged procedures, inhalation anesthetic agents may be 
used. Young animals may be induced via a face mask. An endotra- 
cheal tube typically is placed, with the bear in ventral, dorsal, or 
lateral recumbency, and is used to maintain anesthesia. Throughout 
the interval of anesthesia maintenance, measurement of vital signs 
and full physiologic monitoring, including electrocardiography 
(ECG), pulse oximetry, evaluating end-tidal carbon dioxide, and 
tracking blood pressure noninvasively using a cuff around a forelimb, 
are continuously performed. Body temperature monitoring is vital 
in the larger species, as hyperthermia may occur. Recovery should 
be monitored closely, and antagonists should always be used, if 
available. 


DIAGNOSTICS 


The use of positive reinforcement training may enable many non- 
painful and minimally painful veterinary procedures such as 
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TABLE 50-2 
Dose Reversal Agent/Dose 
Generic Name Trade Name (mg/kg, IM)* (mg/kg, IM)* Source Comments and References 
Tiletamine-zolazepam Telazol 3-9 Flumazenil T = Fort Dodge All species 
0.01 mg/kg, IV F = Romazicon, Flumazenil typically delivered 
Genentech USA after 30 minutes of 
anesthesia time 
Typical prolonged recovery 
time 
Tiletamine-zolazepam ` Domitor 0.5-2 Flumazenil A = Antisedan, Pfizer 
Medetomidine 0.01-0.06 Atipamezole 
0.2 mg/kg, IV 
Tiletamine-zolazepam Ketaset Flumazenil K — Fort Dodge All species 
Ketamine Use ketamine to 
reconstitute Telazol 
Ketamine reduces typical 
prolonged recovery time 
of Telazol 
Ketamine 5-10 None Ketamine used alone rarely 
used 
Ketamine Rompun 4-11 Yohimbine 0.11 mg/kg, K = Fort Dodge Xylazine may induce 
Xylazine 0.6-0.11 İV, or Y, T = Lloyd respiratory depression, 
Tolazoline 2-4 mg/kg, Laboratories monitor closely 
IV/IM 
Ketamine 1.5-3 Atipamezole Medetomidine induced 
Medetomidine 0.02-0.04 hypotension controlled by 
50% reversal given 
Ketamine Versed 2.5-4 Flumazenil Used successfully in sloth 
Medetomidine 0.035-0.075 bears, spectacled bears, 
Midazolam 0.05-0.09 American black bears, and 
polar bears 
Ketamine 2.5-4 Flumazenil 
Midazolam 0.05-0.09 
Ketamine Valium 5-7 Flumazenil 
Diazepam 0.13 
Etorphine Immobilon 0.02—0.06 E = Wildlife Reported use in American 
Pharmaceuticals black bears, brown bears, 
and polar bears’ 
Carfentanil Wildnil 5.4—7.6 ug/kg Naltrexone 100:1 C = Wildlife Reported use in American 
6.8-18.8ug/kg POT Pharmaceuticals black bears, brown bears 
and polar bears’ 
Carfentanil 1.2 ug/kg Naltrexone 100: 1 Reported use in American 
Xylazine 0.3 black bears, brown bears 
and polar bears’ 
Carfentanil 0.012 Naltrexone 100:1 Reported use in American 
Xylazine 0.3 black bears, brown bears 


and polar bears’ 
a a ————£—————£5o— ee ts 


*All immobilization agents are given as intramuscular dosages unless otherwise indicated. 

TDelivered for oral—transmucosal absorption. 

IM, Intramuscularly; IV, intravenously; “g/kg, microgram per kilogram; mg/kg, milligram per kilogram. 

Fort Dodge Animal Health; Fort Dodge, lowa; Lloyd Incorporated; Shenandoah, lowa; Pfizer, Inc.; Exton, Pennsylvania; Genentech USA, Inc., San Fran- 
cisco, CA; Wildlife Pharmaceuticals, Inc.; Fort Collins, Colorado. 


inspection of teeth and feet, radiography, ultrasonography, cleaning 
of wounds, injections, and blood sampling, without the need for 
anesthesia or physical restraint. Diagnostic procedures for bears are 
generally similar to those used for domestic dogs and easily adapted 
for use in bears. Blood is readily obtained from the jugular vein or 


the cephalic vein in neonates and adults. The jugular and femoral 
veins are useful for large-volume blood collection. Catheter place- 
ment and stabilization during procedures is most suitable in the 
cephalic or lateral saphenous vein. The dorsal venous plexus of the 
forepaws is superficial and of sufficient size to allow for 
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TABLE 50-3 
J 


” ` € ami 
VICImDerSs LIC Family 


Spectacled 


American 
Parameter Black Bear” Brown Bear" Polar Bear” Sun Bear” Sloth Bear” Bear” Giant Panda” 
Red blood cell count 7.49 6.33 6.83 5.97 5.85 8.46 6.25 
(x107/uL) (4.81-9.88) 4.32-8.35) 4.53-8.67) (4.42-7.88) (4.39-7.38) (6.50-10.44) (4.57-7.73) 
Hematocrit (96) 45.0 45.8 44.0 41.3 44.9 41.2 35.3 
32.3-57.5 32.6-57.6) 30.5-55.6) (30.8-53.9 (35.5-53.2) 30.7-52.5) (26.8-43.5) 
Hemoglobin (g/dL) 15.7 16.4 15.6 14.5 15.7 14.6 12.6 
11.2-19.7) 12.1-21.1) 11.3-19.3) (10.5-19.1 (11.1-19.3) 11.2-18.1) (9.5-15.4) 
MCV (fL) 59.8 72.6 64.9 70.0 76.5 48.2 58.3 
50.7-67.9) 62.1-81.9) 56.4-73.1) (61.0-81.1 (68.6-84.6) 36.0-57.2) (51.4-64.9) 
MCH (pg) 21.0 26.1 23.0 24.6 27.2 17.2 20.3 
17.3-23.8) 21.3-29.7) 20.2-25.3) (21.4-27.2 (24.3-30.6) 14.4-19.4) (18.6-22.0) 
MCHC (g/dL) 35.0 36.0 35.3 35.0 34.9 35.4 35.2 
31.0-38.8) 32.6-39.5) 31.6-39.0) (28.0-39.8 (30.7-40.4) 29.6-42.2) (31.0-39.0) 
White blood cell count 8.20 8.04 9.23 10.52 11.46 6.34 7.87 
(x10°/uL) (4.26-15.17) (4.03-14.18) (4.77-15.91) (5.84-17.43) (5.30-22.14) (3.59-10.34) (2.41-12.43) 
Neutrophils (x10°/uL) 5.32 5.33 6.28 7.45 8.39 4.36 4.54 
(2.36-9.83) (1.96-10.05) (2.30-11.37) (3.47-13.74) (3.62-18.09) (1.23-7.53) (0.00-9.75) 
Band neutrophils 0.04 0.04 0.04 0.05 0.06 0.03 0.74 
(x10°/uL) (0.02—0.09) (0.01—0.08) (0.02—0.10) (0.03—0.12) (0.03-0.12) (0.01—0.05) (0.00—0.64) 
Lymphocytes (x10°/uL) 1.70 1.55 1.51 1.92 1.64 1.27 1.69 
(0.40-3.52) (0.33-4.28) (0.50-3.39) (0.44—4.49) (0.33-3.43) (0.34-3.12) (0.15-3.16) 
Eosinophils (x10°/uL) 0.750 + 1.035 579 688 549 1027 398 353 
(0.012-8.979) (44-1639) (82-2230) (69-1877) (125-3949) (51-1220) (0-913) 
Monocytes (x10°/mL) 331 434 553 503 494 184 370 
(56-943) (65-1218) (109-1464) (91-1384) (106-1303) (45-521) (0-814) 
Basophils (x10°/uL) 38 — — — — 122 — 
(0-105) — — — = (0-303) = 
Platelets (x10°/uL) 390 352 407 518 487 515 552 
(112-687) (115-595) (169-649) (167-871) (207-799) (166-840) (331-787) 


*Data from From Teare JA, ed: 2013, “Ursus_americanus_ Ursus_arctos_ Ursus maritimus_ Helarctos_malayanus_ Melursus_ursinus_Tremarctos 
_ornatus_Ailuropoda_melanoleuca_No_selection_by_gender__All_ages_combined_Standard_International_Units__2013_CD.html” in ISIS Physiological 
Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, Bloomington, MN. 
MCV, Mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration. 


venipuncture, even in the awake bear when training for voluntary 
venipuncture. 

Whole body radiography, including head, thoracic, abdominal, 
and extremity views, is challenging in larger bears because of size, 
as multiple exposures to cover the entire area are usually necessary 
and anesthesia time to procedures is increased. Baseline radiographic 
examinations are recommended during the quarantine period and 
during examination of otherwise healthy bears. It is challenging to 
ensure that the x-rays penetrate the abdomen of an adult polar bear 
or brown bear to obtain high-quality, diagnostic films. Ultrasonog- 
raphy in larger patients is challenging but is easier and routinely 
performed in the smaller species. Endocavitary probes are commonly 
used rectally for imaging the reproductive tract. Joints and teeth are 
also common sites radiographed in bears. 

Hematology (Table 50-3) and serum biochemistry (Table 50-4) 


DISEASES 


In one North American study of 50 institutions, in which the mor- 
bidity and mortality rates of bears in captivity were compiled and 
analyzed, integumentary diseases (54 of 512), gastrointestinal dis- 
eases (45 of 512), and ocular diseases (17 of 512) comprised the 
largest proportion of diseases in the adult age group.’ Skin diseases 
predominately were of a parasitic or fungal etiology. GI disease, 
including neoplasia, GI volvulus, inflammatory bowel disease, and 
GI obstructions, was another major disease category reported. 


Infectious Diseases 


A number of infectious agents have been reported to affect bears 
(Table 50-5). Antibodies to a wide variety of viruses (avian influenza 


reference values for bears have been determined through compila- 
tion of MedARKS records from multiple institutions. In general, 
no remarkable differences exist between species of bears, and 
the reference values follow trends seen in other carnivores and 
domestic dogs. 


virus, bluetongue virus, canine parvovirus, and Eastern, Western, 
and Venezuelan equine encephalitis viruses) have been detected in 
bears, without associated clinical disease.” Canine adenovirus 1 
(CAV-1), the agent for infectious canine hepatitis (ICH), has been 
isolated from captive American black bears exposed to canids.” 
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TABLE 50-4 


American Spectacled 
Parameter Black Bear” Brown Bear” Polar Bear” Sun Bear” Sloth Bear” Bear” Giant Panda” 
Total protein (g/dL) 7.5 7.3 7.9 7.2 7.0 75 6.3 
(5.9-8.9) (5.7-8.9) (5.5-9.9) (6.2-8.2) (5.8-8.3) (6.0-8.7) (5.3—7.3) 
Albumin (g/dL) 4.0 4.0 4.0 3.3 3.6 4.1 3.4 
(1.9-5.3) (2.6-5.3) (3.0-5.0) (2.6-4.3) (2.0-4.6) (3.0-4.9) (2.6-4.4) 
Globulin (g/dL) 3.4 3.3 3.9 3.9 3.5 3.4 2.7 
(2.0-5.3) (2.2-4.9) (2.0-6.4) (2.8-5.0) (2.6-5.0) (2.3—4.5) (1.1-4.7) 
Calcium (mg/dL) 9.3 9.6 9.2 9.3 9.3 9.2 9.1 
(7.9-10.7) (8.1-11.1) (7.9-10.8) (8.2-10.7) (8.2-10.7) (8.0-10.4) (7.4—10.7) 
Phosphorus (mg/dL) 5.8 5.4 6.3 5.3 5.4 4.8 5.2 
(4.2-8.7) (3.8-8.7) (4.4-9.6) (3.8-7.7) (3.5-8.8) (2.9-6.7) (3.5-6.8) 
Sodium (mEq/L) 139 137 139 139 139 139 129 
(132-148) (129-146) (129-150) (132-148) (130-147) (131-151) (121-136) 
Potassium (mEq/L) 4.6 4.5 4.3 4.6 4.4 4.1 5.2 
(3.8-5.6) (3.9-5.2) (3.5-5.3) (3.8-5.4) (3.6-5.3) (3.2-5.0) (4.1-6.3) 
Chloride (mEq/L) 103 103 104 108 108 104 99 
(96-111) (97-110) (95-113) (101-117) (102-115) (96-112) (92-105) 
Creatinine (mg/dL) 1:9 1.6 1:2 1.4 1.9 11.7 12 
(0.7-3.2) (0.4-3.3) (0.5-2.1) (0.7-2.3) (0.8-3.0) (0.9-2.5) (0.6-1.7) 

Urea nitrogen 17 19 20 17 18 13 16 
(mg/dL) (6-30) (7-35) (5-40) (8-32) (8-34) (5-23) (2-27) 

Cholesterol (mg/dL) 277 269 300 244 232 357 195 

(150-451) (184-425) (180-434) (136-376) (142-317) (235-505) (80-289) 

Glucose (mg/dL) 101 119 120 95 98 95 77 

(47-189) (62-205) (68-198) (55-158) (52-185) (49-183) (21-125) 
Total bilirubin (mg/dL) 0.2 0.2 0.2 0.2 0.2 0.2 0.1 

(0.0-0.6) 0.0-0.6) (0.0-0.6) (0.0-0.5) (0.0-0.4) (0.0-0.6) (0.0-0.2) 
Direct bilirubin (mg/dL) 0.0 0.0 0:1 0.1 — 0.0 — 

0.0-0.2) 0.0-0.1) (0.0-0.2) (0.0-0.2) m (0.0-0.1) m 

Indirect bilirubin (mg/dL) 0.2 0.1 0.1 0.1 — 0.1 — 

0.0-0.5) 0.0-0.3) (0.0-0.3) (0.0-0.3) — — — 

Alanine 47 49 33 54 25 30 72 
aminotransferase 42-205) 17-118) (12-69) (20-115) (11-43) (8-70) (23-119) 
(IU/L) 

Aspartate 95 83 75 105 101 36 66 
aminotransferase 42-205) (35-153) (34-153) (49-205) (43-151) (11-74) (4-116) 
(IU/L) 

Alkaline phosphatase 29 39 51 69 26 40 142 
(IU/L) (5-87) (7-114) (11-150) (21-175) (8-72) (13-105) (28-229) 


“Data from From Teare JA, ed: 2013, “Ursus_americanus_ Ursus_arctos_ Ursus maritimus_ Helarctos_malayanus_ Melursus_ursinus_Tremarctos 
_ornatus_Ailuropoda_melanoleuca_No_selection_by_gender__All_ages_combined_Standard_International_Units__2013_CD.htm!” in ISIS Physiological 
Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, Bloomington, MN. 


Exposure of brown bears and polar bears to CAV-1 has also been 
reported.” Clinical signs include anorexia, lethargy, hindlimb 


observed within and near the exhibit were suspected as sources of 
infection. 


ataxia, seizures, paralysis, corneal opacity, and death despite prior 
vaccination. Those that survived the infection had neurologic signs 
and lethargy for nearly 3 months. Serologic examination of wild 
North American brown bears shows 12% to 16.5% of the samples 
to be positive for ICH antibodies. Antibodies to ICH have been found 
in captive and giant pandas in China. Exposures to domestic dogs 
are suspected as one potential source of ICH viral exposure. Two 
cases of CAV-1 also occurred 5 years apart in two captive 
Malayan sun bears.”” Although the two cases did not overlap in the 
lifetimes of these bears, each did have contact with an asymptomatic 
conspecific that shared the same exhibit. Skunks and raccoons 


Canine distemper virus (CDV), a member of the genus Morbillivi- 
rus, has been reported in bears.'' Antibodies to morbillivirus have 
been found in polar bears, brown bears, and American black bears 
but without evidence of clinical disease. Canine distemper is 
reported to have caused the death of three neonate polar bears 
and a spectacled bear at a European zoo. In contrast to other 
members of this family, the giant panda appears uniquely susceptible 
to CDV.” 

Equine herpesvirus 9 (EHV-9) was identified in a captive polar 
bear with a progressive encephalitis with the source being traced to 
Grevy’s zebras, a potential equid reservoir species.” In this case, 
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TABLE 50-5 

Disease Causative Agent Species Affected Clinical Signs Management 
VIRAL 

Pseudorabies Suid herpesvirus type 1 Polar, Asiatic black, American Death, tremors, incoordination, | Acyclovir 


black, and brown bears 


and aggression 


West Nile virus 


West Nile virus 


Polar and American black 


Neurologic deficits 


Prevention: vaccination 


disease bears 
Equine herpesvirus EHV-1, EHV-9 Polar and American black Death, seizures Supportive care 
bears Pest control 
Eliminate shared water 
sources 
Rabies Rabies virus Polar and American black Paralysis and aggression Prevention: vaccination 


bears 


Infectious canine 
hepatitis 


Canine adenovirus type 1 


American black bears and 
brown bears 


None 


Canine distemper 
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Prevention: vaccination 


BACTERIAL 

Yersiniosis Yersinia enterocolitica Giant panda Diarrhea — 

Listeriosis Listeria sp. Giant panda and brown bear Variable — 

Campylobacteriosis Campylobacter jejuni Giant panda Hemorrhagic diarrhea Ampicillin 

Dermatophilosis Dermatophilus Polar bear Dermatitis Tetracycline 
Congolensis 

FUNGAL 

Blastomycosis Blastomyces dermatitidis Polar bear Pleuritis and pneumonia Itraconazole 

PARASITIC 

Toxoplasmosis Toxoplasma gondii Brown bear Death; lethargy, anorexia, Sulfamerazine and 


diarrhea 


pyrimethamine 


EHV-9 infection induced muscle tremors that advanced to general- 
ized seizures and were refractory to treatment; ultimately, this polar 
bear was euthanized.'* The polar bear had no direct contact with the 
animal point source. A recombinant zebra herpesvirus induced a 
fatal encephalitis in captive polar bears at a different institution.” 
Immunohistochemistry with a polyclonal antibody reactive to several 
equine herpesviruses was positive within the affected areas of the 
brain and a polymerase chain reaction (PCR) test conclusively dem- 
onstrated the presence of only EHV-9. An asymptomatic infection in 
one polar bear with the EHV-1 recombinant zebra virus was described 
in this same report. An EHV-1 infection related to domestic horse 
strains was also shown to cause fatal encephalitis in American black 
bears.’ Fatal herpesvirus encephalitides derived from interspecies 
transmission underscores the need for extreme caution when placing 
zebras or other equine species near bears or having the same staff 
members caring for both species. Rodent pests such as mice and rats 
may also be vectors for this herpesvirus transmission between 
species. Among the closest relatives of EHV-1 and EHV-9 in the 
genus Varicellovirus is pseudo-rabies virus (suid herpesvirus 1), 
which causes Aujeszky disease.’ This pathogen of pigs is reported to 
have infected bears also.”””" Bears should never be fed pig meat, and 
caution must be exercised when feeding carcasses from any hoof- 
stock source. 

A novel gammaherpesvirus, Ursid herpesvirus 1, was identified 
in 4 sun bears with oral squamous cell carcinoma. Squamous cell 
carcinoma should be an important consideration in a clinical setting 
when a sun bear presents for oral lesions including erythematous 
macules, ulcers, or plaques, particularly if nonresponsive to treat- 
ment or if recurrent. The association between the herpesvirus and 
squamous cell carcinoma is unknown. 


Tuberculosis is reported as a rare disease of carnivores, including 
bears.° Illegally held sloth bears that were confiscated by wildlife 
authorities in India and moved to rehabilitation centers have been 
reported to have died from Mycobacterium bovis infection, as con- 
firmed at necropsy and by histopathology of caseated nodules within 
the lungs.***° Clinical signs such as anorexia, persistent cough, nasal 
discharge, weakness, and progressive loss of weight were observed 
before the death of these bears. Zoonotic transmission from human 
handlers or infected meat was speculated to be the origin of the 
infection. 

A geriatric polar bear euthanized for an acute-onset, progressive, 
nonambulatory paraparesis was found to be positive for West Nile 
virus (WNV) antibodies by serum neutralization assay, competitive 
enzyme-linked immunosorbent assay (ELISA), and plaque reduction 
neutralization assay. ” In the spleen, WNV was detected by immu- 
nohistochemistry and real-time PCR (RI-PCR) test. Antibodies to 
VVNV have been documented in apparently healthy free-ranging 
European brown bears in Croatia and American black bears in New 
Jersey in the United States. Vaccination of captive bears against WNV 
might be indicated in high-risk regions. 

Two sun bears were diagnosed with salmon poisoning following 
fecal examination for ova of Nanophyetus salmincola, the trematode 
vector of Neorickettsia helminthoeca, the rickettsial organism that 
causes salmon poisoning disease.” Both bears exhibited acute onset 
of vomiting, mucoid diarrhea, lethargy, and anorexia approximately 
1 week after eating live trout. Both bears responded to treatment 
with oxytetracycline, doxycycline, and praziquantel and returned to 
normal within 1 week. Fecal shedding of ova began 4 days after the 
onset of clinical signs and ceased 9 days later. Salmon poisoning 
disease may develop outside the geographic range in which the 


causative organism is endemic as a result of the transplantation of 
infected fish for sport fishing. Thorough freezing of fish kills the 
flukes and prevents transmission. 


Parasitic Diseases 


A wide variety of other parasitic infections, including those with 
cestodes, trematodes, acanthocephalans, and Dirofilaria; toxoplas- 
mosis; trichinellosis; infestation by lice, fleas, and ticks have been 
recorded in bears; and gastrointestinal nematode infections are very 
common in bears.°**! Ascarid infections are very common and may 
cause diarrhea and anorexia. The nematode Baylisascaris transfuga is 
nearly 15 centimeters (cm) long, and heavy infestations may cause 
intestinal obstruction and overall poor body condition. Anthelmin- 
tics are effective, but reinfection is common. Ascarid ova are not 
destroyed by routine cleaning and disinfection, and the ova within 
soil environments will remain infective for several years. 

American black bears may be infected with the canine heartworm 
Dirofilaria immitis, but clinical disease has not been reported. 
Whether bears are suitable hosts for D. immitis is still being debated. 
Bears also have their own species of filarid worm, Dirofilari 
ursi, which lives in subcutaneous tissues and is considered 
nonpathogenic. 

Trichinella infections in bears have received considerable attention 
because many bear species are hunted by local people, and raw or 
undercooked meat may be consumed. Trichinosis has been seen in 
captive polar bears obtained from the wild with encysted Trichinella 
organisms that appeared as small, white granules on the ventra 
surface of the tongue. 

Skin diseases predominately have parasitic and fungal etiologies. 
Mange has been identified as a cause of alopecia and dermatitis in 
wild and captive bears. Mite infections are most commonly reported 
in American black bears and polar bears, with audycoptic and sar- 
coptic mange being considered particularly important. Audycoptic 
mange as a result of Ursicoptes americanus mites causes alopecia, 
pruritus, and crusting, and sarcoptic mange may cause pruritus, 
alopecia, pustular dermatitis, and crusting and thickening of the 
skin.° Treatment of audycoptid mange with ivermectin has not been 
routinely successful; amitraz, as a spray or sponge-on dip, is recom- 
mended. Demodicosis has been described in wild American black 
bears and in giant pandas. Dermatophilosis caused by Dermatophilus 
congolensis has been reported in multiple polar bears at a single 
institution.” In these cases, the organism was resistant to penicillin, 
and oral tetracycline and chloramphenicol, along with topical treat- 
ments, were required to resolve the infections. 


Noninfectious Diseases 


Skin conditions, particularly hair loss and rough hair coats, are 
encountered frequently in captive bears, especially polar bears and 
spectacled bears. In spectacled bears, a generalized seasonal alopecia 
syndrome with progressive symmetrical alopecia, severe pruritus, 
seborrhea sicca, and lichenification of the skin has been observed 
predominately in females.”””” Skin biopsy samples from female bears 
with different stages of hair loss were examined by histopathology, 
and telogenic, atrophic hair follicles, perifollicular fibrosis, and 
severe yeast infections with perivascular dermatitis and a mixed 
infiltration of mast cells, eosinophils, and lymphocytes were diag- 
nosed. Alopecia, however, could not be determined. The severe yeast 
infection in multiple animals most likely developed secondary to the 
underlying alopecia and inflammatory alterations. Genetics or socia 
stress etiologies were also speculated as etiologies. In one case, intra- 
dermal allergen skin testing with an allergy vaccine was successfu 
in resolving the seasonal itching and associated alopecia in a female 
spectacled bear.” 

Alopecia is one of the more commonly reported conditions in 
polar bears. Atopic dermatitis and alopecia have been reported in 
polar bears.”” Nutritional issues are not considered a primary factor 
in these cases of alopecia. Factors more often responsible for hair 
loss include seasonal allergies, ectoparasites, trauma from rubbing or 
self-inflicted because of stress, water quality issues, and imbalances 
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of reproductive hormones. The green discoloration of the hair coat 
is a unique condition of captive polar bears. This color change is 
caused by the growth of a cyanophyte, or blue-green, algae, within 
he unpigmented, hollow shafts of the guard hairs. A yellow discol- 
oration caused by sebaceous secretions may also occur. The hair 
shafts of the affected bear have many lateral ducts connected to the 
medulla. These lateral ducts are not present in unaffected bears, and 
it is not clear whether these lateral ducts are the cause or the result 
of the algal infection. Control measures have included salt-water 
reatments and peroxide baths for the polar bears, and water treat- 
ment measures designed to reduce the presence of algae in the water. 
In all bear species, but most notably in polar bears, skin condi- 
ions may include pododermatitis of the foot pads. These lesions 
range from nonspecific inflammation of the plantar surface to net- 
works of fistulous tracts on the dorsal surface of the foot. Foot pads 
may become dry and cracked, with deep fissures that bleed from the 
combined effects of pacing and wear on concrete surfaces. Contribut- 
ing factors to these conditions include warm environmental tempera- 
ures, constantly moist environments, poor sanitation, residual 
chemical disinfectant irritants, abrasive and hard substrates, and 
rauma. Some conditions may be responsive to a change in hus- 
bandry practices and a simple course of antibiotics, but in other 
cases, bears may require immobilization for diagnostic assessments 
and treatment. Training bears for paw presentation may be valuable 
for diagnostic procedures, as it minimizes the need for 
immobilization. 
Dental pathology is common in captive bears and may be a pre- 
cursor to secondary abscessation and systemic bacterial infections of 
he facial bones, myocardium, or kidneys. In one study, over 70% 
of captive bear skulls studied had broken or open-tipped canine 
eeth.”. Primary dental disease syndromes are fractured teeth, caries, 
periodontal disease, and dark discolored teeth resulting from dental 
trauma. Calculus deposition and periodontal disease are best mini- 
mized and managed through dietary and husbandry measures. Frac- 
tured and excessively worn teeth, especially enamel erosion on the 
lingual surface of canine teeth, are common in bears that compul- 
sively bite and chew on cage bars. Dental fractures may occur as a 
result of trauma during conspecific aggression. Canine teeth fractures 
or excessive wear expose the pulpal cavity, which allows for ascend- 
ing infections to the tooth apex, causing apical tooth root abscesses 
and alveolar osteomyelitis. Maintenance of tooth structure and integ- 
rity through endodontic treatments is the preferred treatment optio 
and is preferred over extraction. Training bears for intraoral visua 
examinations of teeth is helpful to visually assess for dental diseas 
and for evaluating extraoral fistulous draining tracts, which may b 
the first observed symptom of a chronic problem. Skulls of an adu 
polar bear, a brown bear, and a North American black bear wer 
scanned with computed tomography (CT) and are available from th 
digital morphology website (http://www.digimorph.org) as mode 
for craniodental anatomical review.! 
Degenerative joint disease, osteoarthritis, and the associated 
gradual loss of mobility in older bears are indications for routine 
evaluations to maintain a good quality of life for captive bears. Bears 
are generally long-lived species in captivity, and geriatric disease 
considerations are common. Captive bears of all species will com- 
monly live into their late 30s, some living up to 40 years or more.” 
These bears become less active, sleep more, climb less, and are gener- 
ally slower or more irritable around conspecifics. In animals that are 
overweight, additional stress is placed on diseased joints, so dietary 
intake and body weight should be monitored closely. Two brown 
bear littermates with neurologic signs were diagnosed, with magnetic 
resonance imaging (MRI), to have cranial thoracic myelopathy spinal 
cord compressions following an acute onset of progressive parapa- 
resis and proprioceptive ataxia.” Reduced activity and steroid 
therapy were palliative, and ultimately both bears were euthanized. 
Paralysis was diagnosed, with MRI, in a geriatric North American 
black bear with thoracic spondylosis deformans, intervertebral disk 
disease, and myelomalacia, with dorsal and ventral compression of 
the thoracic spinal cord.” 
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Suspected or diagnosed degenerative joint disease will require 
pain management with no single therapy typically providing com- 
plete pain relief. Non-prescription neutraceutical therapies are a 
good initial therapy with supplements containing polysulfated gly- 
cosaminoglycans, such as chondroitin sulfate, that reduce the col- 
lagen degradation in the effected joints. Glucosamine sulfate, an 
amino monosaccharide, may provide for cartilage maintenance and 
help to repair joint damage. Non-steroidal anti-inflammatory drugs 
(NSAID) are very effective in the treatment of arthritic pain. Carpro- 
fen, meloxicam, celecoxib, and tepoxalin may be used depending on 
individual response to treatment. Suggested drug doses for use in 
bears are modeled from dogs. 

Tramadol, a noncontrolled drug, is used in a similar manner as 
codeine to treat moderate to severe pain. Tramadol may be used in 
combination with both nonsteroidal anti-inflammatory drugs 
(NSAIDs) and steroids. Gabapentin is effective in the control of 
chronic or neurogenic pain and may be used to control otherwise 
refractory pain. 

In captive bears, neoplasms commonly involving the hepatobili- 
ary, GI, and integumentary systems have been reported.” The eti- 
ologies are likely to be multifactorial as in other species, with 
advanced age being a risk factor. Genetic predisposition and captive 
diet influences have been suggested as causes for the significantly 
large incidence of hepatobiliary neoplasms in bears, with a dispro- 
portionate number being reported in sloth and sun bears. These 
tumors appear to originate in the gallbladder or the bile duct and in 
advanced stages will metastasize to the omentum, pancreas, liver, 
and lungs. Clinical signs and clinicopathologic changes associated 
with these neoplasms have been variable. Bears typically exhibit 
nonspecific weakness, lethargy, vomiting, and weight loss for months. 
Physical examination, radiography, and ultrasonography have 
revealed hepatomegaly, abdominal distension, ascites, and icterus. 
Euthanasia usually is elected because of the advanced stage of the 
lesions at the time of diagnosis. 

Oncology treatment regimens involving surgical reduction, che- 
motherapeutics, and radiation therapy have been successful in bears. 
An adult, female Malayan sun bear was diagnosed with squamous 
cell carcinoma of the rostral mandible and was treated with surgical 
bilateral mandibulectomy followed by intralesional and perilesional 
cisplatin injections and radiation therapy. Recovery and postopera- 
ive adaptions by the patient were perceived as good, with no recur- 
rence of neoplasia for 3 years.” Transitional cell carcinoma of the 
urinary bladder in an adult spectacled bear was successfully treated 
with wide-margin mass resection surgery and postoperative oral 
piroxicam treatments.” 


REPRODUCTION 


Most species of bears exhibit a reproductive strategy that includes a 
highly defined breeding season, delayed implantation, and an obli- 
gate pseudo-pregnancy period of high progesterone after estrus, 
whether nonpregnant or pregnant. Postpartum estrus does not occur 
in bears. Wild bear species in temperate regions mate during periods 
of increasing day length and increased food supply in the spring. 
Implantation of the blastocyst is delayed until pregnant females initi- 
ate denning prior to winter in those species that hibernate. The 
implantation of the embryo is regulated by the photoperiod. The 
iming of estrus and parturition in captive bears is indistinguishable 
rom their wild counterparts despite relatively constant and ample 
ood being provided, indicating that both facultative seasonality and 
obligate seasonality in bears are not merely responses to acute 
changes in food availability. A comparison of documented birth and 
estrus dates among all bear species revealed that the temporal dis- 
tribution of birth is more seasonally restricted than that of estrus, 
with the exception being the sun bear, for which both captive and 
wild populations give birth through the year.” Ultrasonography was 
used to characterize giant panda fetal development in 13 giant panda 
pregnancies, with correlates to fetal development and to the physi- 
ologic changes in the female during pregnancy, to confirm delayed 


implantation. The reproductive biology of the tropical sun bear 
appears unique, with no apparent delayed implantation, and this 
species appears capable of initiating an estrus in the event of the 
early loss of a cub." Sun bears are polyestrous, nonseasonal breeders, 
have a captive tendency toward spring and summer estrous cycles, 
are more behaviorally intense, and have a higher probability of 
conception.” 

The corpus luteum becomes dormant following ovulation, allow- 
ing the females to re-enter estrus after conception. Because of embry- 
onic diapause, the cumulative embryos all implant at the same time 
and comprise a single litter. 

The temporal distribution of births varies little by latitude among 
he five species that reside primarily within the Arctic or temperate 
zones.” Four species give birth in winter, whereas the giant panda 
gives birth in the late summer. The lack of latitudinal variance in the 
iming of birth and estrus among the Arctic or temperate species 
provides strong evidence for their classification as obligate seasonal 
breeders. Sloth bears and spectacled bears as tropical zone endemic 
species housed in zoos in the northern hemisphere also adhere to a 
winter birth season. The season of birth in the southern hemisphere 
is shifted by 6 months from that in the northern hemisphere for all 
captive seasonal bears. A split parturition with confirmed identical 
paternity in a captive brown bear involving two cubs born initially 
ollowed by a third cub 17 days later has been reported. Multiple 
paternity of litters has been documented by genetic studies in 
wild American black bears.’’ The American black bear was described 
as a model species for oocyte recovery and maturation for endan- 
gered bear species.” 

Bear cubs are small at birth relative to the size of adult bears, and 
dystocias are rare. Cubs are born altricial, with females displaying a 
high level of behavioral investment in the offspring while still in the 
den. Mating behaviors in compatible bears is ritualistic with scent 
marking and vocalizations, males following females, and periods of 
body contact until the female is receptive, whereupon multiple copu- 
lations are normal. In captivity, there are multiple reports about 
interspecific hybridization. 

In male bears, the function and composition of the testes are 
dynamic, undergoing seasonal changes in volume, histoarchitecture, 
steroidogenesis, and spermatogenesis. Spermatogenesis, testicular 
size, and serum testosterone begin to increase in the winter and 
remain increased through the breeding season. A number of captive 
and field studies have documented most of these parameters for the 
three species found in North America. Male American black bears 
and polar bears show low levels of serum testosterone and decreased 
spermatogenesis during the late summer and fall. 


Pregnancy Diagnosis 

Pregnancy may typically be diagnosed in bears on the basis of serum 
or fecal progesterone levels.*!*’ Pseudo-pregnancy has been described 
in several bear species and giant pandas. Late in gestation, approxi- 
mately during the last month, pregnancy may be diagnosed by using 
transrectal or transcutaneous ultrasonography.’ Pregnancy has been 
difficult to detect in giant pandas because the females gain little 
weight and their fetuses develop relatively late in gestation. ° 


Contraception 


For female bears, the AZA Wildlife Contraception Center recom- 
mends the gonadotropin-releasing hormone (GnRH) agonists Supre- 
lorin (deslorelin) implants, or Lupron Depot (leuprolide acetate) as 
safer alternatives for reversible contraception. Dosages and duration 
of efficacy for both agents have not been systematically evaluated for 
all species, and side effects such as weight gain and mood alteration 
may vary greatly between individuals. A drawback of these products 
is that time of reversal cannot be controlled. Neither the implant 
(Suprelorin) nor the depot vehicle (Lupron) may be removed to 
shorten the duration of efficacy to time reversals. The most widely 
used formulations are designed to be effective for either 6 or 12 
months, but these are, for the most part, minimum durations and 
may be longer in some individuals. Permanent contraception by 


castration of males or ovariohysterectomy in females is a commonly 
used option. 


PREVENTIVE MEDICINE 


With good husbandry and dietary and veterinary care bears in cap- 
tivity generally remain healthy. Routine visual and physical examina- 
tions are key to a comprehensive preventive medicine program for 
bears at all life stages. Such evaluations are made in conjunction with 
animal shipments, during quarantine, and on a periodic, routine 
basis. Physical examination should include systematic assessment 
protocols such as abdominal ultrasonographic evaluation and dental 
cleaning and prophylaxis, as well as assessment of reproductive 
soundness and collection of morphometric data. Trending the same 
type of data consistently over time is invaluable in tracking the health 
of an individual bear. Routine fecal screening and prophylactic 
anthelmintic treatment with fenbendazole or pyrantel pamoate, at 
dosages used for domestic dogs, may be used two to four times 
annually. Bears in areas endemic for the mosquito-transmitted 
canine heartworm Dirofilaria immitis may benefit from prophylactic 
treatment. 

Quarantine procedures should include a 30-day period of housing 
away from other collection animals. This controlled time for close 
observation, diet acclimation, and at least one physical examination 
under anesthesia should follow the same systematic approach as that 
for routine annual assessments. The scope of the quarantine evalu- 
ation may be reduced if pretransfer physical examination and sample 
collection have been performed by the previous holding facility. 


Vaccination 


Few vaccines are recommended or used in captive bears. Immuniza- 
tion with a killed-virus rabies vaccine may be warranted if bears are 
kept in an endemic area where local wildlife might gain access to the 
enclosure. Given the rarity of clinical disease and the limited expo- 
sure of most captive bears to canids, routine vaccination for ICH is 
not warranted. Captive giant pandas are usually vaccinated for 
canine distemper. Captive giant pandas have also been vaccinated, 
at various institutions, with killed-virus canine and feline parvovirus 
vaccines. Other ursids typically are not vaccinated for CDV or par- 
voviruses. In all bears, it is advisable to monitor antibody titers to 
ensure adequate immune responses to vaccinations and track expo- 
sure to those diseases for which vaccines are unavailable or not used. 
Such titers may be analyzed from blood samples taken during 
routine and quarantine examinations. 


BEHAVIORAL MEDICINE 


An evolving behavioral enrichment and training program for bears 
is essential and assists in developing a positive relationship between 
animal care staff and the animal. Teaching bears how to problem 
solve, increasing their level of activity, and making training a positive, 
enriching experience are important parts of the process. Bears may 
demonstrate abnormal behaviors in captivity, including stereotypical 
behaviors such as pacing, head swaying and rolling, paw sucking, 
and regurgitation with reingestion. Pharmacological intervention 
may be required. Fluoxetine has been used in both brown bears 
(0.62 mg/kg, orally [PO], daily)” and polar bears (at 1 mg/kg, PO, 
daily)” to manage stereotypical pacing without adversely affecting 
normal behaviors. In the brown bear, increased environmental 
enrichment was augmented with the administration of fluoxetine, 
which was discontinued 2 weeks after pacing ceased following 6 
months of treatment. The pacing behavior did not resume within the 
1-year period reported. Zuclopenthixol has been used successfully 
to reduce aggressive interactions in two group-housed male Asiatic 
black bears (at a dose of 0.3—0.5 mg/kg, PO, once daily), based on 
evidence extrapolated from other species.’ No negative side effects 
were reported. 
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GERIATRIC MEDICINE AND QUALITY-OF-LIFE 
CONSIDERATIONS 


Euthanasia is an unpopular, but often necessary, quality-of-life deci- 
sion in the management of bears with terminal disease or chronic 
mobility issues, when treatment options are limited because of the 
large body size of bears. The bears quality of life should always be 
the primary consideration, and preemptive euthanasia is preferable 
to collapse or to chronic pain caused by inadequate management 
options. A system of scoring pain evaluations, discomfort levels, and 
overall physical condition and resultant quality of life of geriatric zoo 
animals offers a tool to support the decision making for timing the 
euthanasia of geriatric bears.'° 
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CHAPTER 1 


Hyaenidae 


William Kirk Suedmeyer 


BIOECOLOGY 


The family Hyaenidae diverged from the family Viveridae 24 million 
years ago at the beginning of the Miocene period.’ The family com- 
prises four species in three genera (Table 51-1). The spotted hyena 
is the most commonly encountered species in the wild; aardwolves, 
and striped hyenas, and brown hyenas are rarely encountered 
because of their smaller size, nocturnal habits, and solitary nature. 
Hyenas as a group communicate through vocalizations, body posture, 
and scent marking, the last of which is highly developed in the 
brown hyena and consists of two components, which dry to different 
colors and consistency on prominent vegetation (Figure 51-1). 

Brown hyenas are nocturnal, solitary animals that travel 25 to 40 
kilometers (km) per night in search of food. They live in small clans 
composed of several females, males, and offspring. Clans are rather 
female bonded, and females are believed to be related (Wiesel, per- 
sonal communication). Nomadic males are believed to maintain 
genetic diversity by ranging across clan territories. Males and females 
are morphologically similar. All clan members participate in com- 
munal raising of offspring. Although they are predominantly scav- 
engers, brown hyenas actively hunt and consume Cape fur seal pups 
(Arctocephalus pusillus) along the Namibian coast.”” In more arid 
areas, brown hyenas also consume plant material such as Tsama 
(Citrullus lanatus) and gemsbok cucumbers (Acathosicyos naudinia- 
nus).” Diamond mining, vehicular trauma, and human encroach- 
ment threaten existing populations of the brown hyena. Estimates of 
population size range from 5000 to 8000 in the wild and an esti- 
mated 800 to 1000 individuals in Namibia. Brown hyenas are not 
housed in North American zoos and are rarely exhibited in interna- 
tional zoos. 

Spotted hyenas live in large maternally dominated clans com- 
posed of multiple related individuals. Males emigrate and become 
nomadic, breeding across neighboring clans.’ Offspring are raised by 
the maternal adult. The genitalia of both sexes appear similar; the 
female exhibits a peniform clitoris; the vagina has fused with the 
urethra into a common urogenital tract and terminates in a phallic 
opening.” Modification of the labia has developed into a false 
scrotum, containing organized adipose tissue. This modification of 
the reproductive tract is under the androgenizing effects of andro- 
stenedione.” This modification appears to enforce maternal domi- 
nance of clan society. ” Females of this species are larger than their 
male counterparts. Spotted hyenas are well known to scavenge car- 
casses from lions but will also actively hunt prey as big as zebras.’ 
Spotted hyenas are not known to eat herbage. Hunting, human 
encroachment, and vehicular trauma contribute to declining popula- 
tions across their range. Current estimates place the wild population 
between 27,000 and 47,000 individuals.'’ The spotted hyena is 
occasionally exhibited in North American zoos. 

Aardwolves are uniquely adapted to a diet consisting nearly 
exclusively of harvester termites (Irinervitermes and Hodotermes sp.), 
These termites are nocturnal, providing ideal foraging opportunities 
for the aardwolf. Occasional consumption of rodents, carrion, and 
eggs has been documented.’ Aardwolves are solitary, nocturnal forag- 
ers and seem to be monogamous. Offspring are raised by both 
parents. Underground burrows are frequently used for raising cubs 
or providing shelter during daylight hours. Territorial boundaries are 
marked, as in other hyenas, through anal gland secretions placed on 
prominent vegetation. Scent marked areas increase in density around 


dens and latrines. Aardwolves prefer open dry areas with short grass, 
especially overgrazed farmland.’ Population estimates are not avail- 
able, but aardwolves are widely distributed and are thought to be 
common, but rarely seen animals. No significant threats to the popu- 
lation seem to exist, although wire snares, hunting, and human 
encroachment may impact local aardwolf densities. Aardwolves are 
occasionally exhibited in North American zoos. 

Striped hyenas are the most widely distributed hyena, preferring 
dense, arid, mountainous scrub woodland, and thornveld. Striped 
hyenas are strictly nocturnal, mostly solitary animals but have been 
observed in small family groups when foraging. Adult and sub-adult 
animals participate in caring for offspring in communal dens. 
Nomadic males are believed to maintain genetic diversity by ranging 
across clan territories. Males and females are morphologically similar. 
All clan members participate in communal raising of offspring. 
Although these hyenas are predominantly scavengers, striped hyenas 
actively hunt and consume flying insects, small rodents, and birds 
and capture larger prey such as Cape hares (Lepus capensis) and bat- 
eared foxes (Otocyon megalotis). Like the brown hyena, striped 
hyenas occasionally eat fruit, specifically the desert date (Balanites 
sp.). The world population is estimated at 5000 to 10,000 individu- 
als.’ None of the hyena species is considered endangered or 
threatened. 


ANATOMY 


Hyenas, with the exception of the aardwolf, are powerful animals; 
he well-developed forelimbs, shoulders, and neck provide ample 
power to dismember prey animals much larger in size than them- 
selves. The relatively weak hindlimbs sustain long distance loping, 
which is advantageous when hunting faster, but less so when hunting 
prey with endurance or distance scavenging. The jaws of the brown, 
spotted, and striped hyenas are very powerful, able to crush most 
ong bones of large prey items. The brown hyena is also able to break 
ostrich (Struthio camelus) eggs, whereas the spotted hyena cannot.' 
The dental formula of the hyenas is: incisors (I) 3/3, canines (C) 1/1, 
premolars (P) 4/3, and molars (M) 1/1, whereas that of the aardwolf 
which is uniquely adapted to an insect diet, is: 1 3/3, C1/1, P 3/2-1 
and M 1/1-2.'’ All hyenas have four digits on the forelimbs and 
hindlimbs, with the exception of the aardwolf, which has five digits 
on the forelimbs and four on the hindlimbs. The pelage is a mix of 
spots, stripes, and muted shades of brown and black; long and 
shaggy in the aardwolf, brown (Figure 51-2), and striped hyenas and 
short and sparse in the spotted hyena (Figure 51-3). Scent marking 
is the most important form of communication among hyenas. The 
anal glands are highly developed and large in each species and 
secrete a pheromone-laced sebaceous paste on prominent vegetation. 
Scent marking is used to define territories, signal potential mates, 
and identify conspecific and contraspecific individuals.” "’ 


REPRODUCTION 


Hyena reproduction relies on complex social structures.” Specific 
reproductive data are provided in Table 51-2.’ Dystocia has been 
documented in captive spotted hyenas, all of which were surgically 
corrected.* Other reproductive tract abnormalities are not reported 
in the literature but likely are similar to the problems in domestic 
dogs and cats. 
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Natural History and Taxonomy of the Hyaenidae Reproductive Data for Hyaenidae” 
Common Scientific Adult Weight Spotted Brown Striped 
Name Name (kilograms) Current Distribution Parameter Aardwolf Hyena Hyena Hyena 
Brown hyena Hyena 34-43 Arid areas of Southern Sexual Unknown 2-3 years 2-3 years 2-3 years 
brunnea Africa maturity 
Spotted Crocuta 40-90 Sub-Saharan Africa Seasonality Unknown Year-round Year-round Year-round 
hyena crocuta Gestation 90-110 110 days 92-100 days 88-92 days 
Aardvvolf Proteles 9-14 Eastern and Southern days 
cristatus Africa Litter size 1-5 1-3 1-5 1-5 
Striped hyena Hyaena 25-55 Northern, Eastern, and Weaning 6 weeks 6 months- 3-4 months 3-4 months 
hyaena VVestem Africa, 1 year 


portions of Central 
and Southern Asia 


FIGURE 51-1 Tvvo- toned paste mark of the brovvn hyena (Hyena 


brunnea). 


FIGURE 51-2 A brown hyena (Hyena brunnea) in Namibia. This 
animal fed through the night and into the early morning hours, which 


is unusual for this nocturnal animal. 


" Š a 


age 


FIGURE 51-3 A female spotted hyena (Crocuta crocuta). Note the 


shorter pelage compared with that of the brown hyena. 


HUSBANDRY 


Hyenas are intelligent, destructive animals that need secure caging. 
The nocturnal, secretive nature of hyenas presents unique challenges 


cialized insectivore diets. 


RESTRAINT 


or exhibit in captivity. The complex social structure of the spotted 
and brown hyena dictates that these animals be housed in compat- 
ible groups. All hyenas should be provided with adequate space, 
dens, and stimulating enrichment to prevent 
hey should be given opportunities to parti 
grams, which have been developed for capti 
number of institutions. Captive hyenas fare well on commercial 
meat-based diets supplemented with nutritionally sound dog food 
and large bones. Aardwolves have been main 
milk, eggs, and supplemental vitamins” ” bu 


stereotypical behavior; 
cipate in training pro- 
ve spotted hyenas 


in a 


ained on ground meat, 
may benefit from spe- 


All species of hyena require chemical restraint for examination. In 
general, remote delivery systems work well, although smaller 


TABLE 51-3 
Immobilizing Agents for Restraining Hyenas 
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Species Immobilizing Agent Dosage (mg/kg) Reversal Agent (mg/kg, IM) 

All Tiletamine/zolazepam 5 None 

All Ketamine/xylazine 8-10/0.5-1.0 Yohimbine 0.11-125 

Aardvvolf Ketamine/acepromazine 15/0.3 None 

Spotted hyena Etorphine/xylazine 0.05/0.63 Naltrexone 100 mg per 1 mg etorphine and Yohimbine 0.125 
Ketamine/xylazine 13.2/6.3 Tolazoline 3.7 or yohimbine 0.125 


Ketamine/medetomidine* 
Ketamine 15 


Brown hyena 


*Field immobilization agents in the author's experience. 
IM, Intramuscularly: mg/kg, milligram per kilogram. 


individuals may be hand-injected through the use of a standard 
restraint device. The drugs of choice when immobilizing hyenas are 
listed in Table 51-3.4'°'*!>° Hyenas should be administered injec- 
tions into the shoulders, forelimbs, or neck, whenever possible. 


Field Immobilization of the Brown Hyena 
in Southern Namibia 


Field immobilization techniques for the brown hyena are rarely 
reported in the literature.” A working knowledge of the natural 
history and behavior of this animal facilitates its successful capture. 
The brown hyena is a nocturnal, silent, solitary forager. ` However, 
large carcasses attract several hyenas. As opposed to the spotted 
hyena, brown hyenas generally feed singly, rather than in groups, 
even on larger carcasses. Individuals wait in the distance until the 
conspecific finishes (Wiesel, personal communication). In most 
instances, black-backed jackals (Canis mesomelas) arrive at the bait 
first; vocalization of larger groups of jackals may attract hyenas to 
the site. Jackals will commonly signal a hyena’s approach by ner- 
vously looking in the direction of the hyena. 

Camouflage, a low-profile silhouette, and absolute stillness are 
required for success of immobilization of hyenas. Use of advanced 
lighting, in the form of infrared technology, facilitates darting. Com- 
mercially available remote delivery systems work well, and dart 
placement is paramount to success. A well-placed dart in the neck 
or shoulder affords consistent success. A combination of ketamine 
(2-3 milligrams per kilogram [mg/kg]) with medetomidine (0.035— 
0.045 mg/kg) is effective within 3 minutes and causes recumbency 
of the animal within 7 minutes on average. This combination pro- 
vides rapid smooth induction, good muscle relaxation, stable heart 
rate and rhythm, slight to moderate pytalism, and 40 to 50 minutes 
of stable anesthesia. Pulse oximetry trends are undetectable initially 
(Figure 51-4) but elevate to the mid-90th percentile 20 to 30 minutes 
after induction without supplementary oxygen,” although supple- 
mental oxygen is advisable, if available. Regurgitation is common 
upon reversal in field situations; this is likely caused by ingestion of 
bait just prior to immobilization. Application of a bland ophthalmic 
ointment protects the eyes during times of blowing sand and debris. 
Covering the eyes and placing plugs in the ear canal also assists in 
providing consistent recumbency (Figure 51-5). On occasion, an 
anesthetized hyena may require 30 to 40 mg of supplemental ket- 
amine administered intramuscularly to facilitate completion of 
medical procedures. Reversal is achieved with atipamezole at five 
times the dose of medetomidine. Atipamezole given intramuscularly 
produces reliable recovery within 5 to 10 minutes. Blepharospasm, 
followed by purposeful movement of the head and cervical spine, is 
an indication of impending recovery. In general, the hyena ambulates 
away with mild ataxia, which rapidly resolves to normal ambulation 
within an additional 3 to 5 minutes. It is important to wait at least 


2-3/0.035-0.045 


Atipamezole 5x mg amount of medetomidine 


None 


FIGURE 51-4 A female brown hyena (Hyena brunnea) anesthetized 
vvith ketamine and medetomidine. Note the lovv pulse oximetry 
reading. 


FIGURE 51-5 An anesthetized female brown hyena (Hyena brunnea). 
Note the substrate barrier and covered eyes. The animal also has aural 
plugs to decrease auditory stimulation. 
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Parameter Aardwolf Spotted Hyena Striped Hyena 
Packed cell volume % 21.8-55.8 (42.4) 29.9-54.1 (42.3) 27.0-57.6 (41.0) 
Red blood cell x10®/microliter (uL) 4.95-10.62 (7.84) 5.08-9.83 (7.56) 4.35-9.77 (7.06) 
Hemoglobin, gram per deciliter (g/dL) 7.8-18.7 (13.8) 9.3-18.5 (14.0) — (13.6) 
Mean corpuscular volume, ? (fL) 45.3-64.3 (55.0) 46.3-63.9 (56.8) — (57.7) 
Mean corpuscular hemoglobin, picogram (pg) 15.0-20.8 (17.9) 15.7-21.4 (18.8) — (19.6) 
Mean corpuscular hemoglobin concentration (g/dL) 28.1-36.4 (32.5) 29.7-37.3 (33.2) — (33.5) 
Leukocytes x10°/uL 2.35-13.11 (8.21) 6.28-19.59 (11.98) 5.30-15.34 (10.52) 
Neutrophils x10°/uL 1.40-8.75 (5.30) 3.71-15.29 (8.62) 3.00-11.65 (7.50) 
Band neutrophils x105 0.00-0.07 (0.04) 0.03-0.14 (0.06) 0.00-0.50 (0.14) 
Lymphocytes x10°/uL 0.01-3.79 (2.08) 0.59-6.35 (2.45) 0.00-4.31 (2.19) 
Eosinophils x10°/uL 0-537 (238) 0-1684 (667) — 
Monocytes x10°/uL 0-806 (369) 79-1550 (483) 0-1179 (484) 
Basophils x103/uL — (163) 0-285 42) — 
Platelets x105/uL — (222) 72-466 (267) = 


From Teare JA, ed: 2013, Proteles cristata, Crocuta crocuta, Hyaena hyaena, No selection by gender. All ages combined. Standard International Units. 
2013 CD.html in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, Bloomington, 
MN. 

Values listed as reference intervals with mean listed in parentheses. 


TABLE 51-5 s 


Parameter Aardwolf* Spotted Hyena* Striped Hyena* Brown Hyenat 
Total protein, gram per deciliter (g/dL) 4.4-7.0 (5.7) 5.7-8.4 (6.8) — (6.0) 5.8 + 0.6 (3.5-7.0) 
Albumin (g/dL) 2.0-3.7 (2.9) 1.9-3.4 (2.6) — (2.4) 2.6 + 0.4 (1.5-3.3) 
Globulin (g/dL) 1.6-3.9 (2.8) 2.9-5.7 (4.1) — (3.6) 3.3 + 0.5 (1.7-4.4) 
Total bilirubin, milligram per deciliter (mg/dL) 0.1-0.9 (0.3) 0.0-0.4 (0.2) — (0.2) 0.1 + 0.1 (0.0-0.4) 
Direct bilirubin (mg/dL) 0.0-0.2 (0.0) 0.0—0.2 (0.0) — 0.0 + 0.0 (0.0-0.2) 
Indirect bilirubin (mg/dL) — (0.1) 0.0—0.3 (0.1) = 0.0 + 0.0 (0.0-0.3) 
Aspartate aminotransferase, international unit per liter (IU/L) 14-151 (89) 51-139 (87) 32-108 (73) 44 + 34 (10-145) 
Alanine aminotransferase (IU/L) 45-247 (115) 50-206 (105) — (49) 29 + 22 (8-103) 
Alkaline phosphatase (IU/L) 0-32 (14) 13-75 (32) 0-86 (37) 96 + 56 (22-245) 
Glucose (mg/dL) 57-181 (108) 67-262 (143) 34-192 (116) 87 + 43 (3-172) 
Cholesterol (mg/dL) 82-365 (233) 103-355 (220) 125-327 (231) 207 + 90 (73-356) 
Urea nitrogen (mg/dL) 14-48 (28) 15-43 (25) 13-29 (21) 35 + 11 (18-66) 
Creatinine (mg/dL) 0.6-2.2 (1.4) 0.8-2.4 (1.5) 0.4—1.7 (1.1) 1.0 + 0.2 (0.4-1.4) 
Calcium (mg/dL) 8.5-11.6 (9.8) 38.6-11.8 (10.1) 8.8-11.6 (10.2) 9.3 + 1.5 (5.1-11.0) 
Phosphorous (mg/dL) 2.8-10.4 (5.2) 2.1-5.4 (3.6) — (4.8) 5.3 + 1.2 (2.1-7.8) 
Sodium, milliequivalent per liter (mEq/L) 135-152 (144) 131-155 (145) — (146) 145 + 13.5 (76-154) 
Chloride (mEq/L) 100-118 (109) 103-127 (115) — (116) 110 + 11.9 (53-124) 
Potassium (mEq/L) 3.7-5.9 (4.9) 3.9-5.3 (4.5) — (4.3) 4.5 + 0.5 (2.5-5.3) 


“From Teare JA, ed: 2013, Proteles cristata, Crocuta crocuta, Hyaena hyaena, No selection by gender. All ages combined. Standard İnternational Units. 
2013 CD.html in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., İnternational Species Information System, Bloomington, 


MN. 


Values listed as Reference Intervals with mean listed in parentheses. 


TVVild normals N = 30.25 Values listed as mean +/— standard deviation with minimum and maximum values listed in parentheses. 


50-60 minutes from induction, if possible, before reversal to achieve 
an uncomplicated, smooth recovery. It is advisable to monitor the 
hyena until complete recovery as black-backed jackals (Canis 
mesomelas) or other brown hyenas may injure the hyena until it is 
fully recovered.” Recovery without reversal is prolonged, up to 90 


minutes in undisturbed individuals. 


MEDICAL CONDITIONS 


Infectious diseases of concern in hyenas are few. Rabies has been 
documented in wild spotted hyenas’? but not in brown hyenas, 
possibly because of their solitary nature. Canine distemper virus 
(CDV) has been documented in asymptomatic and symptomatic 


wild spotted hyenas; the symptoms were associated with an outbreak 


in African lions.*” Animals exhibited epiphora and nasal discharge, 
hematochezia, ataxia, lethargy, and respiratory distress.” Feline cali- 
civirus, feline herpesvirus, canine parvovirus or feline panleukope- 
nia, feline immunodeficiency virus, and feline coronavirus were 
detected in wild spotted hyenas in the Masai Mara of Kenya over an 
8-year period.” In a serosurvey of 30 brown hyenas in Namibia from 
1997 to 2010, 43% of adult hyenas were seropositive for CDV, as 
opposed to none of the sub-adulis.” Additional sampling for canine 
parvovirus, feline panleukopenia virus, rabies, Ehrlichia canis, and 
Neorickettsia risticii were negative in these same animals. Fecal direct 
flotation for ova and parasite examination of numerous stool samples 
collected from latrines and individual wild brown hyenas in 2011 
were surprisingly scant; only one sub-adult demonstrated infection 
with low levels of coccidea.”” Numerous ectoparasites and endopara- 
sites of Hyaenidae have been reported in the literature,” and captive 
individuals should be screened and treated routinely for clinical 
parasitemia. Cardiomyopathy caused by Trypanosoma cruzi has been 
documented in an aardwolf.° Dirofilaria sp. parasites have not been 
reported in the literature. Intraspecific aggression, resulting in trau- 
matically induced wounds are common in hyenas and occasionally 
need medical care.””” Hyenas are well known for ingestion of foreign 
bodies, so appropriate measures should be taken to prevent inges- 
tion.” Pacing on hard substrates predispose to ulceration of digital 
pads, so appropriate substrate and proper management should 
be provided to prevent stereotypical behaviors leading to this 
condition. 


DIAGNOSTIC SAMPLING AND TREATMENT 


Techniques for diagnostic sampling are identical to those performed 
in domestic dogs and cats. Reference values for select hematologic 
and biochemical values are presented in Tables 51-4 and 51-5. Treat- 
ment with pharmaceutical agents is extrapolated from that for 
domestic dogs and cats. No drugs or pharmacokinetically studied 
medications have been approved for use in Hyaenidae. 


PREVENTIVE CARE 


On the basis of the apparent susceptibility of hyenas to CDV, it may 
be advisable to vaccinate hyenas against canine distemper using a 
recombinant canarypox vectored or killed vaccine.*!* Although 
exposure to canid and felid viruses is prevalent in wild populations 
of spotted hyenas, clinical disease has not been documented.'! 
Rabies vaccination with a killed product may be advisable in endemic 
areas. Rabies has been documented in wild spotted hyenas.”” 


FIGURE 51-6 An anesthetized female brown hyena (Hyena brunnea). 
Note the worn teeth of this younger animal. 
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Routine examination is advisable to include specific evaluation of 
dental arcades; hyenas routinely damage their teeth (Figure 51-6), 
although infections are rare. 


PEDIATRICS 


Hand rearing of cubs is occasionally necessary and has been achieved 
by using commercially available kitten formulas.’ Hand-reared 
animals are tractable and nonaggressive, although removing food or 
enrichment from an individual is not advisable.*'°*! Vaccination 
schedules generally follow those for domestic dogs and cats at 2,3, 
and 4 months of age, using the canine distemper and rabies vaccines 
mentioned earlier. One author advises the use of killed canine par- 
vovirus vaccination.” 
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ə. 
CHAPTER 52 


Tubulidentata (Aardvark) 


Peter E. Buss and Leith C.R. Meyer 


GENERAL BIOLOGY 


The aardvark (Orycteropus afer) is nocturnal, fossorial, and myr- 
mecophagous and is the only living representative of the order Tubu- 
lidentata, belonging to the superorder Afrotheria.” The aardvark’s 
tooth is unique in that each molar consists of fused, elongated, 
hexagonal, perpendicular, dentine columns surrounded by a layer of 
cementum.’ This structure gives rise to the orders name: the Latin 
tubuli, tube, and dentis, tooth. The common name, aardvark, is 
derived from two Afrikaans words, aarde, earth, and vark, pig.’ Fossi 
records indicate that aardvarks once existed in Europe and Asia; 
however, their current distribution is restricted to sub-Saharan 
Africa.’ They are found over a wide range of habitats, from semi-arid 
zones to tropical rainforests, but are totally absent from deserts.”” 1” 

Aardvarks are solitary and almost exclusively nocturnal, but wild 
individuals may be observed feeding before sunset during winter. 
They are efficient burrowers, digging in search of either food or 
shelter. Burrows provide a microhabitat that is thermally buffered 
rom external ambient extremes (heat and cold) and has a higher 
relative humidity.'° Vocalization is restricted to a vigorous snuffling 
and the occasional grunt or a rare bleat.””” Life expectancy is 10 
years in the wild and early 20s in captivity; a single individual is 
reported to have lived to 29 years of age.’ 


UNIQUE ANATOMY 


Aardvarks have evolved anatomic adaptations that allow them to feed 
on ants and termites.”'*!’ Long, sharp claws combined with an 
inability to supinate the wrist provides strength for digging. The 
radius is shorter than the humerus, and webbing between the digits 
assists in burrowing.’* The aardvark’s head is elongated and narrow, 
with a long (25-30 cm), sticky vermiform tongue.”'*'’ Aardvarks 
have an excellent sense of smell and hearing. However, their eyesight 
is poor. 

The skin is thick, with a sparse covering of hair and no subcuta- 
neous fat layer, possibly making the aardvark susceptible to 


temperature fluctuations.”” Adult body mass is 40 to 65 kilograms 
(kg), with total body length up to 200 centimeters (cm) and shoulder 
height of 65 cm. Males are heavier and slightly larger than the 
females.*!*” 

The adult dental formula is: incisors (I) 0/0, canines (C) 0/0, 
premolars (P) 2/2, molars (M) 3/3, although variations may occur, 
as in four to seven teeth in the mandible. Teeth lack enamel and 
grow continuously. ° The stomach is muscular and gizzard-like for 
grinding up food ingested with sand and soil, and a large cecum is 
present, which is unusual for an insectivore.*!? 

Both male and females have a distinct genital eminence that may 
be confused with a scrotum. Unlike in other Afrotheria, which are 
testicond, in the aardvark, testes are descended but are ascrotal.” The 
penis is soft, short, and shaped like a truncated cone, and the vulva 
is a long cleft with a large heart shaped clitoris behind the center of 
the genital eminence. The genitalia and a pair of genital scent glands 
are visualized by opening a sphincter-like fold of integument.””” 


PHYSIOLOGY 


Body temperature in the aardvark varies between 34° C to 37° C and 
is regulated, in part, through the use of burrows. However, aardvarks 
appear to be susceptible to hypothermia as they return to their 
burrows once temperatures fall below 2° C.'"'? Aardvarks drink 
infrequently and seem able to obtain all their water requirements 
from their prey.'* 


SPECIAL HOUSING REQUIREMENTS 


Aardvarks are best displayed in a nocturnal exhibit with reversed 
day and night periods. ” The enclosure should be concrete or metal 
lined to prevent the animals from burrowing out; they should be 
devoid of sharp edges to prevent tongue injuries and have a substrate 
of soil, woodchips, or shavings. ” Moats are to be avoided as aard- 
varks are good swimmers.' In the wild, aardvarks are solitary animals; 


however, in zoos, they are frequently exhibited in groups of two to 
four animals and any combination of sexes. Pregnant females are 
separated shortly before or after parturition.’ 

Indoor temperatures are best kept between 20° C to 27° C and 
the relative humidity above 70%.'?'° Low humidity may lead to 
drying and cracking of the skin, especially in young animals.” In 
most zoos, a sleeping box or a den with a sand or straw substrate is 
provided.' 

As aardvarks are prone to stereotypical behavior, environmental 
enrichment is essential, and it may include scatter feeding, the use 
of hole feeders, and substrates for digging.'” 


FEEDING 


The natural diet of aardvarks consists almost exclusively of ants and 
termites; a small proportion may include seeds, fly and scarab beetle 
pupae, and wild cucumber (Cucumis humifructus).°'°"?'*"" A substi- 
tute high-protein, low-carbohydrate diet, with added vitamin and 
minerals, is fed as a thick soupy gruel to captive animals” The 
ingredients may include ground beef, chicken, or horse meat, com- 
mercial dog or cat food, mealworms, eggs, oatmeal, corn flakes, milk, 
low-fat curd cheese, and a variety of fruit and vegetables. Mazuri 
Insectivore Diet is used at many facilities.’ 


RESTRAINT AND HANDLING 


Manual restraint of adult aardvarks is not recommended, as these 
animals are extremely powerful. Neonates and juveniles may be 
physically restrained but should be sedated once they become 
heavier than 10 kg to prevent injuries to the animal and to the per- 
sonnel.’ Light-weight darts are effective for drug delivery in both 
wild and captive animals. Darts with barbed (2-millimeter [mm]) 
needles are required; otherwise they tend to bounce out of the skin 
(L. Meyer, personal communication).’ Captive animals should be 
fasted prior to drug administration.'’ Free-ranging animals are best 
approached on foot, keeping an optimal darting distance of 10 to 15 
meters (m) (L. Meyer, personal communication). A combination of 
ketamine and medetomidine, with atipamezole, is currently one of 
the most widely used protocols for the chemical immobilization 
of both captive and restrained free-ranging individuals.””"” Some of 
the combinations that have been used are ketamine (3 mg/kg ) + 
medetomidine (0.08 mg/kg) reversed with atipamezole (0.4 mgy/kg):// 
ketamine (4.3-8.2 mg/kg) + detomidine (0.09—0.18 mg/kg) reversed 
with atipamezole (0.05—0.09 mg/kg);'” ketamine (10 mg/kg) + xyla- 
zine (1—1.5 mg/kg);'* ketamine (15-20 mg/kg) + midazolam (0.28— 
0.68 mg/kg);* ketamine (10.6 mg/kg) + diazepam (0.26 mg/kg);! 
and tiletamine/zolazepam (4-5 mg/kg) reversed with flumazeni 
(0.01 mg/kg);* all these drugs are administered intramuscularly. 
Administering the antidote at approximately 30 to 40 minutes after 
induction, once most of the ketamine has been redistributed or 
metabolized, results in smoother recoveries.*” Recently, the addi- 
ion of midazolam (0.25 mg/kg) to ketamine and medetomidine 
(3.8 mg/kg and 0.1 mg/kg, respectively) has been successfully used 
in unrestrained free-ranging individuals (L. Meyer, personal com- 
munication). Depth of anesthesia may be increased and maintained 
with volatile inhalation anesthetics, either via a face mask or endo- 
racheal intubation.* Intubation may be challenging but is facilitated 
if the animal is placed in sternal recumbency, with the head extended 
and the tongue exteriorized; intubation may be done either blindly 
or by using a long-bladed laryngoscope (L. Meyer, personal com- 
munication).* Anesthetic monitoring should include normal cardio- 
respiratory monitoring along with the use of a pulse oximeter, with 
he probe placed on the tongue, and recording of body temperature. 
Blood pressure may be determined with a cuff placed on the distal 
hindlimb or tail or by catheterization of an auricular artery for con- 
inuous direct assessment (L. Meyer, personal communication).*!” 
Depending on the duration of anesthesia, animals should be main- 
ained on only oxygen for up to 20 minutes at the end of the pro- 
cedure.'' Diazepam (10 mg, orally [PO], once a day) is effective in 
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treating captive animals that pace excessively following an anesthetic 
episode. ' 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Blood samples may be collected from the cephalic, femoral, medial 
saphenous, ventral tail, or facial vein for hematology and biochemi- 
cal analysis. Normal reference values have been previously reported 
for captive animals (Table 52-1).” More recently, blood chemistry 
values have been determined in seven free-ranging aardvarks cap- 
tured in South Africa by using chemical restraint (L. Meyer, personal 
communication). Mean values (standard deviation [SD]) were as 
follows: 

Calcium = 8.91 (1.36) milligrams per deciliter (mg/dL) 

Phosphorus = 4.56 (0.42) mg/dL 

Sodium =138.86 (13.13) millimoles per liter (mmol/L) 

Potassium = 4.83 (1.77) mmol/L 

Blood urea nitrogen = 24.86 (3.53) mg/dL 

Total bilirubin = 0.29 (0.04) mg/dL 

Alkaline phosphatase = 34.43 (8.62) international units per liter 

(U/L) 

Alanine aminotransferase = 29.71 (7.65) IU/L 

Amylase = 52.14 (12.10) IU/L 

Total protein = 5.39 (0.85) grams per deciliter (g/dL) 

Globulin = 0.87 (0.34) g/dL 

Albumin = 4.49 (0.61) g/dL 


DISEASES 


No infectious diseases are unique to aardvarks. Most captive indi- 
viduals die from degenerative illnesses associated with old age.” 
Recorded medical conditions include arthritis in limb joints, decu- 
bital ulcers, fractures of the digits, conjunctivitis, hepatitis, osteomy- 
elitis of the jaw, skin irritations, intestinal abscesses, fecal impactions, 
peritonitis, pneumonia, bronchitis, gastric ulcers, arterial aneurism, 
uterine leiomyoma, colitis, aural hematomas, scent gland impaction, 
and dermatitis.’ Dental disease is the most common condition in 
captive animals. Tooth root abscesses occur predominantly in the 
mandible and present as firm painful swellings. Maxillary abscesses 
may cause a discharging rhinitis. Treatment may be challenging 
because of the small mouth and elongated oral cavity, and a buc- 
costomy may be required for access to teeth. Curettage of infected 
or necrotic bone may cause significant hemorrhage with a risk of 
airway obstruction.*” A variety of oral and parenteral antibiotics have 
been administered to aardvarks, using standard mammalian dosages.” 
A variety of benign nematodes, protozoa, and ectoparasites have 
been identified in the aardvark; control has been with standard 
parasiticides.” 


REPRODUCTION 


m the wild, the aardvark male remains with the female for a short 
period during mating.’ Intromission is brief and lasts for less than 1 
minute. ” Recent studies suggest that the gestation period is closer 
to 8 months (248 days) than the earlier cited 7 months." Aardvarks 
are monotocous, with twins seldom being born. Neonatal aardvarks 
weigh approximately 1.7 kg (range 1.3—1.9 kg), are naked, and have 
their eyes open.” The youngster becomes independent at about 6 
months, reaching sexual maturity at 2 years. In captivity, females 
generally give birth once a year.’ 

In captivity, a large percentage of offspring have been hand 
raised.' Low doses of oral diazepam (0.25—0.45 mg/kg, once daily 
[SID] or twice daily [BID]) have been used successfully in females 
to allow their offspring to nurse, with gradual tapering of the dose.* 
A number of commercially available milk formulas, including dog 
and sow milk substitutes, with added vitamin and calcium supple- 
ments, have been used in hand-rearing. Initially, the formula is 
diluted with water (3:1) and gradually increased in strength over 
several months. It has been suggested that neonates should receive 
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TABLE 52-1 
Parameter Mean (Reference Interval) Parameter Mean (Reference Interval) 
Hemoglobin (g/dL) 13.7 (9.2-17.9) Ca (mg/dL) 9.8 (7.9-11.4) 
Hematocrit (%) 39.6 (27.8-50.8) P (mg/dL) 6.0 (0.0-10.6) 
MCV (fL) 121.7 (105.9-136.1) Na (mEq/L) 148 (139-156) 
MCH (pg) 42.4 (36.2-49.2) K (mEq/L) 4.2 (3.1-5.3) 
MCHC (g/dL) 35.0 (30.9-38.8) CI (mEq/L) 110 (99-122) 
Platelet count (x10°/uL) 269 (7-496) BUN (mg/dL) 22 (0.0-37) 
Segmented Neutrophils (x10°/uL) 4.30 (0.0-8.27) Creat (mg/dL) 1.9 (0.5-3.1) 
Neutrophilic band cells (x10°/uL) 0.03 (0.01-0.06) Tot bili (mg/dL) 0.3 (0.0-0.7) 
Leukocytes (x10°/uL) 7.70 (0.69-13.68) Gluc (mg/dL) 88 (38-136) 
Erythrocytes (x10°%/uL) 3.22 (2.11-4.22) Chol (mg/dL) 70 (0.0-154) 
Lymphocytes (x10°/uL) 1.96 (0.0—4.31) Triglyceride (mg/dL) 42 (0.0-101) 
Monocytes (cells /uL) 342 (0.0-884) CPK (IU/L) 124 (0.0-267) 
Eosinophils (cells /uL) 598 (0.0-1581) ALP (IU/L) 205 (0-703) 
Basophils (cells /ulL) 369 (0.0-884) ALT (IU/L) 54 (2-96) 
AST (IU/L) 32 (0.0-63) 
GGT (IU/L) 4 (0.0-13) 
Amylase (IU/L) 82 
TP (g/dL 5.8 (4.4-7.7) 
Glob (g/dL) 2.8 (1.8-3.9) 
Alb (g/dL) 3.0 (1.6-4.6) 


From Teare JA, ed: 2013, “ Orycteropus afer No selection by gender All ages combined Conventional American Units 2013 CD. Html” in ISIS Physiological 
Reference Intervals for Captive Wildlife: A CD-ROM Resource, International Species Information System, Bloomington, MN. 


only a 5% dextrose solution for the first 24 to 48 hours. Lactobacillus 
acidophilus and L. bulgaricus added to the formula will assist in estab- 
lishing normal gut flora. Hand-raised aardvarks are fed four to six 
times a day and 12% to 14% of their body weight in a 24-hour 
period.'” 
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CHAPTER 3 


Proboscidea 


Ellen Wiedner 


GENERAL BIOLOGY 


As the largest extant land mammal, the elephant is characterized not 
only by great size but also by extraordinary intelligence, complex 
social behavior, and its remarkable nose, capable of uprooting large 
trees or grasping single grains of rice. Over the past 4000 years, 
elephants have been worshipped as gods, used as work animals and 
beasts of war, and admired in zoos and circuses. However, elephants 
now face an uncertain future. The growing demand for ivory has 
decimated herds in both Africa and Asia, and human-elephant con- 
flicts, ongoing habitat loss, demand for bush meat (African ele- 
phants), skewed sex ratios because of ivory poaching (Asian 
elephants), and politics have caused further massive losses of ele- 
phant populations. The captive population is not self-sustaining, and 
the extinction of elephants—a horrific thought—could become a 
reality in the not-so-distant future. 

Elephants are an ancient species that are placed in superorder 
Afrotheria, clade Paenungulata, order Proboscidea. Probscideans first 
appeared in Africa during the early Cenozoic period, approximately 
60 million years ago, but these early ancestors were not much larger 
than a golden retriever and bore little resemblance to modern ele- 
phants. Characteristics such as gigantism, the long dexterous trunk, 
and the distinctive tusks and molars evolved over millions of years 
as the group migrated into Europe, Asia, India, and the Americas. 
The taxonomy and classification of the proboscidea continue to be 
debated, but currently only modern elephants (Loxodonta and 
Elephas), mastodons (Mammut), and mammoths (Mammuthus) are 
placed together in the family Elephantidae. Woolly mammoths (M. 
primigenius), the last of the ancestral elephants, became extinct 5000 
to 10,000 years ago. The closest living relatives to elephants are other 
members of the Paenungulata: the order Sirenia (manatees and 
dugongs), and the order Hyracoidea (rock hyraxes). Evidence for 
these relationships may be found in the fossil record, in genetic and 
immunologic studies, and in comparative anatomic data. ” 

Today, two genera of elephants are recognized, Loxodonta and 
Elephas. Genus Loxodonta, the African elephant, includes two species: 
L. africana, the African savanna elephant, and L. cyclotis, the forest 
elephant, although L. cyclotis is not universally accepted. Genus 
Elephas, the Asian elephant, includes a single species, E. maximus, 
but some zoologists recognize a variety of subspecies, including E. 
m. sumatranus, E. m. indicus, and E. m. maximus. This too is contro- 
versial.” Both L. africana and E. maximus share the same number of 
diploid chromosomes (n = 56). In nature, the two species are so 
geographically separated that interbreeding is impossible. However, 
one known African—Asian hybrid was born in captivity, the calf 
“Motty,” born at the Chester Zoo in 1978, to an Asian elephant 
mother and an African elephant father. Motty lived less than 2 weeks 
before dying of necrotizing enterocolitis, but was confirmed to be a 
hybrid with testing of tissues samples.*' Table 53-1 provides a com- 
parison of African and Asian elephants. 

Elephants are long lived, often reaching their 40s in the wild and 
their 50s and 60s in captivity." They are a herd species, with an 
intricate social structure and multiple communication systems. 
These systems include complex vocalizations, infrasound (sound 
below the range of human hearing),” and chemical signaling via 
hormones, proteins, and volatile compounds released in urine, feces, 
breath, and secretions from specialized glands such as the temporal 
gland, a unique Proboscidean apocrine gland located on each side 
of the head. These bioactive compounds transmit information about 


the individuals reproductive status, territory, and dominance and 
likely about other aspects of elephant society both within and 
without the herd.” 

Elephant habitats are highly varied. For African elephants, this 
includes environments that range from hot deserts to savannas, as 
well as dense forests and wetlands at a variety of altitudes. Asian 
elephants are found in similarly diverse habitats that also include 
shrub land, wet and dry forests, evergreen and deciduous woods, 
and degraded areas. The International Union for Conservation of 
Nature (IUCN) Red List of Threatened Species classifies Loxodonta 
as vulnerable but comments that the status is regionally variable. 
Asian elephants are classified as endangered. Both species are listed 
in the Convention on International Trade in Endangered Species I 
(CITES D Appendix. 


UNIQUE ANATOMY 


From one end to the other, the elephant’s anatomy is highly unusual, 
starting with the proboscis—or trunk—which is the obvious 
example. Thickly muscled, extremely flexible, and complexly inner- 
vated, the trunk is comparable to a hand. In fact, the fingerlike 
appendages on the distal trunk (single in Elephas, double in Lox- 
odonta) are densely packed with Pacinian corpuscles and vibrissae, 
which enable both refined grasping of small objects and discrimina- 
tion of diverse sensory stimuli.” Since the elephant is unable to 
lower its head to the ground while in a standing position and has 
little movement of its neck compared with other species, the trunk 
is essential for bringing food and water to the mouth. Elephants also 
use the trunk as a weapon, to toss dirt and sand on their backs, to 
spray water, and for communication with herdmates both by tactile 
means and by bringing chemically active substances to the vomero- 
nasal organ located on the dorsal surface of the mouth.”! 

The tusks are upper incisors, present in both genders of African 
elephants but only in males in Asian elephants. Female Asian ele- 
phants often have rudimentary tusks called tushes. Tusks grow con- 
tinuously throughout an elephant’ life. For a very brief period after 
they erupt through the sulcus, they are covered in shining white 
enamel. When the enamel is shed, what remains underneath is the 
off-white dentine, the substance known as “ivory.” Primary dentine 
is on the outside of the tusk. Secondary dentine is laid down within 
the pulp cavity; thus, the diameter of the elephant tusk increases 
from the interior.'° The great preference for elephant ivory over that 
of other species is because of several unusual characteristics. First, 
elephant ivory is softer than most other ivories; second, it cracks less 
easily, and finally, in cut section, its arrangement of overlapping 
dentine tubules creates subtle checkerboard effects. These are called 
Shreger patterns and are unique to the proboscideans. They give 
elephant ivory its great beauty when carved.” 

Tusks grow approximately 18 centimeters (cm) a year and, in 
arge African males, may reach more than 3 meters (m) in length and 
70 to100 kilograms (kg) in weight.” In the center of the tusk is the 
pulp cavity, which is filled with blood vessels, nerves, and growing 
cells. Over time, as the tusk elongates, the most distal part of the 
pulp cavity becomes compressed and atrophied. On cross-section, 
this atrophied tissue may be seen as a black dot in the center of the 
usk and should not be confused with the actual pulp cavity. 

The absence of tusks (natural tusklessness) is a female sex-linked 
rait. When wild populations of either Asian or African elephants are 
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Comparison of African and Asian Elephants 


Parameter 


Loxodonta Elephas 


Weight 4000-7000 kilograms (kg) 2000-5500 kg 
Height —4 meters (m) 2-3.5 m 
Dorsum Upward slope toward rump Downward slope toward 
rump or no slope 
Head Single large bulge on Two large bulges on 
forehead forehead 
Forehead concavity 
develops with age 
Ears Very large and hang below Smaller 
neck 
Molars Diamond shaped occlusal Narrow loops on 
surface occlusal surface 
Tusks Tusks present in both Tusks only in males 


sexes Females have vestigial 


tusks (tushes) or none 


heavily poached for ivory, this trait emerges. When poaching 
decreases, tusklessness diminishes.” In most of Asia, tuskless males 
are called “makhnas.” 

The molar formula is: incisors (1) 1/0, canines (C) 0/0, premolars 

(P) 3/3, molars (M) 3/3, although some authors consider all cheek 
teeth to be molars, which would change the formula to: I 1/0, C 0/0, 
PM 0/0, M 6/6.” However, all of these six cheek teeth are not present 
at the same time in the mouth but erupt successively over the course 
of the animals life. At any moment in time, usually only two func- 
ioning molars are present in any quadrant of the jaw. New molars 
are formed in alveolar pockets at the back of each jaw and are com- 
posed of compressed plates of enamel-wrapped dentine (called 
laminae or lamellae), which are joined together with cementum. Over 
ime, old worn molars move forward in the jaws, dissolve their roots, 
and fall out of the mouth to be replaced by newly formed molars 
hat have advanced cranially from the alveolar pockets to come into 
wear. This continuous process bears some resemblance to an escala- 
ors motion. Techniques to determine an elephant’s age by analysis 
of the wear and number of dental lamellae have been described but 
involve a large margin of error. Some elephants are not toothless at 
death, even if they live to an advanced age because molars 6 (M6), 
he last molars, are not always shed, although they may become 
extremely worn and fragmented.” 
Neonates may be born with M1 and M2. If not present at birth, 
MI and M2 usually erupt shortly thereafter and are shed by age 2 
or 3 years.” Milk tusks (also known as tushes) on young elephants, 
which sometimes never erupt, are resorbed and replaced by perma- 
nent tusks between 6 months and 1 year. 

Elephants do not have lacrimal puncta, lacrimal glands, or a 
nasolacrimal drainage system. Nevertheless, elephants do produce 
tears from multiple adnexal glands which, because of the absence of 
the duct system, regularly—and normally—run down the side of the 
face from the medial canthus.”* 

The pleura of elephants is represented by thick, diffuse connec- 
tive tissue that attaches to ribs, diaphragm and lungs and obliterates 
the pleural space. This tissue is simply pleural membranes that 
became adhered and thickened, a phenomenon that occurs in utero, 
early in gestation. Containing mostly collagen fibers and having a 
slippery, compliant consistency, it slides and moves and still acts 
functionally as a pleural membrane. Although these unusual pleura 
attach the lungs to the chest wall, they do not appear to hamper 
chest wall excursions.” The thorax is also the site of two mammary 
glands; elephants have breasts, not an udder. 


The heart may weigh more than 20 kg in an adult elephant. The 
cranial vena cava is paired, and the caudal vena cava is single. 
Numerous arteriovenous anastomoses as well as arterial and venous 
plexuses may be found throughout the body.” The veins have mul- 
tiple valves that likely cause some of the difficulties can be experi- 
enced when drawing blood. These valves, plexuses, and anastomoses 
are related to the complex—and poorly understood—hydraulics 
involved in moving the massive blood volume around the 
elephants body. 

Elephants lack a gallbladder but have a duodenal pouch that 
connects both the biliary and pancreatic ducts.” The liver is unusual 
in that it produces C7 bile alcohols rather than bile acids, a charac- 
teristic shared with other Paenugulates as well as with some carti- 
laginous fish. Unlike bile acids, which lose their taurine conjugate 
when bacteria bind to them, bile alcohols lose a sulfate conjugate. 
This characteristic renders them insoluble across lipid bilayer 
membranes and traps them within the bile ducts. These trapped 
bound bile alcohols are believed to predispose elephants to cholelith 
formation.’ 

Elephants are hind gut fermenters with a simple stomach. The 
small intestines terminate at a large sacculated, conical cecum, 
which, in turn, connects to a partially sacculated large intestine. 
Microbial fermentation of feed begins in the small intestine, peaks 
in the cecum, and continues in the colon. Elephants have short 
intestines and rapid gut transit times, which lead to lower digest- 
ibility coefficients compared with those in domestic hoofstock and 
are a measure of the amount of nutrition taken in from a particular 
eed.'* 
Elephant kidneys are reniculate and are composed of 6 to 10 
obes, some of which may be fused. In most adult elephants, urine 
does not concentrate significantly, even if the animals have not drunk 
water for a while; this may be explained, in part, by the anatomy of 
he kidney, which includes small or absent renal papillae and minimal 
contact between urine and the outer renal medulla at the calyx.”” 

The elephants foot is adapted to support its great weight. The 

circumference of the forefeet is greater than that of the hindfeet. Foot 
anatomy is similar in both Asian and African elephants, although 
minor differences exist in appearance with regard to the number of 
toenails. The nails are not weight bearing and grow less than 1 cm 
per month. They are connected to the underlying phalanges by 
laminae.” 
All feet have five digits regardless of the number of nails present. 
By convention, the digits are numbered DI through DV, with the 
most medial digit always being DI. Each digit consists of three 
(sometimes two) phalanxes and one metacarpal or metatarsal. DIII 
is the longest. Because of the vertical arrangement of the metacarpals, 
hey provide equal weight support at the front of the body, whereas 
he metatarsals are more horizontally organized, resulting in the 
majority of weight being carried by DII, DIII, and DIV.” The bones 
of the feet sit atop a digital cushion composed of fat and connective 
tissue, which acts as both shock absorber and fluid pump.” With 
every step the elephant takes, the cushion compresses and deforms 
outwardly causing the circumference of the foot to expand. Addition- 
ally, compression of the cushion helps push blood from the feet back 
to the heart, another hydraulic adaptation. A cartilaginous prepollux 
and prehallux in the forefeet and hindfeet, respectively, create sub- 
compartments within the cushion and also act as struts for the foot.*° 
The bottom of the foot, sometimes called the slipper, consists of the 
sole (the underside of the toes) and pad (the underside of the foot) 
and is composed of horny, keratinized tissue. This keratinized mate- 
rial grows from an underlying germinal epithelium, which, in turn, 
sits atop the sensitive corium. The slipper is quite thin, rarely more 
than 4 to 12 millimeters (mm) thick, and is usually corrugated in 
adults.” (Figure 53-1). 


SPECIAL HOUSING REQUIREMENTS 


Elephants are herd animals and generally require contact with other 
elephants. Housing should provide space for social interactions and 


FIGURE 53-1 Sagittal section through the foot of an Asian elephant, 
showing the alignment of the three phalangeal bones with the nail as 
well as the thinness of the sole. (Photograph courtesy of Dr. Ramiro 
Isaza. The increase in nail thickness from top to bottom can also be 
seen.) 


also room to separate the elephants that are not getting along with 
the others or for medical reasons. Housing may be as simple as a 
basic shelter offering protection from the elements in warm climates 
or a sophisticated modern barn with a temperature-controlled envi- 
ronment and hydraulic gates. Good ventilation, ability to thoroughly 
clean the facility, and construction materials that cannot be destroyed 
by the elephants are of paramount importance. 

A variety of flooring surfaces has been used in elephant housing, 
but it remains unclear what type of floor is best. Smooth floors, 
roughened floors, deep sand pits, and specialized polymers have all 
been used. In some facilities, elephants have pulled up and ingested 
newly installed floors, so durability is an important consideration. 

Outdoor facilities may consist of multiple yards or a single com- 
munal yard. Generally, female elephants share paddocks, whereas 
each male is kept separately. Some facilities have incorporated all of 
their elephants, young, old, male, and female into herds that share 
a yard. Because elephants protect their skin by throwing dirt and 
sand on their backs, access to these materials is necessary. Swimming 
pools, waterfalls, and ponds are enjoyed by elephants but should be 
easy to clean and quickly drainable in case of emergency. Pools do 
not need to be deep, and, in fact, many elephants enjoy playing in 
just a few inches of water. Filtration systems must be installed out 
of reach of the elephants. 

The size of the yard needed is debatable. The majority of wild 
elephants, both African and Asian, tend not to move around very 
much at all, maxing out at 5 to 10 km per day.” The only elephants 
that have been shown to walk long distances, up to 30 miles per day, 
is a unique group of African elephants living in the extremes of the 
Namib desert where drought and inadequate food sources make the 
terrain inhospitable.” However, regular exercise does benefit captive 
elephants as it decreases foot problems, improves heart health, and 
provides enrichment. Thirty minutes of exercise per day is likely a 
reasonable goal that may be achieved by walking the animals, 
encouraging a variety of stretching moves, or both.” 

Healthy elephants may be acclimated to a wide range of tempera- 
tures. Elephants living in northern climates will often freely choose 
to play in snow and even break ice on ponds to go swimming. Pre- 
cipitation, wind chill, and scarcity of sunshine may, however, 
decrease the tolerance levels of the elephants for cold weather. In 
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very hot environments, appropriate shade structures and water are 
obviously important, as is sand or dirt for dust bathing. 

Toys and enrichment devices should be too big to be swallowed, 
difficult to destroy, and of sufficient interest to the elephants. Heavy 
large plastic balls, rubber motorcycle and truck tires, and knotted 
firehose have been used. Several facilities have installed fake trees 
where food items are hidden so that elephants spend time searching 
for them. 

Facilities that house bull elephants have additional safety consid- 
erations. All institutions holding elephants require adequate perim- 
eter fencing and containment, but those with bulls need containment 
that should withstand the aggressive behavior of a male in “musth” 
(a period of hormone-induced aggression). An elephant restraint 
device (ERD) is recommended and even required at facilities accred- 
ited by the Association of Zoos and Aquariums (AZA). An ERD is a 
large chute that enables restricted contact and close-up handling of 
any elephant. ERDs come in a variety of configurations, but all 
permit access to the feet, legs, and head of the elephant via movable 
gates and may be adjusted to hold elephants of different sizes for the 
duration of a particular procedure. Some ERDs have a scale built 
into the floor so that the elephant may be weighed each time it enters 
the device. Others have incorporated tilt tables. In Asia, elephant 
camps often have wooden stocks, built of large tree trunks that func- 
tion like an ERD. Whatever the conformation of the ERD, the ele- 
phant needs to be conditioned to it and trained to go in and out 
reliably. 

Breeding facilities need to baby-proof their barns and yards. As 
Rudyard Kipling noted, little elephants have “ Satiable curiosity.” 
Considerations include keeping the calf from escaping, since calves 
may wiggle through very small vertical gaps. Pools may need to be 
lowered or emptied until it has been ascertained that the calf can 
swim. 


FEEDING 


In the wild, elephants are browsers and grazers, demonstrating great 
diversity and selectivity in the foods they eat. They tend to feed 
throughout the day, rather than eat discrete meals. In general, the 
natural diet for both African and Asian elephants contains high 
amounts of fiber and relatively low amounts of protein (8% to 12%). 
Wild elephants eat approximately 1.2% to 1.9% of their body mass 
in feed volume daily. Currently, their daily energy requirements are 
unknown.” 

Captive elephants in Asia are commonly fed palm leaves, bark, 
rice, tamarind, balls of salt, and green fodder and may be routinely 
released into nearby forests to browse. Captive elephants in the 
western hemisphere are typically fed diets of hay, browse, pellets, 
grains, fruits, vegetables, and miscellaneous items, ranging from 
bread to beet pulp. Some facilities provide pasture access to their 
animals. Many North American facilities successfully feed their ele- 
phants hay and browse diets without adding commercial pellets, 
which tend to be low in fiber and high in protein.” Regular forage 
analysis by a reputable laboratory is strongly encouraged because 
hay quality and nutrients may vary. Weighing feedstuffs and stan- 
dardizing the diet are also recommended. Feed needs to be stored 
properly, away from weather and vermin. Caretakers should be edu- 
cated about hay quality, nontoxic species of browse, and appropriate 
storage procedures. Variability in browse may provide enrichment, 
high amounts of fiber, and appropriate abrasiveness for teeth. 

Regular weighing of elephants should be part of all captive pro- 
grams. The use of weight tapes has been described in elephants, but 
a scale provides better accuracy. Published guides to elephant body 
condition scoring are available but often fail to describe overweight 
elephants or acknowledge variations in body type. Accurate assess- 
ment of body condition requires gaining experience with different 
elephant body types as well as typical changes in shape over an 
elephant’ life. With advancing age, gravity and conformation may 
cause significant alterations in appearance that should not be con- 
fused with pathology.” 
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Obesity in captive elephants is linked to various health problems, 
including reproductive abnormalities, heart disease, and osteoarthri- 
tis. Several institutions have successfully put their elephants on a 
diet by feeding lower-energy forages, increasing browse, and elimi- 
nating pellets and other concentrates. Gradual weight losses of 
450 kg have been achieved in elephants over an 8- to 12-month 
period.” 

Like all animals, elephants require adequate amounts of clean 
water. Although elephants have been reported to drink vast quanti- 
ties of water at a single time (up to 100 liters [L]) and over the 
course of the day (up to 225 L), most elephants do not drink this 
much and will vary their intake. Some will go several days without 
drinking without ill effects. Nevertheless, in captivity, refusal to 
drink is often an early sign of illness and should be evaluated. Some 
facilities offer water on a continuous basis; others provide water to 
their elephants at specific times of the day. Either system is appropri- 
ate as long as keepers have the ability to observe intake. If this is not 
possible, urine output should be noted. This too may vary by 
individual.” 


RESTRAINT AND HANDLING 


Working with elephants requires consideration for the safety of the 
animal, the handler, and the facilities. Nobody should ever go up to 
an elephant without the express permission and assistance of an 
experienced handler who is familiar with the animal. Elephants are 
hierarchical and generally ignore the commands of those they do not 
know. Because of their strength, speed, and intelligence, they may 
also be extremely dangerous. 

Safety is of paramount concern in an elephant barn. Any work 
with captive elephants uses training in conjunction with two differ- 
ent methods of handling: (1) nonrestricted contact, in which the 
elephant and the handler share space, and (2) restricted contact, in 
which the elephant and the handler do not share space or, if they 
do share space, the elephant is tethered. The use of either restricted 
or nonrestricted contact requires adequate training of both elephant 
and handler. In range countries, captive animals are handled almost 
entirely in nonrestricted contact. Circuses and organizations that use 
performing elephants also rely extensively on nonrestricted contact. 
Zoologic and breeding facilities generally use a combination of tech- 
niques that depend on the situation, the animal, and the experience 
of the handlers. The AZA has mandated the use of restricted contact 
in all AZA-accredited facilities in North America by 2014, with 
exceptions made for specific situations requiring direct access to the 
elephants. Training for these exceptions is also needed. 

Tools used for elephant restraint include leg restraints or tethers 
and a guide, formerly known as an ankus or bullhook. The guide is 
a stick, made of metal, wood, or fiberglass with a prong at the end. 
The prong is tapered into a point that may push or pull at skin but 
not so sharp that it breaks the skin. The guide has been highly 
politicized by some who maintain that its only purpose is to beat 
and abuse elephants. It goes without saying that this is an entirely 
inappropriate use of this—or any—tool. In truth, the guide acts as 
an extension of the human arm to enable the handler to direct the 
animal to move in a desired direction. The AZA, the Elephant Manag- 
ers Association (EMA) and the American Veterinary Medical Associa- 
tion (AVMA) all recognize the guide and tethers as appropriate tools 
in elephant management. 

Typically, elephants are trained for a variety of minor medical and 
husbandry procedures. However, elephants are sometimes not coop- 
erative when they are ill. In other situations, young elephants may 
not be reliably trained, and bull elephants, whether in musth or not, 
may be unpredictable. In these situations, chemical restraint or 
general anesthesia may be helpful. For surgical procedures, chemical 
restraint with analgesia is a necessity. 

Chemical restraint may be achieved by standing sedation or 
general anesthesia in lateral recumbency, with or without gas anes- 
thesia. It is necessary to remember that elephants often have unex- 
pected responses to anesthetic agents, which have to be used with 


great care and sensitivity; chemical restraint therefore has to be 
approached as both art and science. Discussing protocols beforehand 
with veterinarians experienced in sedating and anesthetizing ele- 
phants is recommended. Elephants sometimes go down into sternal 
or even lateral recumbency with a standing sedation protocol. Facili- 
ties should prepare in advance for this possibility by having reversal 
agents available and should perform the procedure at a location 
where the animal may go down without getting injured. 

Drugs typically used for standing sedation including 0-agonists, 
often combined with butorphanol. Azaperone has been used as a 
short-acting tranquilizer both by itself and with butorphanol added. 
Ultrapotent narcotics are typically used for general anesthesia.*' Etor- 
phine is preferred over carfentanil. Both halothane and isofluorane 
have been used to maintain anesthesia following endotracheal intu- 
bation. Various local anesthetics have been used in elephants. Use of 
adequate local anesthesia may sometimes decrease or obviate the use 
of other sedatives. However, infiltration of the drug may be extremely 
difficult because of the thickness of the skin. Some of these agents 
may, however, work well on mucous membranes.”! Table 53-2 lists 
drugs and doses for sedation and immobilization of elephants. Box 
53-1 lists reversal agents. The reader is strongly encouraged to 
consult some of the recent textbooks and literature on elephant 
sedation and anesthesia prior to any sedation procedure. 

Obtaining the accurate weight prior to drug administration facili- 
tates safer anesthesia. In wild elephants, this is obviously not pos- 
sible. Overdosing of drugs given for standing sedation is certainly a 
risk factor for an elephant falling. In wild animals, higher doses are 
used because the animals are less calm to begin with. However, 
underdosing is equally disadvantageous as it may cause excitement, 
incoordination, and ataxia. Frequent redosing may be dangerous and 
result in unwanted effects. 

Drug delivery may be performed by hand injection in a well- 
trained elephant or with darting equipment. Drugs should be deliv- 
ered into the triceps, upper muscles of the thighs, or gluteal muscles 
using long needles (at least 5 cm) to ensure intramuscular adminis- 
tration. Pole syringes or jab sticks should not be used in elephants 
that are not enclosed within an ERD, since they may turn quickly 
and grab the device from the handler. Wild elephants are typically 
darted using power-charged projectors, often from a helicopter.*! 

For elective surgeries, elephants should be fasted 24 to 48 hours 
prior to anesthesia, and water should be withheld for 24 hours. 
Appropriate padding is needed to prevent peripheral nerve damage 
and compartment syndrome while the elephant is in lateral recum- 
bency. Multiple large and thick mattresses or specially crafted water- 
beds may be used. Bolsters or large inner tubes should be placed 
between the legs.'® 

In a captive setting, elephants may be trained to lie down on 
command. If so, anesthetic drugs may be directly injected in the 
awake, recumbent animal, which avoids the elephant falling and 
being injured during induction. If this is not possible, a system of 
ropes or a sling may be used to pull the elephant into recumbency.”° 
Site hazards such as moats, pools, and parked equipment should be 
evaluated beforehand and altered, if needed.” 


BOX 53-1 Reversal Agents for Sedatives Used 


in Elephants 


Drug Dose* 

Naloxone?! 0.004 

Naltrexone’! 50-100 mg naltrexone per 1 mg opioid 
Naltrexone®? 2.0-3.5 

Atipamazole® 0.1-0.16 

Tolazoline?! 0.5 

Yohimbine?' 0.073-0.098 


*Dose mg/kg unless otherwise stated. 
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TABLE 53-2 
Drug Dose* Speciest Route Notes 
Azaperone” 0.024-0.038 E.m. ntramuscularly (IM) Short-acting tranquilizer 
Azaperone” 0.056-0.107 La. M, intravenously (IV) Short-acting tranquilizer 
Carfentanil”" 0.002-0.004 E.m. M Immobilization agent 
Carfentanil?! 0.0013-0.0024 La. M Immobilization agent 
Detomidine plus 0.013-0.02 Lia. M Standing sedation 
Butorphanol”” 0.013-0.02 
Detomidine plus 0.02-0.03 E.m. young calf Standing sedation, but may cause very 
Butorphanol® 0.02-0.03 young elephants to lie down 
Etorphine”" 0.002-0.004 E.m. İmmobilization agent 
Etorphine”" 0.0015-0.003 L.a. Immobilization agent 
Medetomidine”" 0.003-0.005 E.m. Sedative 
Xylazine”) 0.04-0.08 E.m. M Sedative 
Xylazine”' 0.08-0.1 L.a. M Sedative 
Xylazine plus Xylazine: 0.035-0.16; L.a. M or IV Can give separately with xylazine IM first 
Butorphanol?! Butorphanol”1: 0.005-0.036 followed by butorphanol, IV, 20 minutes 
later, or together IV 
Xylazine plus Xylazine: 0.1, Ketamine E.m. M 
Ketamine?! 0.3-0.7 
*Doses are in milligram per kilogram (mg/kg) unless otherwise stated. 
TE.m., Elephas maximus; L.a., Loxodonta africana. 
Following induction, intubation may be done using a 30- to SURGERY 


50-mm internal diameter (ID) cuffed endotracheal (ET) tube in an 
adult, a 12- to 16-mm ID tube in a newborn calf. The elephants 
mouth may be pulled open with cotton ropes and a bite block placed 
between the upper and lower molars on one side of the jaw prior to 
intubation. Another technique is to place a strap around the lower 
jaw and attach it to a rope running between the animal’ front legs. ” 
Intubation is done blindly with the use of a 2-m stylet or an equine 
stomach tube used as a guidewire. With one’s gloved arm inserted 
into the back of the throat, the soft palette is pushed upward to 
access the epiglottis. The ET tube is then slipped over the stylet or 
ube into the trachea. The external portion of the ET tube may be 
taped to the trunk.'*”° 
A single large animal ventilator may be adequate in a young calf. 
Multiple large animal ventilators may be attached together in paralle 
o provide adequate tidal volume in adults. A few elephant-specific 
ventilators are also available, some of which have been developed 
for field use. ” 

Monitoring of the animal under anesthesia may include pulse 
oximetry, capnography, electrocardiography (ECG), blood gas analy- 
sis, and blood pressure measurement. Hypotension may be signifi- 
cant in anesthetized elephants. Pharmaceutical agents that have 
been used to combat this problem include ephedrine and dobuta- 
mine. Circulatory support may also be provided vvith intravenous 
fluids. Hypertension and pulmonary edema (“pink foam syndrome”) 
have been reported in wild African elephants following opiate anes- 
thesia, but adding azaperone to the etorphine in a dart may be 
protective. ” 

In the past, complications reported vvith elephant anesthesia vvere 
numerous and included injury during induction, including tusk and 
bone fractures, respiratory and lactic acidosis, apnea, bloat, hypoten- 
sion and hypertension, nerve damage, prolonged recovery, cardiac 
arrhythmias, hypoxemia and death.'*’° In recent years, with the 
increased experience of veterinarians in the use of a variety of anes- 
thetic drugs and protocols, elephant anesthesia has continued to 
improve in safety. 


Surgery on elephants is often fraught with complications. Even a 
seemingly minor procedure such as suturing a laceration has the 
potential to go drastically wrong because elephants tend to open 
incision sites, destroy suture lines, eat bandages, and pack dirt, mud, 
and other debris into wounds. Conservative treatment such as cold 
hosing and flushing, use of topical therapies, and systemic antimi- 
crobials often is surprisingly successful in healing even large skin 
wounds. 

Abdominal surgeries such as cesarian sections and colic surgeries 
on adult elephants have been unsuccessful because of difficulties in 
obtaining adequate access to surgical sites as well as in manipulating 
the massive viscera. In addition, the thickness and toughness of the 
skin make both opening and closing incisions extremely difficult. 
Other complications include incisional dehiscence and surgical 
infection.” However, cesarian sections done for the purpose of 
removing dead calves are no longer performed because no animal 
has survived the procedure and also, more remarkably, because 
several pregnant elephants at multiple institutions have kept dead, 
full-term calves in their uterus for years without becoming septic. 
When the calves were finally passed, the bodies were neither mum- 
mified nor macerated.”” 

In the past several years, laparoscopic tools have been constructed 
specifically for vasectomies on wild African elephants. Multiple adult 
bulls were vasectomized without complications with the use of a 
sling to maintain the anesthetized animals in the vertical position.”" 
Vestibulotomy, or episiotomy, in which a large incision is made below 
the rectum to remove a dead calf from the birth canal, is another 
surgical reproductive procedure, which, however, has frequently 
resulted in poorly healing or nonhealing incisions.”” 

The most commonly performed surgeries in elephants are denta 
surgeries. Procedures on fractured tusks include extraction, pulp- 
otomy, and pulpectomy. These entail general anesthesia and specially 
crafted, elephant-sized dental equipment, along with experienced 
personnel.'° However, conservative therapy with antibiotics and 
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flushing and radiography to monitor progress have sufficed for some 
animals with broken tusks, even though the pulp cavity was open. 
One tusk extraction was performed by using rubber elastic bands 
that were advanced proximally, a little at a time each day, up the tusk 
of an unanesthetized elephant. This resulted in progressive loss of 
alveolar bone so that the tusk dropped from the sulcus in less than 
month.” 
Impacted molars usually require surgery. Molar disease may cause 
anorexia or colic because of difficulty masticating food. Molar 
removal is complicated, however, sometimes necessitating cutting 
he tooth into sections prior to removal. An experienced elephant 
dentist should be consulted about complex dental issues. 
Several procedures formerly done with some frequency are now 
rarely performed or not at all. An example is surgical castration of 
adult bulls, which was found not to decrease or only minimally 
decrease aggressiveness or musth. Surgical artificial insemination 
(AD is also infrequently performed because of the growing experi- 
ences and success of zoo veterinarians with endoscopic Al. 

Uncommonly performed surgeries in elephants include esopha- 
gostomy, tail amputation, trunk reattachment (unsuccessful), frac- 
ture repairs, biopsies of various tissues and organs, cataract surgery, 
umbilical hernia repair, temporal gland extirpation, and tumor 
removal. 

Elephant necropsies warrant mention here. They may be difficult, 
time consuming, and emotionally taxing but may add greatly 
general knowledge about elephants as well as about specific issues 
in a collection of animals. Necropsy guidelines may be found on the 
AZA website. Having an experienced pathologist available for con- 
sultation and preferably direct assistance may be very helpful. A team 
approach is needed for an elephant necropsy. These include indi- 
viduals to do the actual gross dissection, heavy machinery operators, 
and personnel to label and process tissue, sharpen knives, and record 
data. Prior to starting, the team should discuss how detailed the 
necropsy will be, review safety protocols for large cutting tools and 
heavy equipment, and discuss record keeping, sample collection, 
and submission. Disposal of the carcass should be determined in 
advance, whether it should be field burial or cremation. 

Another consideration at a necropsy is potential exposure to 
tuberculosis (TB) or other zoonotic diseases. Personal protective 
equipment includes gowns, gloves, boots, face shields, and respira- 
tors specifically designed to protect against aerosolized microorgan- 
isms (N-95 facemasks at a minimum). Surgical masks are not 
appropriate protection. Typically, the thorax is opened last, and if 
suspicious granulomatous lesions are present anywhere in the respi- 
ratory tract, the number of personnel is minimized, protective gear 
is donned, and power tools are avoided to decrease possible aero- 
solization. Multiple samples should be collected quickly and pack- 
aged securely. Any further manipulation of the carcass should be 
done only as needed for disposal and with minimal exposure of 
tissue. 


° 


PHARMACEUTICALS 


Scant pharmacologic studies have been performed in elephants, so 
clinicians are often left to extrapolate doses for elephants from those 
published for domestic hoofstock. Three techniques have been 
described: linear scaling, metabolic scaling, and allometric scaling. 
The first two techniques are seldom appropriate for elephants and 
have the most potential to result in significant overdoses and toxicity. 
Linear scaling simply inserts the weight of an elephant into a 
milligram-per-kilogram (mg/kg) dose established for another species. 
This method assumes that the pharmacokinetics are identical 
between the two species and that a linear scaler is adequate. As a 
result, linear scaling tends to vastly overdose larger animals. 

The metabolic scaling technique factors in a physiologic estimate 
such as metabolic rate. Because the scalar is nonlinear, the dosage 
estimates may be more accurate for larger animals, but identical 
pharmacokinetics between both species are still assumed. However, 
several papers have demonstrated that elephant pharmacokinetics 


are different from horse or cow pharmacokinetics and that this tech- 
nique also fails to predict accurate dosages. 

The last technique, allometric scaling, is probably the most 
appropriate with regard to elephants but requires having pharmaco- 
inetic data from multiple species about drug half-life, clearance, and 
olume of distribution which may be plotted against body weight. 
rugs most appropriate for allometric scaling are those that have 
ood flow—dependent clearance. This includes only a select few 
rugs, primarily antibiotic agents. 

Even when pharmacokinetic studies are done in elephants, they 
do not address pharmacodynamic issues, that is, how the drug 
behaves in the body—its efficacy, safety, and toxicity. In fact, many 
pharmaceutical agents cannot be safely extrapolated for use in ele- 
phants for reasons that include differences in elephant liver and 
kidney physiology, drug conjugation mechanisms, and underlying 
metabolism. An excellent discussion of the issues involved in drug 
dose extrapolation to elephants may be found in the article by 
Hunter and Isaza.” 

Elephants may be medicated through a variety of routes. Ora 
administration is ostensibly the most straightforward technique, but 
elephants are highly sensitive to unpleasant tastes and may refuse 
medications or spit them back out, even if mixed into pleasant- 
tasting substances such as honey or syrup. Elephants may be trained 
to use a bite block, but the author has had the experience of medi- 
cating an elephant orally with a bite block, watching the anima 
seeming to swallow and even eat hay for over 2 hours, and then 
surreptitiously spitting out the entire dose of pills in a corner o 
her pen. 

Intramuscular injections into the triceps or thigh muscles also 
require training. Repeated administration of drugs intramuscularly 
(IM) is apt to be painful and result in abscess or scar tissue forma- 
ion. This is a concern if long-term therapy is needed. The use of 
onger-acting formulations of various antibiotics may be considered, 
although they too may cause large swellings at the site of injection. 
Intravenous administration of drugs should be avoided unless an 
intravenous catheter has been placed either in an ear or saphenous 
vein. Several elephants have sloughed off large portions of their ears 
because of intravenous drugs leaking extravascularly. In addition, it 
is not always easy to distinguish between an artery and a vein in the 
ear, and some of the ear sloughing has been the result of vessel 
misidentification. Intravenous catheters, however, may be tricky 
both to place and to maintain in elephants and are subject to throm- 
bosis, hematoma formation, thrombophlebitis, and loss of patency. 
Elephants also remove them with their trunks. Giving large volume 
of fluids via intravenous catheter for circulatory support is often 
difficult as well. Furthermore, because elephant serum osmolarity is 
extremely low, all commercially available fluids are hyperosmotic to 
the serum. This has unknown clinical significance.” Subcutaneous 
administration into the folds of the neck is a possibility, but very few 
drugs have been evaluated using this route. 

Another route of drug administration in elephants is via the 
rectum. The elephant rectum is highly absorptive, and if the elephant 
is trained for allowing rectal ultrasonography, rectal drug administra- 
tion may also be done. Prior to drug administration, feces should be 
manually evacuated from the rectum. The drug should be mixed 
with warm water until dissolved in a large dosing syringe with a 
piece of soft rubber tubing attached. The syringe with attached 
tubing should be deposited into the rectum as far as the arm can 
reach before depressing the plunger. In addition, large volumes of 
plain water may also be given rectally for circulatory support. Ele- 
phants appear to absorb what they need by this method and excrete 
the rest. Rectal fluids may be given using a bilge pump or a garden 
hose turned to a moderate rate and a lukewarm temperature. Fluids 
should be turned off if the elephant strains, and turned back on 
when the rectum relaxes. Retention may be aided by holding the tail 
down firmly after administration.” 

Table 53-3 lists drugs used in elephants in which the pharmaco- 
kinetics were studied, Numerous reports exist of empirical dosing. 
For the reasons cited earlier, caution is advised. 
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TABLE 53-3 
Drug Species” Doset Route Notes 
ANTIBIOTICS 
Amikacin“? L.a. 6.0-8.0 Intramuscularly (IM) q24h Tested in 2 healthy elephants 
Amoxicillin?? E.m. 11.0 IM, q24h Tested in 5 healthy elephants 
Ampicillin”? E.m. 8.0 Orally (PO), q8or 12h Single dose tested in 3 healthy elephants 
Ceftiofur (short acting) ” Em: 1.1 IM, q8 or 12h Tested in 4 healthy elephants 
1:1 IV, q24h 
Ceftiofur (long acting)' E.m. 6.6 Subcutaneously (SC), q7-10d Tested in 11 healthy elephants 
Enrofloxacin™ E.m. 2.5 PO, q24h Tested in 6 healthy elephants 
Metronidazole** E.m. 15.0 Rectally, q24h Tested in 1 sick elephant 
Oxytetracycline (long Lia. 18.0 IM, q48h Tested in 18 healthy elephant calves 
acting)! 
Benzathine Penicillin G E m. 4,545.0 international IM, q24, 48, or 96h Dosing regimen dependent on organisms 
and Procaine Penicillin” units per kilogram targeted 
(IU/kg) Aqueous suspension used 

Tested in 5 healthy elephants 
Trimethoprim sulfa’? L.a. 22.0 PO, q12h Tested in 3 elephants 
NONSTEROIDAL ANTI-INFLAMMATORIES 
İbuprofen” E.m. 6.0 PO, q12h Single dose trial of 10 healthy elephants 
İbuprofen” L.a. 7.0 PO, q12h Single dose trial of 10 healthy elephants 
Ketoprofen® E.m. 1.0-2.0 PO, or IV q24 or 48h Single dose trial of 5 healthy elephants 
Phenylbutazone’ E.m 3.0 PO, q48h Single dose trial of 8 healthy elephants 
Phenylbutazone’ L.a. 2.0 PO, q24h Single dose trial of 10 healthy elephants 
OTHER AGENTS 
Famiciclovir ” E.m. 8.0-15.0 PO or rectally, q8h 
Ivermectin?” L.a. 0.2-0.4 PO Single dose trial of 6 healthy elephants 


“E.m., Elephas maximus; L.a., Loxodonta Africana. 
tDoses are in mg/kg unless otherwise stat 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Prior to any physical examination, the veterinarian and handlers 
should discuss what needs to be done, for which procedures the 
elephant is trained, and in which portions of the examination, if any, 
the elephant needs to be in an ERD. Records, including weight and 
nutritional data, as well as recent test results should be reviewed. 
The examination starts by observation of the elephant from a dis- 
tance. The elephant’ interactions with herdmates and behavior in its 
environment should be noted. Both wild and captive elephants are 
in almost constant motion, which is natural behavior that should not 
be equated with stereotypy. These motions include ear flapping, tail 
swishing, and shifting weight from one leg to another. They are 
related to temperature, communication with conspecifics, or simply 
movement of blood from the periphery to the heart. 

The examiner should note gait, which is a four-beat, evenly 
spaced, ambling walk but may also be a very fast walk. Elephants 
do not trot, pace, canter, or gallop. At higher speeds, elephants look 
like they are bouncing on coiled springs, which tends to be how 
young calves move. The backbone is flexible, and movement of the 
spine and evenness of gait should be noted. Lame elephants do not 
exhibit a head nod or a hip hike as do horses, and determining which 
leg is lame may be surprisingly difficult at times. Conformation 
should be noted, including varus or valgus deformities, which may 
be subtle or severe, whether one leg is shorter than another, and 
general proportions. 

Close-up evaluation starts with an assessment of the skin. African 
elephants usually have more wrinkles compared with Asian ele- 
phants. However, as Asian elephants age, their skin depigments 
irregularly on the edges of the ears, down the center of the trunk, 


and often on the body and legs as well, making the animal look as 
though it has pink freckles. In range countries, these are considered 
marks of distinction. 

Lumps and bumps on older elephants may become quite 
large but are rarely of medical significance. Asian elephants fre- 
quently develop verrucous, barnacle-like growths on their trunks 
and legs. These are normal. Large fibromas and hygromas on the 
body may be distinguished by ultrasonography. Bumps should be 
noted, measured, and monitored, but most of these lesions are 
benign, particularly if longstanding, and should not be routinely 
opened because of the likelihood of iatrogenically creating a difficult- 
to-treat infection. Large vulval papillomas occur commonly in old 
elephants. These are unsightly but benign. Bumps, nodules or vesi- 
cles appearing acutely on mucous membranes, however, warrant 
prompt investigation. 

Dark circles around the eyes of elephants are often noted in warm 
weather and are caused by secretions from glands in these areas. As 
noted earlier, elephants do not have a nasolacrimal system, so tears 
constantly drain down skin grooves along the sides of the face. 
Blepharospasm, not tearing, is a more reliable indicator of ocular 
disease. Fluid drainage from the temporal glands may also be seen. 
This drainage may occur in males and females of either species. In 
an adult male, however, temporal gland drainage usually indicates 
musth and suggests that continuing the examination close to the 
animal is unsafe. 

If the elephant is trained, the handler should ask the animal to 
lift each foot in turn to permit examination of the pad and sole. The 
pad is often smooth in younger animals and becomes roughened and 
ridged with age. Cracked, overgrown, or misshapen nails should be 
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BOX 53-2 Normal Vital Parameters for 


Adult Elephants 


36-37°C (97° F-99° F) 
10-12 breaths per minute 
4-5 breaths per minute 
25-35 beats per minute 
30-50 beats per minute 


Temperature: 

Respiratory rate, standing: 
Respiratory rate, sleeping: 
Heart rate, standing: 
Heart rate, recumbent: 


noted. Cuticles should be neatly trimmed although some elephants 
find this uncomfortable. If so, mild cuticle overgrowth is acceptable. 
Hangnails should be trimmed. 

Normal values for temperature, pulse and respiration are given 
in Box 53-2. To obtain body temperature, a thermometer should be 
placed in the center of a freshly passed fecal ball. The center of a 
ecal ball is marginally hotter than actual body temperature but 
provides a more accurate temperature reading than inserting the 
hermometer into the rectum. The consistency of the fecal ball 
should also be noted. African elephant manure is usually softer than 
Asian elephant manure, which tends to be firm and fibrous. Large 
undigested pieces of hay or extremely large fecal balls may indicate 
dental disease or other gastrointestinal (GI) issues. Nursing calves 
tend to have “milk stool,” which is quite soft and yellow and should 
not be confused with diarrhea. 

A pulse rate may be determined by placing the fingers on an 
auricular artery. Auscultation of the heart is generally possible only 
on elephants weighing less than 2270 kg (5000 pounds [Ib]). The 
elephant should be asked to lift the front leg (“salute position”), and 
the stethoscope should be placed behind the elbow. Respiratory rate 
may be measured by feeling air currents at the end of the trunk. 
Thoracic movements from breathing are generally subtle in ele- 
phants. The clinician should try to assess the odor of the air coming 
from the trunk, since elephants with pneumonia sometimes have a 
fetid smell coming from their trunks. Both African and Asian ele- 
phants often develop varying degrees of trunk paralysis with age. 
The cause of this is unknown. 

The elephant should be asked to open its mouth. It is extremely 
difficult to visualize the lower molars, but the upper molars can 
usually be seen. The surface of the tongue and the hard and soft 
palettes should be checked for ulcers, vesicles, or injury. Some ele- 
phants with elephant endotheliotropic herpesvirus (EEHV) have 
presented with oral ulcers or vesicles, but many have not. Elephants 
with severe dental disease often have halitosis. Elephants do bite, so 
putting the hand in the elephant’s mouth is discouraged. 

Diagnostics performed in elephants include blood work, typically 
a complete blood cell (CBC) count and serum chemistry, along with 
urinalysis. In elephants, assessing trends over time is often more 
helpful than evaluating a single sample, and regular sampling is 
optimal. Blood may be drawn from the veins on the back or front of 
the ear, with the elephant standing or in lateral recumbency. In cold 
weather, the veins may be extremely difficult to locate. Exercising 
the elephant or using a hair dryer or warm compress on the ear may 
help raise the veins. Blood may also be taken from the cephalic vein 
on the proximal medial forelimb or the medial saphenous vein, distal 
on the hindlimb. For either of these, a bungee cord or inflated bicycle 
inner tube used as a tourniquet may help raise the veins, which are 
deep and require the needle to be placed into the skin perpendicu- 
larly. A larger needle should be used to avoid lysing the massive 
erythrocytes. Hematologic and serum chemistry values are given in 
Tables 53-4 and 53-5. 

Elephants have the largest red blood cell (RBC) of all mammals, 
elephants and somewhat lower cell counts compared with other 
species.’ Reticulocytes do not normally appear in peripheral blood. 
The erythrocyte sedimentation rate in elephants is the fastest among 
those of all mammals, but how it changes in disease is unknown. 
Elephants have heterophils, rather than neutrophils, as well as eosin- 
ophils and basophils. They also have lymphocytes and two types of 


Complete Blood Count Values in Elephants* I 


Parameter Loxodonta Elephas 
White blood cells (x10° cells /ul) 9.83 (9.56) 12.29 (11.81) 
Red blood cells (x105 cells /ul) 2.93 (2.90) 2.91 (2.86) 
Hemoglobin (g/dL) 12.8 (12.8) 12.1 (12.0) 
Hematocrit (%) 37.0 (36.9) 35.6 (35.0) 
MCV (fL) 125.5 (125.6) 122.3 (122.8) 
MCH (pg) 44.1 (44.1) 41.7 (42.0) 
MCHC (g/dL) 35.1 (35.0) 34.1 (34.4) 
Segmented neutrophils 3.34 (3.03) 3.6 (3.09) 
[heterophils] (x105/ul) 
Lymphocytes (x105/ul) 4.14 (3.81) 3.53 (2.74) 
Monocytes (cells/ul) 2050 (1559) 4780 (5287) 
Eosinophils (cells/ul) 175 (130) 293 (233) 
Basophils (cells/ul) 135 (105) 121 (115) 
Platelets (x10°/ul) 381 (313) 447 (411) 


*Values given are mean (median). 

From Teare JA, ed: 2013, “Elephas maximus. No selection by gender. All 
ages combined. Standard International Units. 2013 CD.html” and “Lox- 
odonta africana. No selection by gender. All ages combined. Standard 
nternational Units. 2013 CD.html” in ISIS Physiological Reference Inter- 
vals for Captive Wildlife: A CD-ROM Resource., International Species 
nformation System, Bloomington, MN. 


monocytes. One type of monocyte is unsegmented and visually 
identical to the monocytes of any other mammalian species. The 
other is bilobed, sometimes trilobed. Whether functional differences 
exist between these two cell types is unknown.'! Monocytes often 
increase during inflammation or infection. Band heterophils, even in 
very small numbers, may indicate severe inflammation. The caveat 
is that the large size of elephant erythrocytes and the two types of 
eukocytes have been known to confound automatic blood analyzers. 
Validation of these machines should be performed in advance, and 
a blood smear should be manually read by an experienced clinical 
pathologist. 

On the serum chemistry, elephants demonstrate lower sodium 
and chloride values compared with other species. Serum osmolarity 
is significantly lower than in other species. Total protein is usually 
high, consisting primarily of globulins. Elephants have blood groups 
and preformed blood group antibodies. They should be cross- 
matched in advance if the need for a transfusion arises.” 

Amylase is always high, which is likely a function of the testing 
methodology rather than a reflection of pancreatic function. Liver 
enzyme alterations are difficult to interpret because their specificity 
and relationship to hepatobiliary disease is unknown. The clinician 
is reminded that elephants do not produce bile acids; currently, no 
iver function tests are validated in elephants. Blood urea nitrogen 
(BUN) and creatinine are generally low. 

Urine may be obtained by free catch, and typically a cup is 
attached to a broom handle and held under the elephant. Normal 
urine varies in color from pale yellow to dark orange and is highly 
crystalline and generally alkaline. Transient glycosuria and ketonuria 
may occur in otherwise healthy animals. Specific gravity tends 
around 1.020, but very elderly elephants often produce hyposthe- 
nuric urine, which likely represents a degree of renal disease. Here, 
too, trends over time are useful. Urine culture is difficult to interpret, 
since contamination from normal bacterial flora inside the urogenital 
canal occurs during voiding. Elephant urine cannot be used to 
confirm prerenal, renal, or postrenal azotemia because in elephants, 
normally urine is not significantly concentrated even if the animal is 
dehydrated.*° Oddly, newborn elephants often pass extremely con- 
centrated urine initially after birth, but within 24 hours, the specific 


TABLE 53-5 
Biochemistry Blood Values in Elephants* 
Parameter Loxodonta Elephas 
Glucose (mo/dL) 85 (85) 87 (86) 
Blood urea nitrogen (mg/dL) 9 (9) 12 (12) 
Creatinine (mg/dL) 1.3 (1.3 1.5 (1.5 
Uric acid (mg/dL) 0.2 (0.1 0.2 (0.2 
Calcium (mg/dL) 10.9 (10.8) 10.6 (10.5) 
Phosphorus (mg/dL) 4.9 (4.8 4.8 (4.7 
Sodium (mEq/L) 129 (129) 131 (130) 
Potassium (mEq/L) 4.8 (4.7 4.6 (4.6 
Chloride (mEq/L) 89 (89) 91 (91) 
Total protein (g/dL) 7.8 (7.8 8.1 (8.2) 
Albumin (g/dL) 3:1:3.2 3.2 (3:2 
Globulin (g/dL) 4.6 (4.6 4.8 (4.8 
Fibrinogen (mg/dL) 264 (255) 389 (400) 
Alkaline phosphatase (IU/L) 96 (88) 115 (101) 
Lactate dehydrogenase (IU/L) 937 (984) 411 (336) 
Aspartate aminotransferase (IU/L) 20 (18) 19 (18) 
Alanine aminotransferase (IU/L) 8 (5) 9 (6) 
Creatine kinase (IU/L) 223 (199) 177 (145) 
Gamma-glutamyltransferase (IU/L) 10 (10) 6 (6) 
Amylase (IU/L) 1798 (1214) 2247 (1008) 
Lipase (IU/L) 9 (6) 17 (23) 
Bilirubin, Total (mg/dL) 0.2 (0.2) 0.2 (0.2) 
Bilirubin, Direct (mg/dL) 0.1 (0.1) 0.1 (0.1) 
Bilirubin, Indirect (mg/dL) 0.1 (0.1) 0.1 (0.1) 
Cholesterol (mg/dL) 72 (70) 42 (42) 
Triglyceride (mg/dL) 60 (53) 50 (44) 
Bicarbonate (mEq/L) 25.6 (26.0) 24.9 (25.0) 
agnesium (mg/dL) 2.23 (2.30) 2.17 (2.14) 
Iron (ug/dL) 80 (80) 63 (62) 
Carbon dioxide (mEq/L) 25.4 (25.5) 24.7 (25.0) 
ogesterone (ng/mL) 


ú 


0.43 (0.30) 0.34 (0.25) 


*Values given are mean (median). 
From Teare JA, ed: 2013, “Elephas maximus. No selection by gender. All 
ages combined. Standard International Units. 2013 CD.html” and “Lox- 
odonta africana. No selection by gender. All ages combined. Standard 
International Units. 2013 CD.html” in ISIS Physiological Reference Inter- 
vals for Captive Wildlife: A CD-ROM Resource, International Species Infor- 
mation System, Bloomington, MN. 


gravity drops to a level comparable with that of adults (Wiedner, 
unpublished). 

Other diagnostics may be challenging in elephants. In some cases, 

his is because normal values have not been established for the 
species or tests have not been adequately validated. In other cases, 
the size of the animal or safety issues preclude diagnostic testing. 
Most require training the animal in advance to tolerate the proce- 
dure. In some cases, anesthesia is necessary. 
Rectal examination and rectal ultrasonography may be performed 
in smaller animals. Transabdominal ultrasonography may help assess 
intestinal motility and intestinal wall thickness.” Drenching the 
elephant’ skin with water before placing the gel-covered ultrasound 
probe on it often improves the image. Gastric endoscopy on smaller 
animals may be performed with the animals under sedation or 
anesthesia. 
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ECG may be performed in standing and recumbent animals but 
requires modifications to the leads so that they may be attached to 
the thick skin of the elephant. ECG measurements and values have 
been reported, and use of Lead 1 is recommended. Sinus arrhythmia 
and U-waves are normal in elephants. Values of cardiac enzymes 
such as troponin isoenzymes have not yet been validated.’ 

Both direct and indirect ophthalmology may be performed. 
Ocular disease is common in elephants, and fluorescein staining is 
important in checking for ulcers. Elephants must be trained to toler- 
ate light being shined into their eyes because they would otherwise 
shut their lids tightly in response. Auriculopalpebral nerve blocks 
are not possible because the nerves are too deep. Transpalpebral 
ultrasonography is a noninvasive way to examine all parts of the eye.” 
Schirmer tear strips may be used to evaluate tear production. Con- 
junctival samples may be obtained by placing a sterile swab into the 
medial canthus of the eye and gently rubbing the conjunctiva with 
the swab.* 

The respiratory tract may be difficult to evaluate. Auscultation is 
not helpful in adult animals, but may be useful in calves. A 3-m 
endoscope may be used to evaluate the length of the trunk; sedation 
or anesthesia is needed. Blood gas analysis and pulse oximetry 
are commonly performed in anesthetized elephants but are difficult 
to perform stallside. The trunk wash, usually used for TB detection 
(discussed later), may also be used for bacterial culture in suspected 
cases of pneumonia; performed correctly, it represents the microbiota 
of the lower respiratory tract. A caveat with regard to interpretation 
is that the elephant trunk is normally filled with numerous organ- 
isms, some of which may be pathogenic but may not be causing 
disease in the animal. These may contaminate the trunk wash. 

A properly performed trunk wash requires the participation of a 
rained elephant, although trunk washes have been obtained from 
wild elephants placed under anesthesia.” Sterile saline (60 milliliters 
mL|) is instilled into one nostril of the trunk with a dosing syringe. 
Then the handler lifts the trunk tip high in the air and places a 
1-quart plastic zipper bag over the end of the trunk. The trunk is 
owered, and the elephant is given a command to exhale forcefully. 
Ideally, 65% to 70% of the original 60 mL of saline will be recovered, 
along with visible mucus. The amount of dirt in the sample may be 
reduced by doing the trunk wash first thing in the morning before 
the elephants leave the barn. Special procedures may be needed for 
bull elephants that will not tolerate handling of their trunks. These 
include training the male to inhale and exhale saline from pipes or 
sinks built into the ground. After the saline is exhaled into the con- 
ainer, the bull is removed from the enclosure so that the sample 
may be recovered. 
Both radiography and ultrasonography may be used in elephants. 
Reproductive ultrasonography (discussed later) is used extensively 
in captive breeding programs to monitor pregnancy and assess repro- 
ductive tract health. Ultrasonography of the abdomen and thorax 
may be performed in young animals, although sedation may be 
required beforehand. However, in adult elephants, even the lowest- 
frequency ultrasound probes seldom provide adequate depth of pen- 
etration to allow clear visualization of internal organs.” 
Radiography of elephant feet may be performed by using either 
plain film or digital systems. Because of the shape of the elephants 
foot, two orthogonal views are not possible. Thus, the angle of the 
x-ray beam used to take foot films should be consistent. A tripod 
and mounted protractor may improve repeatability. Great variation 
may occur in the shape of the third phalanx of each digit, so it is 
important not to confuse normal changes with pathology. The last 
phalanx is often saucer shaped and may have multiple sites of ossi- 
fication. These should not be confused with osteomyelitis or fracture, 
respectively. The last phalanx may also be absent, which may be 
normal,” 

Radiography of bones proximal to the foot require a high povver 
x-ray generator. In elephants, the ulna is much larger than the radius. 
The chest and abdomen may only be radiographed successfully in 
calves. The tusks of elephants may be radiographed to identify the 
pulp cavity prior to trimming the tusk tips. 
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Thermography has also been attempted in elephants, but very 
little hard data is available on its use. Computed tomography (CT) 
and magnetic resonance imaging (MRI) have been used for anatomic 
studies on cadaver legs and heads. 


DISEASE 


Elephants are susceptible to a variety of infectious and noninfectious 
diseases, but recognizing that they are even sick may be difficult. 
Elephants often hide signs of illness until the disease has progressed 
significantly. Subtle signs of illness include decreased appetite, 
changes in manure or urine production, changes in herd interac- 
tions, difficulty rising, refusal to lie down, yawning, biting the trunk, 
standing or lying down in odd positions, and stretching. Elephants 
are thought not to be able to cough or vomit because of their 
anatomy. Close familiarity with the animal is necessary to recognize 
mild changes in behavior, and veterinarians should strive to com- 
municate closely with keepers who are generally the eyes and ears 
of the elephant barn. 


Infectious Disease 


EEHV is arguably the most serious disease threat to elephants, both 
wild and captive. EEHV may cause acute hemorrhagic disease, with 
a mortality rate of approximately 85%, if untreated. Young Asian 
elephants between the ages of 1 and 4 years are most commonly 
affected, but cases have also occurred in African elephant calves, 
and in adults of both species. Multiple species of EEHV have been 
identified; those most commonly associated with severe disease are 
variants of EEHV-1, namely, EEHV-la and EEHV1b. However, all 
elephants may carry multiple species and strains of EEHV— including 
EEHV-1—and yet never develop clinical disease. 

EEHV is not a disease of captivity. Although the epidemiology is 

still under investigation, it is known that the viruses are routinely 
shed in respiratory, conjunctival, and vulval secretions of asymptom- 
atic elephants, suggesting they are endemic in all elephants.”” Hem- 
orrhagic disease caused by EEHV has been confirmed in wild 
elephants in multiple Asian range countries. In Africa, hemorrhagic 
disease has not yet been confirmed, but various species and strains 
of EEHV have been recovered from the skin and pulmonary nodules 
of asymptomatic wild elephants.” The cohabitation of Loxodonta and 
Elephas in captivity does not appear to be a risk factor, as previously 
thought. The pathophysiology leading to sporadic outbreaks of hem- 
orrhagic disease is unknown. 
Phylogenetic analyses suggest that the EEHVs are as ancient as 
elephants themselves, and have evolved in conjunction with the 
Elephantidae. The EEHVs are B-herpesviruses in the genus Probos- 
civirus, however, elephants are also hosts to multiple ancient 
y-herpesviruses, which are not associated with hemorrhagic disease. 
Although the index case of EEHV occurred in a young Asian elephant 
at the Smithsonian's National Zoo in 1995, testing of historical blood 
samples from elephants that died acutely has identified cases of 
EEHV-associated disease occurring much earlier. These findings indi- 
cate that the disease has been present in elephant populations for a 
long time but has been recognized only recently.” Several elephants 
with vague signs of colic and anorexia have tested positive with the 
polymerase chain reaction (PCR) for various species of EEHV, but it 
is unclear whether EEHV caused the signs or opportunistically 
appeared secondarily to another disease process. It is also possible 
that EEHV may cause different syndromes, only one of which is 
hemorrhagic disease. 

Early signs of hemorrhagic EEHV-associated disease are nonspe- 
cific, with lethargy being most commonly reported. The disease 
progresses quickly, with animals dying within 24 to 72 hours of 
initial presentation. Some animals have developed oral ulcerations, 
but many have not. Cyanosis and edema of the tongue and head 
appear to be late stage signs. Lameness, heart murmurs, heart 
arrhythmias, and sleepiness have also been reported.” 

The viruses target vascular endothelial cells, causing leakage of 
blood and plasma into the extravascular space. Most elephants 


appear to die of circulatory shock rather than blood loss.” At nec- 
ropsy, widespread hemorrhage and petechiation of multiple organs 
are seen, along with hemopericardium, cerebral bleeding, and 
cerebral edema. Histopathologic findings include intranuclear viral 
inclusion bodies, as well as necrosis and edema in multiple blood 
vessel walls. Viral deoxyribonucleic acid (DNA) may be confirmed 
in multiple organs. Clinical pathology findings include severe throm- 
bocytopenia, anemia, hypoproteinemia, and a left shift.” 

Currently, antemortem diagnosis may only be done by PCR assay 
of whole blood. Results take a minimum of 24 hours, and only a few 
aboratories worldwide are able to perform this test. Because of the 
rapid progression of the disease, most clinicians choose to start treat- 
ment on the basis of suspicion of EEHV-associated disease and before 
confirmation of infection. Aggressive therapy is thought to have 
dropped the mortality rate since 2009 significantly. Early, aggressive 
luid therapy appears to be essential. The use of antivirals, usually 
amciclovir (oral or rectal) and, at least one institution, ganciclovir, 
as well as nursing care, including nasal oxygen supplementation, 
antibiotics, and antioxidants, are typically used.” 

At the time of this writing, none of the EEHVs have been suc- 
cessfully grown in cell culture despite intensive efforts to do so. This 
has hampered studies of pathophysiology as well as research focused 
on antiviral choice and vaccine development. 

TB, in contrast, is generally diagnosed in adult elephants, more 
often in Asian elephants than in African elephants. It is commonly 
caused by Mycobacterium tuberculosis, but several cases of M. bovis 
have also been reported. Single cases of M. szulgai, M. avium, and M. 
elephantis, all of which are atypical mycobacteria, have been recorded 
as well. The disease is uncommon in the United States, where the 
median point prevalence of M. tuberculosis in Asian elephants 
between 1997 and 2011 is calculated at 5.1% and at 0% in African 
elephants.'’ The point prevalence in other countries is unknown. 
Latency is suspected to occur in elephants. 

Definitive diagnosis of TB is through culture. In elephants, the 
gold standard antemortem test is the trunk wash, described earlier. 
PCR test, high-performance liquid chromatography (HPLC), and 
DNA sequencing have been used for mycobacterial identification. 
Strain genotyping is performed with spoligotyping, variable number 
tandem repeat (VNTR) sequences, restriction fragment length poly- 
morphisms (RFLP), and whole or partial genome analysis. Other 
diagnostic tests are nondiagnostic (purified protein derivative [PPD 
skin test) or cannot be done (chest radiography) in elephants. Tests 
of cell-mediated immunity, the more relevant branch of acquired 
immunity for intracellular pathogens such as mycobacteria, have 
been minimally investigated for use in pachyderms. These include 
the interferon-gamma (IFN-y) test and T-cell proliferation assay. 
Although culture of trunk washes is 100% specific, it is not particu- 
larly sensitive, since infected elephants may shed the TB bacteria 
infrequently. 

In human-to-human transmission of TB when active pulmonary 
disease is present, the risk of infection is proportional to the degree 
of closeness and length of exposure.” Small, enclosed spaces with 
shared ventilation and prolonged or repeated exposure increase the 
likelihood of transmission of M. tuberculosis organisms.” It is prob- 
able that the occupational health risk of individuals such as veteri- 
narians and handlers who work closely with TB-positive elephants 
is similar to the risks associated with human-to-human transmission. 
In a few cases, handlers of TB-positive elephants have converted to 
latent reactors on the PPD skin test. However, the risk of an elephant 
transmitting the infection to a member of the general public during 
a circus performance, elephant ride, or outdoor viewing at a zoo is 
considered negligible. First, M. tuberculosis is inactivated by sunlight 
and other ultraviolet (UV) light.” Second, no evidence suggests that 
M. tuberculosis is spread through fomites or contaminated surfaces or 
over long distances by wind currents.” 

Serologic tests, including the Stat-Pak, Multi-Antigen Print 
Immunoassay (MAPIA) and Dual Path Platform test (DPP), are used 
as screening tests but are not confirmatory tests and should not be 
used as definitive regulatory tests. Serologic tests have been 


associated with high numbers of false-positives and poor intertest 
agreement.” In 2011, the World Health Organization (WHO) stated 
that serologic tests are unsuitable for the diagnosis of tuberculosis in 
humans.” It is hoped that this will also be recognized in the veteri- 
nary community because positive TB serology has been used to make 
treatment and euthanasia decisions for zoo animals in several cases 
where the animal, in fact, did not have the disease.””” 

In the United States, testing and treatment protocols for elephants 
with TB have been created by the U.S. Department of Agriculture 
(USDA) and may be found on the USDA website. These protocols 
mandate a multidrug regimen to be administered over 15 to 18 
months. The drugs include isoniazid (INH), rifampin, pyrazinamide, 
and ethambutol. Other drugs such as fluoroquinolones and amikacin 
may be substituted in specific situations. Serum drug levels estab- 
ished for treated elephants are transposed from the levels recom- 
mended for humans with TB. However, both the pharmacodynamics 
and pharmacokinetics of the antituberculous drugs in elephants are 
different from those in humans. Severe side effects and suspected 
fatalities have occurred in elephants treated with these protocols.” 
These problems suggest that human serum levels are toxic for ele- 
phants. Isoniazid is particularly problematic as a first-line drug 
against TB, since it has an extremely narrow margin of safety and is 
quite hepatotoxic. Adverse effects of INH seen in elephants resemble 
hose reported in domestic farm animals more than those reported 
in humans. They include colic, depression, inappetence, and fetid, 
scant, and black feces.”” As in humans, however, elevations in hepa- 
tocellular enzymes are common.” INH doses and frequency of 
administration may be altered if toxicity occurs, and several treated 
elephants have tolerated prolonged INH dosing intervals. 

Most elephants with TB do not show clinical signs. In only a very 
few end-stage cases, lethargy and weight loss have occurred. Without 
specific clinical signs, monitoring the progress of antituberculosis 
reatment in elephants is difficult. From an evidence-based perspec- 
ive, three factors may be monitored during TB treatment: (1) 
whether or not the animals are shedding, which may be determined 
from trunk wash cultures; (2) measurement of blood levels of anti- 
uberculosis medications to determine if bactericidal doses are being 
given (based on in vitro testing), and (3) clinical evidence of drug- 
induced toxicity, which, if identified, should prompt decreasing that 
medication’s dosage or discontinuing it entirely. 

Anthrax (Bacillus anthracis) has been reported in wild and captive 
elephants of both species. The disease is zoonotic, and cases of 
human anthrax have occurred as the result of individuals handling 
elephant tusks with surface contamination by anthrax spores. 
Sudden death is the most typical presentation, but colic, diarrhea, 
weakness, petechiation and hemorrhage, and convulsions may 
occur. Diagnosis, which is seldom made with antemortem examina- 
tion, is through blood culture. The carcasses of affected animals need 
to be burned, and insect control is required to prevent further 
spread. Oral vaccines have been preventive in elephants.” 

Encephalomyocarditis virus (EMC) is a cardiovirus (family Picor- 
naviridae), which has caused sporadic outbreaks in captive and wild 
African and Asian elephants worldwide. Rodents are the reservoir 
hosts, and transmission is by the fecal-oral route. Elephant-to- 
elephant transmission does not occur. Sudden death is the most 
common presentation. In milder cases, the heart may be damaged, 
and survivors often have weakened hearts. However, some animals 
remain asymptomatic even with active infection. Diagnosis is usually 
made at necropsy from viral culture of tissue. Necropsy findings that 
should increase suspicion of EMC include hydropericardium, white 
streaks throughout the myocardium, and myocardial degeneration 
seen histopathologically. Electron microscopy sometimes identifies 
viral particles in heart tissue. Inactivated vaccines have been specially 
produced for affected facilities and used during outbreaks. Routine 
vaccination against EMC, however, is uncommon." 

Foot and mouth disease (FMD), caused by an aphthovirus (family 
Picornaviridae), is thought to have affected wild and captive Asian 
and African elephants. Transmission is by direct contact, inhalation 
of aerosolized virus, fomites, and contaminated feed and water. 
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Affected elephants present with anorexia, vesicles on mucosal sur- 
faces, trunk exudate, and swelling of the feet. Lameness is common, 
and in severe cases, the nails and the slipper slough off. The oral 
lesions may cause anorexia because of pain. FMD is reportable, and 
suspected cases must be quarantined until diagnosis is confirmed via 
electron microscopy, serology, viral culture, or PCR assay. Treatment 
is supportive. Some countries have specific requirements for eutha- 
nasia or vaccination.'” 

Multidrug resistant Staphylococcus aureus (MRSA) has been the 
cause of morbidity and mortality in calves in the United States and 
Europe. The animals typically present with localized skin pustules, 
along with diarrhea and depression. Diagnosis is by bacterial culture. 
Both zoonotic and reverse zoonotic transmission have occurred. 
Treatment requires antibiotics, supportive therapy, and increased 
hygiene and sanitation. ’ 

Acute pasturellosis, also called hemorrhagic septicemia, is caused 
by Pasturella multocida and has been reported in Asian range coun- 
ries, where it is thought to be contracted from domestic cattle. Is it 
suspected, however, that some of these cases, which were diagnosed 
entirely on clinical appearance, may actually be EEHV deaths. Trans- 
mission is via inhalation, ingestion, and contaminated wounds. 
Affected elephants present with anorexia, yawning, high fevers, hot 
painful lymph nodes, dyspnea, diarrhea, or sudden death. Diagnosis 
is by bacterial culture. Treatment is with antibiotics but excellent 
sanitation is needed as well. Cattle vaccines have been used in ele- 
phants in several countries.” 
Elephantpox, caused by an orthopoxvirus (family Poxviridae), is 
associated with rodent vectors, which may also be reservoirs. Trans- 
mission occurs via direct contact with the virus on fomites or other 
infected animals. Like other poxviruses, elephantpox causes local- 
ized or generalized vesicles on the skin and mucous membranes, 
inflammation of affected tissue, and signs of systemic disease includ- 
ing fever and anorexia. The disease may be fatal. Pox vesicles are 
arge, measuring up to 2 cm in diameter and are often yellowish. 
They eventually coalesce, become necrotic, and slough. In some 
elephants, nails and slippers slough off. Secondary bacterial infec- 
ions are common. Necropsy findings include lesions on internal 
organs and mucous membranes. Intracytoplasmic inclusion bodies 
(Bollinger bodies) may be seen on light microscopy, and viral par- 
icles on electron microscopy. No specific treatment is available 
except for nursing care. Some animals require antibiotics and 
analgesics. Rodent control is necessary to control and eliminate 
outbreaks. Vaccination using vaccinia strains has been success- 
fully employed during outbreaks. The disease is thought to be 
zoonotic.” 

Several cases of rabies, reported in Asian elephants in range 
countries, is caused by a lyssavirus (family Rhabdoviridae). Affected 
animals display a variety of neurologic signs, as well as ptyalism, 
anorexia, and excessive vocalization. The disease is virtually always 
fatal and is spread through saliva from the bites of infected animals. 
Diagnosis is only possible at necropsy. Vaccination appears to be 
protective. * 

Salmonella spp. is anecdotally more likely to affect African ele- 
phants than Asian elephants. Transmission is by the oral—fecal route, 
and elephants tend to show classic signs such as diarrhea, colic, 
depression, and anorexia. Other signs include sepsis, abortion, 
vaginal discharge, and death. Diagnosis usually requires multiple 
fecal cultures. Septic animals will be positive on blood culture. The 
PCR test may indicate the presence of the organism but not whether 
it is actively being shed. Strain identification may be useful. Antibiot- 
ics do not stop fecal shedding and are controversial in treating this 
disease, but if young animals are involved, antibiotic therapy may 
be necessary to control secondary infections. Aggressive fluid therapy 
is usually necessary, and hygiene and sanitation should be strictly 
maintained. Salmonella is zoonotic. ” 

Tetanus has been reported in multiple elephants. Following 
vvound contamination by Clostridium tetani, tetanospasmin, the toxin 
hat causes the classic signs of tetanus, including trismus, hyperes- 
hesia, muscle spasms, and a savvhorse stance, is elaborated by the 
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bacterium. Death results from respiratory failure. Affected elephants 
have been treated with high doses of penicillin, tetanus antitoxin, 
and supportive care, but the fatality rate is high. Regular vaccination 
with tetanus toxoid appears protective.*! 


Noninfectious Disease 


Elephants are also subject to a wide variety of noninfectious diseases 
affecting various organ systems. Dental disease has already been 
mentioned. Elephants also develop a host of ophthalmologic prob- 
lems, including cataracts, superficial and deep corneal abscesses, and 
retinal disease. Any of these conditions may result in blindness. 
Parasitic ocular disease is well documented in wild elephants. Elderly 
elephants often show evidence of corneal degeneration. The cause is 
unknown, but topical application of nonsteroidal anti-inflammatories 
and calcium EDTA (ethylenediaminetetraacetic acid) solution has 
been helpful. 

Both atherosclerosis and arteriosclerosis occur in wild African 
elephants. Coronary infarctions, aneurisms, and cardiomyopathy 
have been reported in both Asian and African elephants. Congenital 
cardiac abnormalities have been reported in calves.’ 

GI disease in elephants includes surgical and medical colics. 
Surgical colics include a variety of strangulating obstructions. Unfor- 
tunately, because of the current impossibility of successfully perform- 
ing abdominal surgeries on adult elephants, these have all been fatal. 
Noninfectious causes of medical colics include sand, feed, and fecal 
impactions; esophageal obstructions (choke); and foreign body 
ingestion. Cholelithiasis, pancreatic malabsorption, and carcinoma- 
tosis have also caused GI disease in elephants. Unlike horses, ele- 
phants tend to show subtle signs of abdominal discomfort. Postural 
changes and straining may sometimes be seen in younger animals, 
but adults often simply go off feed and act depressed. Diagnosis may 
be as difficult as treatment, but assessment of vital signs and blood 
work, along with rectal and transabdominal ultrasonography may be 
helpful.” 

Renal disease occurs with some frequency in elephants. Urolithia- 
sis and nephrolithiasis resulting in dysuria and even obstruction have 
been reported. Medication-induced nephrotoxicity, pyelonephritis, 
and acute and chronic renal failure also occur. Diagnosis involves 
urinalysis, blood work, and rectal ultrasonography of the urogenital 
ract. On smaller animals, trancutaneous ultrasonography may be 
possible for visualizing the kidneys.”” 

Neoplasia appears to be common in older elephants, although 
infrequently reported in the literature. Uterine leiomyomas, are 
common in older nulliparous Asian covvs.”” These tumors may get 
quite large with necrotic centers that may break off and pass down 
the urogenital canal. As a result, they are a frequent cause of non— 
kidney-related hematuria.”” 

Foot problems occur in both wild and captive elephants, both 
Asian and African. Any part of the foot may be affected and problems 
range from mild to life threatening. Lameness is not always present. 
Cracks in the nails may be superficial or deep. Superficial cracks 
often require little or no treatment, but deeper cracks generally 
require paring. Since deep cracks contact sensitive corium under- 
neath, they tend to be more painful. Spraying a topical anesthetic 
into the crack before trimming may improve comfort. The edges of 
he crack should be gently beveled to help take the pressure off the 
area and prevent further cracking. The black tract within the crack 
should be carefully cleaned out. Since the toenails grow only from 
he nail bed at the top, and nails grow downward at a rate of 0.5 to 
1.0 cm month, a large crack may take several months to completely 
disappear. 

Other issues with the toenails include infections, swollen digital 
sweat glands, or formation of exuberant granulation tissue, colloqui- 
ally known as “crab meat.” This proliferative, primarily epithelial 
tissue may be very difficult to control, but cryotherapy has been 
successful in several cases. Trimming the tissue with a knife tends to 
cause pain and is bloody.” 

The sole and pad of the foot may develop bruises, abscesses, or 
punctures. Tetanus prophylaxis is necessary if punctures are noted, 


or if a foreign body is embedded in the foot. Bruising may occur 
from stepping on a sharp object, but the actual bruise may not 
become visible until several days after the incident causing the 
bruise. If the elephant is foot sore, analgesics are recommended. 
Infections or wounds in the slipper may become serious medical 
situations. Occasionally, elephants are placed into specially made 
boots to protect the foot while it is healing. Although slipper 
abscesses need to be opened and cleaned out, overly aggressive trim- 
ming and paring should be avoided, and the clinician is reminded 
that the pad is less than 1 cm thick. 

Osteoarthritis, or degenerative joint disease, is common in 
older elephants, both captive and wild. The causes of arthritis are 
debatable—and sometimes controversial—but conformation, history 
of injury, and obesity are likely contributors. Treatments have 
included analgesics, gentle exercise if not too painful for the animal, 
softer substrates, and weight loss in overweight animals to decrease 
stress on joints. Nutraceuticals have been used empirically. Very little 
data exists in support or against them.” 


Parasitic Disease 


Parasitic infections of elephants are common in range countries, but 
rare in the western hemisphere. Ectoparasites include biting lice (but 
not sucking lice), ear mites, and multiple tick species, one of which, 
Amblyoma tholloni, is a vector for Ehrlichia ruminatum (heartwater 
disease). Interestingly, none of the mange mites (Psoroptes, Choriop- 
tes, and Sarcoptes) has been reported on elephants. Ectoparasites may 
be associated with dermatitis and pruritus often behind the ears and 
at the base of the tail. Heavily infested animals often act agitated.”” 

Of the protozoans, only Trypanosoma evansi, has been associated 
with clinical disease in elephants. Cryptosporidium parvum has been 
hus far identified only in asymptomatic African elephants. Two 
piroplasms, Babesia spp. and Nutallia loxodontis, have been docu- 
mented but also without disease association; although many ele- 
phants have high titers to Toxoplasma gondii, the test is not validated 
in elephants, and its significance is unknown.”° 

Parasites most often causing clinical disease are nematodes and 
rematodes. Fasciola spp. has caused both acute and chronic diseases 
in elephants, as have nematodes belonging to numerous phyloge- 
netic groups. Signs of intestinal parasitism in elephants are no dif- 
erent from those in other animal groups and include diarrhea, 
weight loss and, in some cases, anemia and hypoproteinemia.~’ 
Diagnosis of intestinal nematodes is obtained through perfor- 
mance of direct fecal smear, centrifugation, or flotation. Although 
many different anthelmintics have been used in elephants empiri- 
cally, only ivermectin has been investigated pharmacokinetically:”” 


TOXICITIES 


The majority of toxicities reported in elephants have occurred 
following toxic plant ingestion, some of which were accidentally 
fed to elephants by keepers who either did not recognize what 
they were feeding or did not notice the plant mixed into normal, 
nontoxic browse. Sadly, too often it has been reported in the media 
that elephants in range countries are often deliberately poisoned by 
poachers. Strychnine, arsenic, and other heavy metals are typically 
used. A variety of poisons are used to coat arrows and spears 
used for killing elephants in both Asia and Africa. Both accidental 
and deliberate poisonings have occurred in association with 
insecticide-contaminated well water or with organophosphate- 
spiked watermelons.'? 

Poisoned elephants often seek water because of great thirst caused 
by the poisoning and to deter flies that they have become too weak 
to swat away. Management of poisoned animals in the field is gener- 
ally not possible because many of the toxins have no antidote, and 
by the time the animal is found, it is past the point of recovery. 
Unfortunately, lack of available analytical laboratories and difficulties 
in transporting samples to them also hinder field investigations of 
suspected poisonings.'? 


REPRODUCTION 


The reproductive tract of the male elephant is characterized by 
intraabdominal testes that sit caudal to the kidneys. Each testicle has 
a central artery that radiates smaller arteries outwardly. Although a 
pampiniform plexus to cool the testicles—and sperm—is absent, 
elephants still manage to maintain an intratesticular temperature of 
949 F to 97° E the same as that found in scrotal testes. Another 
peculiarity is that unlike other mammals, elephants do not have a 
true epididymis, and the primary site of sperm storage is the ampulla, 
one of four paired accessory sex glands. The other accessory sex 
glands are the prostates, seminal vesicles, and bulbourethral glands. 
These may be visualized by using rectal ultrasonography, except for 
the bulbourethral glands, which may be viewed via transdermal 
ultrasonography slightly below the anus. Each of the accessory sex 
glands provides different and specific nutrients to the ejaculate. The 
S-shaped penis has levator muscles that elevate the vulva into posi- 
tion prior to penile penetration and ejaculation.” 

Musth is a complex hormonal phenomenon that occurs annually 
in adult Asian and African bulls. Because it is not seasonal, musth is 
not considered a rut, although it is associated with increased aggres- 
sion and breeding, as well as with changes in androgen secretion. 
Testosterone levels often increase 20-fold, and the androstenedione- 
to-testosterone ratio changes. However, musth still occurs in cas- 
trated males and, thus, may be associated with other unknown 
factors.” During musth, a complex array of chemical compounds 
are released from the breath, urine, and temporal glands, conveying 
the status of the musth male to conspecifics.”’ 

Musth males are dangerous and unpredictable, and anyone who 
works with elephants should be able to recognize the phenomenon. 
Temporal gland secretion, visible as dark liquid tracts on the sides 
of the face is a prime sign. Perineal swelling, constant dribbling of 
urine, and a fetid odor are other signs. The stance of a musth male 
is also different, with the head being held more erect and the ears 
extended. Characteristic vocalizations called “musth rumbles” may 
be heard. Brain chemistry is thought to be affected during musth, 
and bulls may appear dazed and unresponsive. At the height of 
musth, males often stop eating and will lose large amounts of weight. 
In this condition, they also will not breed, another way in which 
musth differs from rut.”’ 

Young sexually immature males sometimes secrete a sweet- 
smelling liquid from their temporal glands; this is referred to as a 
“honey musth” or “moda musth.” Studies on these fluids indicate 
hat they too contain a complex mixture of pheromones.” 

A number of facilities are opting to increase reproductive effi- 
ciency in their herds via AI. Semen is typically collected by manual 
rectal massage in a trained bull secured in an ERD. Electroejacula- 
ion, which requires sedation or anesthesia, is performed only rarely. 
Ejaculation occurs in multiple aliquots that may vary considerably 
in quality. Semen quality, motility, and concentration collected from 
manual rectal massage may also vary on a day-to-day basis from a 
single bull, and its unpredictability adds another challenge for AL”” 
After collection, sperm viability may deteriorate rapidly within 12 
hours of collection, and the use of different semen extenders and 
novel freezing protocols to improve and extend semen quality is an 
area of active research.” Although semen from both African and 
Asian elephants has been successfully frozen, pregnancies from 
frozen semen are extremely rare. 

The urogenital canal of the female elephant, also called the vesti- 
bule, measures 1 to 1.4 m in length and opens between the hind 
legs. The clitoris is located distally. At the level of the anus, the 
urogenital canal curves sharply into the pelvis. Both the urethral 
opening and vagina are found in the cranial portion of the urogenital 
canal. Lateral to the vagina are two blind pouches. The vagina leads 
into the cervix, characterized by longitudinal folds. The ovaries are 
small, and the uterus is bicornuate and short bodied. Most of the 
reproductive tract may be visualized by rectal ultrasonography, but 
a probe extender may be required to examine the most cranial 
portions.” 
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During copulation, semen is deposited in the urogenital cana 
and not into the vagina. The hymen is equivalent to a one-way valve 
and does not rupture until a calf is delivered through it. These 
characteristics—the great length of the urogenital canal and the blind 
pockets of the vagina—create technical challenges during Al. 

The estrous cycle lasts approximately 15 to 16 weeks and consists 
of an 8- to 12-week luteal phase followed by a 4- to 6-week follicular 
(or interluteal) phase. Progestogen levels are high during the lutea 
phase and low during the follicular phase. Cycle length may vary 
between cows but usually is consistent for an individual. During the 
follicular phase, two luteinizing hormone (LH) peaks occur, approxi- 
mately 3 weeks apart. Ovulation occurs following the second LH 
peak. The significance of the first, nonovulatory LH peak is still 
debated. By monitoring the estrous cycle, both natural breeding in 
captive environments, and AI may be correctly timed. Typically, the 
female is inseminated the day of and the day after the second LH 
peak. In captive natural breeding situations, the male and female 
elephants are housed together on these days.” 

Acyclicity is a significant problem in African and Asian elephants 
in North America. Rising incidence of reproductive tract pathology, 
including uterine leiomyomas, vestibular cysts and polyps, ovarian 
cysts, and endometrial hyperplasia, indicates an aging population.” 
Population modeling of captive elephants in North America suggests 
hat the birth rate is too low to be self-sustaining for either species.” 
Ironically, contraception of wild African elephants as an alternative 
o culling is an important area of research. The long-term effect of 
vasectomy on elephant overpopulations in Africa has yet to be deter- 
mined, but contraceptive vaccines for females are also being tested, 
including a porcine zona pellucida vaccine and melengestrol acetate 
(MGA) implants.”” 

Sexual maturity occurs in elephants between the ages of 4 and 
12 years. Earlier onset of sexual maturity may be associated with 
better nutrition. In areas with high levels of poaching, the mean age 
of first-time mothers among wild elephants decreases. Because of 
decreased fertility, difficulty maintaining pregnancy, and increased 
risk of dystocia, it is recommended that captive elephants have their 
first offspring at a young age. Although elephants have an approxi- 
mately 4- to 6-year intercalf interval, they may continue bearing 
calves well into middle age.” 

Gestation ranges between 21 and 24 months, the average being 
659 days. The embryo undergoes delayed implantation.” 
5a-reduced-pregnane, rather than progesterone, is the primary pro- 
gestogen in elephants, but standard progesterone assays using feces, 
urine, serum, and saliva have been used to monitor estrus cycles 
because of cross-reactivity with 5o-reduced-pregnane and other pro- 
gestogens. Because placentation is zonary and endotheliochorial,” 
calves are born immune competent with antibodies received 
transplacentally.* 

Elevated serum progestogen beyond the normal 12-week luteal 
period indicates pregnancy. These levels stay increased until 3 to 5 
days (rarely longer) before parturition. After 6 months of gestation, 
an elevated prolactin level may also confirm pregnancy. Rectal ultra- 
sonography may detect an embryo by 8 to 9 weeks, and transab- 
dominal ultrasonography may be used to visualize the fetus after 40 
weeks of gestation. During pregnancy, however, at certain periods, 
it may be extremely difficult to visualize the fetus. If progestogen 
levels are appropriately elevated and the elephant is otherwise 
healthy, the inability to find the fetus on ultrasonography is likely 
not a concern and another examination may be scheduled for a 
future date. Between 30 and 60 weeks of gestation, fetal sex in Asian 
elephants may be determined by measuring testosterone levels in the 
cow’s blood.” Testosterone measurement has not been reliable in 
Loxodonta for sex determination. 

Signs of impending parturition are variable and include breast 
development, mild contractions, increased discomfort, and passage 
of a mucosal plug. Birth usually occurs within 24 hours of the 
passage of the plug and within 2 hours of rupture of the fetal mem- 
branes. Progestogens drop to baseline usually within 5 days of birth. 
Cervical dilation may be monitored by rectal ultrasonography. In 
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specific situations, in which the call is confirmed to be appropriately 
positioned in the birth canal, and the cervix is dilated, oxytocin, 
vigorous rectal massage, or both may stimulate labor. A large bulge 
underneath the tail usually becomes visible shortly before the calf is 
born. Both anterior and posterior presentations are normal. Often, 
the presentation may be determined by the direction of the toenails 
as seen on rectal ultrasonography.” 

Cows give birth standing, so the calf drops to the floor. The 
amniotic sac usually breaks by itself. In the wild, the herd matriarch 
may be seen to push aside the new mother to tend to the newborn 
herself. In captivity, inexperienced cows are sometimes overly aggres- 
sive toward their offspring, and many facilities routinely restrain a 
cow during birth in such a way that she is free to move, kick, and 
labor, but the newborn may be taken out of reach after birth unti 
the mother’s behavior toward the calf may be assessed. This period 
also allows veterinary personnel to evaluate the calfs health and 
well-being. 

The placenta, weighing between 15 and 24 kg, is usually passed 
within 4 to 12 hours after birth, but delays of up to several months 
have occurred in some cases. Placental retention sometimes, but not 
always, results in metritis.” The veterinarian should weigh and 
examine the placenta. It is normal for the chorioallantoic membranes 
to be covered with white “buttons”; these are called “verrucae” and 
are simply connective tissue surrounding a mesh of minute blood 
vessels.” 

In the authors experience, most calves have been seen to be able 
to sit in a sternal position within 5 to 10 minutes of birth and to 
stand within 10 to 30 minutes. Many calves have slightly cyanotic 
membranes initially, which become pink within 10 to 20 minutes. 
A suckle reflex is usually present at birth, and nursing commences 
within 2 to 12 hours after birth. Surprisingly, a few calves suckled 
for the first time approximately 24 hours after birth without any ill 
effects. Normal heart rate at birth is between 60 and 90 beats per 
minute and normal respiratory rate is between 60 and 80 breaths 
per minute, rapidly declining to 30 to 50 breaths per minute (and 
slower when sleeping). Urine and meconium are typically passed 
within the first 6 hours. 

The umbilicus usually breaks very close to the calfs abdomen 
and dries up over 24 to 48 hours. Often, considerable swelling 
around the umbilicus remains for the first few days of life. Although 
this may be normal, a variety of umbilical problems have occurred 
in elephant calves, including hernias, fistulas, patent urachus and 
prolonged bleeding from umbilical vesicles. Thus, the abdomen 
should be visually evaluated and palpated and ultrasonography per- 
formed, if needed. If umbilical bleeding appears excessive, suturing 
may be necessary. Both surgical and nonsurgical management of 
umbilical hernias are possible.” 

Birth weights have ranged between 59 and 181 kg (130 and 
400 lb), but the average weight is generally around 113 kg (250 lb). 
Larger calves are associated with increased risk of dystocia. The 
majority of fetal growth occurs at the end of gestation, and pregnant 
cows should not be overfed. After birth, the calf should be weighed 
regularly to make sure that nursing is adequate. Calves often lose 
10% of their body weight in their first week of life before starting to 
gain at a rate of 0.5 to 2 kg per day.” Both oxytocin and domperi- 
done have been given to postparturient cows for milk let-down. 

Calves typically suckle vigorously—with loud slurping sounds— 
for short periods several times a day. Between nursing sessions, they 
often sleep. Elephant milk is low in protein but varies considerably 
in fat and total solids during lactation.** Creating appropriate and 
adequate formulas for orphaned calves has been difficult. The avail- 
able commercial formulas have required supplementation with vita- 
mins and fats and have been associated with diarrhea and inadequate 
weight gain in several cases. Raising orphans or rejected neonates 
has been very difficult. 
Calves typically urinate a minimum of twice a day and pass feces 
at least once daily. A normal calf is active, vocal, and curious about 
its environment. Calves that seem “not right,” even in minor ways, 
need a thorough medical evaluation. 


PREVENTIVE MEDICINE 


In the elephant barn, preventive medicine requires a team approach 
to keep animals healthy and identify problems early, in conjunction 
with an understanding of the laws and regulations associated with 
elephant health care. Elephants are regulated by numerous govern- 
ment agencies, at the international, national, and local levels. Care- 
takers need to develop an understanding of the mandates associated 
with the elephants in their care and always support the best interests 
of the animals. 

Daily examination by keepers involves inspection of the skin, 
eyes, mouth, feet, consistency of feces, and eating and drinking 
behaviors. Foot trimming should be performed, as needed. 

Current recommendations for elephants in North America 
include annual rabies vaccine and tetanus toxoid.”””) Tetanus toxoid, 
however, is recommended for all elephants worldwide, and addi- 
tional vaccines may be warranted in particular areas of the world. 
Fecal screening to identify parasites should be done annually in 
North America and Europe and more often in range countries. 

Animals should be weighed, either with a scale or a weight tape, 
at least once a year, ideally more frequently. Foot radiography should 
be performed annually. CBC count, blood chemistry, and urinalysis 
should also be performed at least once a year and preferably more 
often. 

The USDA mandates an annual trunk wash, consisting of three 
samples within a 7-day period or more often, depending on the TB 
status of the herd. In addition, a serologic blood test for TB must be 
done under supervision at the time of the trunk wash. The trunk 
wash should be securely packaged and sent for culture to appropriate 
laboratories. The most current regulations and protocols may be 
found in the “Elephant TB Guidelines” listed on the USDA or USAHA 
websites. 

Some facilities do additional screening for EEHV and other dis- 
eases. Reproductive system examinations, including rectal ultraso- 
nography to assess the integrity of the tract, hormone analyses, and 
breeding soundness examinations are also recommended for adult 
elephants. For facilities that belong to the AZA, a list of annual testing 
recommendations is available. 
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CHAPTER 


BIOLOGY 


The hyrax is a unique animal and the only one in the order Hyrocoi- 
dea. The one recognized family, Procaviidae, consists of three species: 
(1) the cape or rock hyrax (Provacia capensis), (2) the gray or yellow- 
spotted hyrax (Heterohyrax sp.), and (3) the tree or bush hyrax 
(Dendrohyrax sp.) (Table 54-1). Although the hyrax looks more like 
a rodent or a rabbit, its closest living relatives are the elephant, as 
well as the manatee and dugong, both of which are marine mammals. 
Hyraxes may be found throughout southwest Asia and most of 
Africa.” The rock hyrax is the most widely held species in zoologic 
institutions. 


UNIQUE ANATOMY 


Hyraxes are stout, squat animals with short legs (Figure 54-1). They 
have a double coat, with a finer under layer and coarser outer layer, 
and a scent gland on the back covered in longer hairs (see Table 
54-1). They have a cleft upper lip, short round ears, and guard hairs 
around the snout. The deciduous dental formula for the hyrax is: 


incisors (D 2/2, canines (C) 1/1, premolars (P) 4/4, for a total of 28 
teeth. The permanent dental formula is: I 1/2, C 1/1, P 4/4, molars 
(M) 3/3 for a total of 38 teeth. Hyrax teeth, which are adapted for 
eating grasses, have high crowns and relatively short roots. The two 
upper incisors, used for grooming, are elongated and tusklike in 
appearance and are often mistaken for canines. 

These animals are plantigrade, with four digits on the front feet 
that look like hooves and three digits on the hindfeet. The second 
digit on the hindfoot has a long claw, also used for grooming. The 
other two digits are hooflike in appearance as well. The soles of the 
feet are rubbery in texture, which gives these animals traction on 
smooth, uneven, or steep surfaces. The only location of sweat glands 
in this species is the plantar surface of the feet.* 

The hyrax’s digestive system is adapted to handle relatively low- 
quality food. A simple stomach has glandular and nonglandular 
sections, a tubular small intestine, and a large intestine that is almost 
as long as the small intestine. The large intestine is unique to this 
species. It starts with a cecumlike sac, which has a narrow connecting 
colon with thick walls and a second connecting colon with wide, 


TABLE 54-1 
Biologic Information on the Hyrax 
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Geographic Distribution 


Identification 


Scientific Name Common Name Adult Mass (kg) 
PROCAVIA SPP. 

P. ruficeps Rock hyrax, rock dassie, Both sexes: 1.8-5.4 
P. capensis rock rabbit 


P. habessinica 
P. johnstoni 


Southwestern and northeastern 
Africa, Syria, Lebanon, Israel, 


Black, brown, yellow, or orange 
hairs over dorsal gland; head 


Jordan, Sinai, southeastern Arabian 
Peninsula Habitat: rock boulders in 
arid to alpine zones of Mt. Kenya 


and body length 44-54 
centimeters (cm); round head 
and short muzzle, diurnal? 


Heterohyrax Bush hyrax, gray hyrax, Both sexes: 1.3-2.4 Southern Algeria, southeastern Egypt Yellow or reddish hairs over 
brucei yellow-spotted hyrax, to central Angola and northeastern dorsal gland; head and body 
Bruce’s hyrax, rock South Africa; east central Zaire length 32-47 cm; no external 
rabbit Habitat: rock boulders and hollow tail; narrow head and short 
trees in arid zones muzzle; and are diurnal® 
DENDROHYDRAX SPP. 
D. arboreus Tree hyrax Both sexes: 1.7-4.5 Forest zone from Gambia to Uganda _ White to yellow hair over dorsal 
D. validus and extreme northwestern Angola, gland; head and body length 
D. dorsalis eastern Zaire and central Kenya to 32-60 cm; tail length is 


FIGURE 54-1 Group of rock hyraxes (Procavia capensis) housed in 
a zoologic facility. 


thin walls. The second portion of the colon is where the primary 
absorption of water and volatile fatty acids takes place. The two 
connecting colons are followed by a colonic sac with two appendages 
that ends with a distal colon. The hindgut is important for microbial 
digestion.'"°'’ The hyrax does not have a gallbladder. The testicles 
of the male are intraabdominal and are attached to the posterior pole 
of the kidney. Females have four mammae and a duplex uterus. 
The eye of the hyrax is unique, as a portion of the iris above the 
pupil bulges slightly into the aqueous humor to cut off light directly 
above the animal.” 


SPECIAL HOUSING REQUIREMENTS 


The hyrax is a poor thermoregulator, and its body temperature fluc- 
tuates in relation to the environment, so it is important to provide a 
shelter vvith relatively stable environmental temperatures and humid- 
ity. Hyraxes spend many hours basking in the sun and will often 
huddle in groups when temperatures start to drop. These animals 
are reluctant to emerge if the weather is cold or rainy, but they may 
also seek shelter in extreme heat from the sun. They should have a 
heated area or shelter provided if they are exhibited outdoors. 


east South Africa, Tanzania and the 
islands of Zanzibar, Pemba, and the 
Kenya coast Habitat: evergreen 
forests to rock boulders 


10-30 millimeters (mm); 
crowns of molars lower in 
tree hyrax than in the other 
genera; nocturnal? 


In spite of their build, hyraxes are quick, agile, and adept at 
climbing. A variety of surfaces should be provided for this activity. 
They are also capable of jumping up to 1.5 meters (m) so enclosures 
should be designed accordingly. These animals are quite fastidious 
and prefer to use a designated area for urinating and defecating, so 
their exhibit should contain a sandy area for these purposes so that 
it may be cleaned daily. 


FEEDING 


In the wild, the hyrax is a facultative grazer, feeding on anything 
from succulents to lower-quality fibrous foods. They spend less than 
an hour a day eating. The relatively long transit time for digestion, 
coupled with a low nitrogen requirement, enables this animal to 
survive periods of poor diet and low protein availability. 

The hyrax has an effective calcium absorption mechanism in the 
alimentary canal. The majority of excess calcium is excreted in urine, 
as in the rabbit, guinea pig, and other rodents. This may give the 
hyrax urine a chalky appearance. Hemosiderosis has been a concern 
in the hyrax, so low-iron diets are recommended.” A 2004 study 
found that hyraxes fed a low-fiber diet were more likely to be affected 
by pancreatic islet fibrosis (PIF).” 

Most zoologic institutions feed hyraxes once a day and offer either 
some type of pelleted herbivore feed or primate biscuits with a 
variety of vegetables and greens, a small amount of fruit and some 
type of hay ad libitum.'’ Water is consumed, when available, but is 
not generally needed. The hyrax efficiently metabolizes water by 
producing highly concentrated urine, having low evaporative water 
loss because of the low metabolic rate, and minimal fecal water loss. 
Consequently, water demand may usually be met in the diet. This 
species is not known to exhibit copraphagy as adults, but juveniles 
will eat or may be fed feces to stimulate the appropriate bacteria for 
a diet high in fiber.” 


HANDLING AND RESTRAINT 


Some animals, especially those that have been hand raised, will 
adjust to handling by humans. However, most hyraxes are caught 
by using a strong hoop net and heavy leather gloves. Care must be 
taken to avoid causing injury and stress to the animals. Hyraxes may 
also be run into a crate or trained to go into one. 
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TABLE 54-2 


Reversal Agent, (Trade 


Generic Name Trade Name and (Source) Dosage Name and Source) Dosage 
INDIVIDUAL AGENTS 
Acepromazine PromAce (Boehringer 0.5-1.0 None 0.0.1-0.2 mg/kg 
Diazepam Ingelheim Vetmedica, Inc.), milligram per kilogram (mg/kg), Flumazenil (Romazicon, slow IV to effect 

AceproJect (Butler Schein) intramuscularly (IM) Roche) 

Valium (Roche) 1-5 mg/kg, IM 
İsoflurane IsoFlo (Abbott) 396-596 None 

Aerrane (Anaquest) induction, 

İsovet (Schering/Plough) 196—296 

Maintenance 
Ketamine Ketaset, Vetalar (Fort Dodge) 20-50 mg/kg, IM None 
Medetomidine Domitor (Pfizer) 0.25 mg/kg, IM Atipamezole (Antisedan, 5x mg total of 
Pfizer) medetomidine, IM 
Midazolam Versed (Roche) 1-2 mg/kg, IM Flumazenil (Romazicon) 0.01-0.2 mg/kg 
slow IV to effect 
Propofol Diprivan (Zeneca 7.5-15.0 mg/kg, intravenously None 
Pharmaceuticals) (IV) (slow bolus over 5 
minutes) 
Sevoflurane SevoFlo (Abbott Animal 3%-8% None 
Health) induction; 
Ultane (Abbott) 196-496 


Maintenance 


Tiletamine-zolazepam Telazol (Fort Dodge) 5-25 mg/kg, IM Flumazenil for 0.01-0.2 mg/kg, 
zolazepam, slow IV to effect 
(Romazicon) 
Xylazine Rompun (Bayer) 1-5 mg/kg, IM Yohimbine (Antagonil, 0.2-1.0 mg/kg, IM 
ZooPharm, Yobine, or IV 
Lloyd) 
COMBINATION AGENTS 
Ketamine-diazepam, Ketoset or Vetalar-Valium 5-30 mg/kg None 0.01-0.2 mg/kg, 
followed by isoflurane and 1-3 mg/kg, IM Flumazenil (Romazicon) slow İV to effect 
Ketamine-xylazine Vetalar-Rompun 30-40 mg/kg None 0.2-1.0 mg/kg, IM 
and 3-5 mg/kg, IM Yohimbine (Antagonil, or İV 
Yobine) 
Ketamine-acepromazine Ketoset or Vetalar-PromAce 40 mg/kg and None 
0.5-1.0 mg/kg, IM None 
Ketamine-medetomidine Ketaset or Vetalar-Domitor 5 mg/kg and None 5x mg total of 
0.35 mg/kg, IM Atipamezole (Antisedan) medetomidine 


*Use lower end of dose range for debilitated, geriatric, or obese animals for optimal results. 


ANESTHESIA AND SURGERY 


Inhalant anesthesia, specifically isoflurane, is the most common form 
of anesthesia used in this species. After manual restraint by running 
the animal from a crate into an induction chamber or by placing a 
plastic bag over the crate itself, the anesthetic is most often admin- 
istered via a face mask. It may be challenging to intubate the hyrax, 
but if intubation is elected, a 4- or 5-millimeter (mm) endotracheal 
tube may be used.” Injectable anesthetics may also be used (Table 
54-2). The most common reasons for anesthesia are surgery or treat- 
ment for trauma, caused either by conspecifics or falls, and for dental 
disease. 


DIAGNOSTICS 


Venous access sites for this species include the jugular and the 
femoral veins. Boxes 54-1 and 54-2 list the hematologic and serum 
chemistry reference ranges, respectively, for the rock hyrax. Annual 


examinations may include, but are not limited to, blood work; a 
dental examination and tooth trims, as needed; routine fecal checks 
for parasites; fecal or rectal culture; nail trims, as needed; and radi- 
ography. Vaccinations are given to this species for rabies and tetanus. 
The necropsy database for hyraxes includes four cases of tetanus as 
probable cause of death.” 


DISEASES 


A number of disease processes and health concerns affect the hyrax. 
Some health issues stem from behavior related to stress, quarantine, 
lack of enrichment, or isolation. These include overgrooming, 
alopecia, and intermittent diarrhea. Some problems, including 
hemosiderosis, pancreatic islet fibrosis, prolapsed rectum (caused by 
large amounts of produce in relation to other diet items), steatitis, 
and obesity, may possibly be related to nutrition, as previously 
mentioned. 


BOX 54-1 Reference Ranges for Hematologic 


Parameters of the Hyrax 
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BOX 54-2 Reference Ranges for Serum 
Biochemical Parameters of the Hyra 


Parameter Rock Hyrax (Adult)* 
WBC (x10°/microliter [uL]) 4800-29,900 
RBC (x10°/uL) 4.25-9.07 
Hemoglobin, gram per deciliter (g/dL) 7.4-15.5 
Hematocrit (%) 24.0-51.2 
MCH, picogram per cell (pg/cell) 15.6-24.5 
MCHC, gram per deciliter (g/dL) 20.0-44.2 
MCV, femtoliter (fL) 48.3-69.9 
Neutrophils (x105/uL) 3720-22,100 
Band neutrophils (x105/uL) 1360-8970 
Lymphocytes (x103/uL) 7160-20,100 
Monocytes (x10°/uL) 1-5989 
Eosinophils (x10°/uL) 1-8237 
Basophils (x10°/uL) 67-411 


Nucleated RBCs/100 WBCs 0-1 
Platelets (x10°/uL) 96-695 
Plasma protein (g/dL) 5.0-8.1 


*Values are given as minimum to maximum. 

MCH, Mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglo- 
bin concentration; MCV, mean corpuscular volume; RBC, red blood cell; 
WBC, white blood cell. 


Infectious Diseases 


Bacterial Diseases 
Bacterial diseases that may affect the hyrax include mycobacteriosis, 
which has been reported in this species in the United States, 
Australia, Canada, Europe, and South Africa. In all cases, both in 
captivity and in the wild, the isolated organism was either typical or 
atypical Mycobacterium tuberculosis complex (MTBC).”1"155 A par- 
ticular variant of MTBC, called the “dassie bacillus” was identified in 
1958.*' It has low virulence in rodent species, rabbits, and guinea 
pigs. Clinically, this disease has presented as lameness, pneumonia, 
mild weight loss, and reproductive abnormalities. On gross necropsy, 
granulomas may be seen in the lungs, spleen, kidneys, and liver. 
Acid-fast bacilli have been seen on histopathology. A multidrug treat- 
ment protocol may be implemented, but the prognosis is poor; 
generally, the disease leads to death or euthanasia. Currently, no 
effective antemortem diagnostic tool is available for this species. 

Yersiniosis was a significant problem in one captive colony in the 
United Kingdom over a 4-year period. Increased rodent control and 
an autogenous killed vaccine, administered annually following the 
deaths in the collection for several years thereafter, prevented deaths 
from this disease process.” 

A list of antibiotics recommended for the hyrax is provided in 
Table 54-3. 


Viral Diseases 

Oral and tongue lesions, including glossitis and ulceration, along 
with intranuclear inclusion bodies noted in the tissues, have been 
seen in the hyrax. The general aspects of this presentation have been 
attributed to a suspected herpesvirus.” 

A novel o-herpesvirus was identified in 2009 in a rock hyrax 
group (P capensis) from a closed collection in a zoo. Clinical presenta- 
tion, which was generally acute, included blepharoconjunctivitis 
(Figure 54-2) and blisterlike lesions on the tongue, mouth, and face 
(Figure 54-3). Molecular characteristics tentatively support the 
inclusion of this o-herpesvirus in the genus Simplexvirus. Disease 
caused by this organism did not respond to treatment. Ultimately, 
seven juveniles and three adults died or were euthanized.’ After this 
outbreak ended, additional deaths have not been seen in the 
collection. 


Parameter 
Glucose, milligram per deciliter (mg/dL) 


Rock Hyrax (Adult)* 
20-287 


Urea nitrogen (mg/dL) 6-62 
Creatinine (mg/dL) 0.5-2.8 
Uric acid (mg/dL) 0.1-3.0 
Calcium (mg/dL) 7.8-14.9 
Phosphorus (mg/dL) 1.9-8.6 
Sodium, milliequivalent per liter (mEq/L) 139-158 
Potassium (mEq/L) 2.6-5.4 
Chloride (mEq/L) 97-120 
Magnesium (mg/dL) 1.4-2.6 
Cholesterol (mg/dL) 42-312 
Triglyceride (mg/dL) 19-223 
Total protein, gram per deciliter (g/dL) 3.8-8.1 
Albumin (g/dL) 2.8-6.2 
Globulin (g/dL) 0.4-3.9 
Aspartate aminotransferase, 0-126 
international unit per liter (IU/L) 
Alanine aminotransferase (IU/L) 2-84 
Total bilirubin (mg/dL) 0.1-1.8 
Direct bilirubin (mg/dL) 0.0-0.1 
Indirect bilirubin (mg/dL) (0). 2 
Amylase, unit per liter (Unit/L) T555- 39985 
Alkaline phosphatase (IU/L) 60-366 
Lactic acid dehydrogenase (IU/L) 162-1310 
Creatine kinase (IU/L) 317-2826 
Total carbon dioxide (mEq/L) 11.0-30.0 
Gamma-glutamyltransferase (IU/L) 0-103 
Lipase (Unit/L) 6-43 


*Values are given as minimum to maximum. 


Fungal Diseases 

Ulcerative lesions of the squamous epithelium of the tongue, gingiva, 
esophagus, and stomach of a number of hyraxes have contained large 
numbers of Candida organisms. Spores were generally restricted to 
the mucosa and rarely seen in the submucosa. It is unknown if this 
was the primary pathogen or if the clinical presentation stemmed 
from the o-herpesvirus with the fungus being an opportunistic 
invader. 


Parasitic Diseases 

Grassinema procavia is a small, white nematode, which is approxi- 
mately 3 mm in length and may be found in the alimentary canal of 
the hyrax, especially in the stomach. It is easily missed but should 
be strongly considered as a cause when gastric ulceration is present. 
Animals may be tested for the presence of this parasite with the use 
of gastric lavage. This intestinal parasite and others may be treated 
with anthelmintics. Effective sanitation and prevention of fecal con- 
tamination of food and water help to manage this problem. 

A case of generalized demodecosis in hyrax was reported in 
2010.” Three juvenile siblings presented with hemorrhagic areas 
with scabbing, purulent material in the hair and nonpruritic, non- 
alopecic mildly encrusted skin nodules, particularly affecting the 
dorsum, head, and rear legs. Skin biopsies were performed, and 
samples were submitted for parasitologic identification and electron 
microscopy. Fusiform mites consistent with Demodex sp. were also 
identified. This mite is being described and named as a new species 
of Demodex. The animals in this clinical case were treated success- 
fully with avermectin. 

Cutaneous leishmaniasis has been reported in hyraxes, which are 
a suspected natural reservoir for this disease. Causative agents in this 
species include L. aethiopica and L. tropica. The high rates of infection 
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TABLE 54-3 


Generic Name Trade Name Dosage Route of Administrationt —_Interval 
Amikacin Amiglyde-V (Fort Dodge) 2-10 mg/kg SC, IM, or IV Every 8-24 hours 
Cefpodoxime Proxetil Simplicef (Pfizer) 5-10 mg/kg PO Every 24 hours for 
7-10 days 
Ceftiofur crystalline free acid Excede (Pfizer) 6.6 mg/kg IM Every 7 days 
Ceftazidime Fortaz (GlaxoWellcome) 40 mg/kg IM, IV Every 8-hours 
Chloramphenicol Chloromycetin (Parke-Davis) 30-50 mg/kg SC, IM, or IV Every 8-12 hours 
Ciprofloxacin Cipro (Schering Plough) 5-15 mg/kg PO Every 12 hours 
Doxycycline Vibramycin (Pfizer) 2.5-5 mg/kg PO Every 12 hours 
Enrofloxacin Baytril (Bayer) 5-20 mg/kg PO, SQ, IM, or IV Every 12 hours 
Gentamicin Gentamax (Butler, Phoenix 2-4 mg/kg SC, IM, or IV Every 8-24 hours 
Pharmaceuticals) 
Metronidazole Flagyl (Pfizer) 20-40 mg/kg PO Every 12 hours for 
3-5 days 
Oxytetracycline Terramycin (Bio-Ceutic) 10-15 mg/kg SC or IM Every 24 hours 
Penicillin G benzathine-penicillin Flo-Cillin (Fort Dodge) 20,000 IM or SC Every 48 hours 
G procaine 80,000 IU/kg 
Penicillin G procaine Pfizerpen (Roerig) 20,000-60,000 |U/kg SC or IM Every 24 hours 
Tetracycline Achromycin-V (Lederle) 50 mg/kg PO Every 8-12 hours 
Trimethoprim-sulfadiazine Tribrissen (Schering-Plough) 30 mg/kg SG Every 12—24 hours 
Trimethoprim-sulfamethoxazole Bactrim (AR Scientific) 15-30 mg/kg PO Every 12 hours 


“The potential exists for antibiotic-induced enterotoxemia follovving administration of some antimicrobial agents, appetite and fecal character must be 
monitored closely during and follovving therapy: concurrent probiotic therapies may be indicated. Parenteral antibiotic therapies are preferred over oral 
therapy. Repeated subcutaneous iniections may cause sloughing. Alternative iniection sites should be used. 

TAII aminoglycosides administered intravenously should be diluted with saline or sterile water at 4 mL/kg and delivered over 20 minutes. 

IM, Intramuscularly: /U/kg, international unit per kilogram; IV, intravenously; mg/kg, milligram per kilogram; PO, orally; SC, subcutaneously. 
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FIGURE 54-2 Blepharoconiunctivitis noted in animals affected by 
the novel o-herpesvirus. 


and exposure in hyraxes, especially to L. tropica, supports their 
involvement in the transmission cycle of this parasite and their 
potential role as a reservoir for disease in humans. The vector in 
natural ranges for free-ranging hyraxes is the sandfly. This disease 
may be diagnosed by analysis of blood smears or ulcerative lesions 
of affected animals.*'*” 

A list of parasiticides recommended for hyrax are listed in 
Table 54-4. 


FIGURE 54-3 Blisterlike lesions or vesicles found at necropsy on 
the tongue of a hyrax affected by the novel o-herpesvirus. 


Noninfectious Diseases 


Iron overload has been reported on numerous occasions in the 
hyrax. The causes are most likely multifactorial and are thought to 
include diet and genetics. Hemochromatosis associated with severe 
degenerative changes in the liver has been reported in the rock 
hyrax.'® Animals generally present with anorexia caused by gastric 
enteritis and hemorrhage. Minimizing concurrent parasitic loads and 
bacterial infections may help manage this problem. Hemosiderosis 
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TABLE 54-4 

Generic Name Trade Name Dosage Route of Administration (omments/Used Against 

Amprolium, 9.6% Corid (Huvepharma) 1 mL/7 kg every 24 hours PO Coccidia 

Carbaryl, 5% powder Dust lightly once per week Topical Ectoparasites 

Doramectin Dectomax (Pfizer) 0.2 mg/kg SC, IM Ectoparasites 

Fenbendazole Panacur (Intervet) 25-50 mg/kg every 24 hours for PO Roundworms 

3-5 days 

Ivermectin İvomec (Merial) 0.2 mg/kg repeat 7-14 days PO, SC Gastrointestinal nematodes; 
lungworms 

Praziquantel Droncit (Bayer) 5-10 mg/kg; repeat in 10 days PO, SC, or IM Tapeworms 

Pyrethrins — Apply to effect Topical Fleas 

Sulfadimethoxine Albon (Pfizer) 25-50 mg/kg every 24 hours for PO Coccidia 


10 days 


IM, Intramuscularly: /V, intravenously; mg/kg, milligram per kilogram; mL/kg, milliliter per kilogram; PO, orally; SC, subcutaneously. 


and PIF as mentioned previously, have also been seen in this species 
and may be contributing causes to another problem, diabetes mellitis 
(DM).° Clinical signs include a rough haircoat, formed but soft feces, 
weight loss, and a persistent hyperglycemia. PIF with concurrent DM 
is usually found at necropsy.” 

Pregnancy toxemia has occurred in primarily older females, 
around 8 to 9 years of age. Dystocia and stillbirths are quite common 
in hyraxes. The rock hyrax studbook, updated through October 
2012, estimates that abortion, stillbirths, and neonatal deaths 
account for approximately a third of the deaths with known diagno- 
ses in the population. ” 

Dental disease, caused by age-related changes such as excessive 
wear or dental fractures, is common in older animals. Extractions or 
root canals should be performed, as indicated, with concurrent 
administration of appropriate antibiotics." 

Aggression-related trauma is very common in hyraxes. Fighting 
is generally caused by issues related to behavioral hierarchy and 
group social structure. Care should be taken to maintain an appro- 
priate group size for the space available to avoid crowding, especially 
among males.*!°'’ Overcrowding may also cause food competition 
and lead to malnutrition and chronic weight loss.*”° 

A disease process called hyracoidea stress syndrome was identified 
in a European journal in 2009.2? A 3-year study on 37 animals 
concluded that environmental stress factors led to respiratory and 
nervous symptoms just before death. Cold temperatures leading to 
pneumonia, gastric ulcerations, and damage to endocrine glands, 
specifically the pituitary, thyroid, and adrenal glands, were deter- 
mined to be the primary cause of this syndrome. This study con- 
cluded that because of the very low numbers of Grassinemia procavia 
in each individual, this organism was not the primary cause of death 
but rather an incidental finding. 


REPRODUCTION 


Rock hyraxes are karyotype 2n with 54 chromosomes. They reach 
sexual maturity at 16 to 17 months of age and at approximately 
1.5 kg body weight. Females are monestrous, seasonal breeders, 
becoming receptive in the spring and summer months, primarily 
from April to July in the Northern hemisphere and in November and 
December in South Africa.” ” The uterus is bicornuate, forming a 
Y-shape, and placentation is hemochorial, villous, and zonary.'° The 
testes of the males increase in size during the breeding season. 
Hyraxes have a polygamous mating system.” ” For successful breed- 
ing in captivity, an isolated nest box packed with hay and a supple- 
mental heat source should be provided, and the holding area or 
exhibit should be checked for any areas where youngsters could 


escape or fall. Isolated females and young should be returned to the 
group as soon as possible. 

Pregnancy may be detected through abdominal palpation or 
ultrasonography. The gestation period is 201 to 245 days, and a litter 
may range from 1 to 6 offspring. In captivity, the mean size of a litter 
is 2.6. Newborns are precocious and weigh 170 to 240 grams (g). 
The young have been seen nibbling on grasses and solid food as early 
as 4 days; they are usually weaned around 6 weeks of age, weighing 
approximately twice their birthweight.'” 

Numerous methods of birth control have been tried in this 
species, including melengestrol acetate and deslorelin implants, 
tubal ligation, and porcine zona pellucida vaccination with varying 
success.'’ Castration has been performed, with few complications, 
on aggressive or nonbreeding males. 
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Khinoceridae (Rhinoceroses) 
Michele A. Miller and Peter E. Buss 


BIOLOGY 


UNIQUE ANATOMY 


Rhinoceroses (rhinos) are among the most primitive of the worlds 
arge mammals, and in prehistoric times were common large herbi- 
vores in North America. Five extant species exist in four genera; in 
Africa, the white (Ceratotherium simum) and black (Diceros bicornis) 
rhinos and in Asia, the Sumatran (Dicerorhinus sumatrensis), Indian 
(Rhinoceros unicornis), and Javan (Rhinoceros sondaicus) rhinos. The 
Sumatran rhino is the most primitive and predates the extinct woolly 
rhino (Coelodonta antiqitatis), which inhabited in northern Europe 
and Asia during the last Ice Age. 

African rhinos live in habitats that are related to dietary 
requirements; the white rhino requires relatively flat terrain with 
areas of short grass, whereas the black rhino prefers areas with 
shrubs and young trees. The Javan rhino inhabits lowland coastal 
forests rather than the more mountainous inland areas. Sumatran 
rhinos are found in areas of dense primary rain forest. Indian 
rhinos exist across a wide range of habitats, including marshes, 
alluvial plains, grasslands, and aril forests. All species of rhino 
require regular access to water. They need to drink daily or every 
second day, as they are hindgut fermenters with relatively fast 
gut transit times which reduce the time for water resorption 
from the feces.” Rhinos wallow in mud pools to cool off during 
the heat of the day and to help keep their skin free of external 
parasites. 

Habitat loss and severe poaching has led to the devastation of 
rhino populations. Current worldwide population estimates (2012) 
are 35 to 44 Javan, 152 to 199 Sumatran, 3270 Indian, 4837 black, 
and 20,143 white rhinos (International Rhino Foundation; 
www.thinos.org). In contrast, in the 1970s, the black rhino popula- 
tion in Africa was approximately 65,000.” 


Rhinos have a barrel-shaped torso; short, thick legs and broad feet 
with three weight-bearing digits; and an elongated, bulky skull. The 
soles of the feet have a large pad to cushion the weight of the animal. 
The most distinctive feature of rhino is the presence of a single horn 
(Rhinoceros sp.) or a pair of horns (Ceratotherium, Diceros, and Dicero- 
rhinus) that are composed of tubular hairlike keratin filaments, which 
are outgrowths of the skin. The horn is relatively easy to displace, 
since it is not attached to the skull but rather set on bony protuber- 
ances.” African rhinos lack both incisors and canine teeth: incisors 
(1) 0, canines (C) 0, premolars (P) 3-4, molars (M) 3); in contrast, 
the Asian species have incisors: 1 1/1-2, C 0, P 3-4, M 3). Hyper- 
rophied and tusklike lateral lower incisors are characteristic of the 
hree Asian rhinos, with only members of the genus Rhinoceros 
having a pair of small central incisors. The black, Sumatran, and 
Javan rhinos are browsers with prehensile upper lips, which assist 
in grasping the plants that they consume. White and Indian rhinos 
have wide, flat lips for grazing. 

The rhino’s skin is thick, and in the white rhino, it may reach a 
hickness of 5 centimeters (cm), with a thick vascular dermis covered 
by an epidermis 1 millimeter (mm) thick.” All rhinos have skinfolds, 
although these are more pronounced in the Asian species, with the 
Indian rhino being best known for the exaggerated armorlike plates. 
The Sumatran rhino is unique, having a distinctive shaggy coat of hair 
with particularly hairy ears and a tuft of long hair at the tip of the tail. 


SPECIAL HOUSING REQUIREMENTS 


Enclosures for all rhino species need to be sturdy and constructed 
of concrete, large-diameter wooden or metal poles or of more natural 


materials such as rocks; however, it should ensure that the animals 
cannot climb over or become entrapped within the enclosures. 
Spacing between vertical bars should be 0.5 m. If calves are present, 
chains or cables should be added. When horizontal poles are used, 
a potential for horn avulsion or climbing exists. 

Substrate should be textured to minimize slipping yet not abrade 
foot pads. Most indoor stalls are made of concrete to facilitate clean- 
ing. Natural substrate used in outdoor enclosures or pens should 
allow adequate drainage and cleaning or be periodically changed to 
prevent buildup of parasites, pathogens, or excessive moisture. 

All rhinos must be provided with access to pools and wallows. 
The access and depth of the pool should be sufficient to encourage 
use and allow complete submersion, especially for Indian and Suma- 
ran rhinos. Enclosure items such as scratching posts, rocks, and 
vegetation promote natural, species-specific behaviors but should be 
designed to avoid head or limb entrapment or horn rubbing or 
avulsion. 

Rhinos may be acclimated to cold and inclement weather if pro- 
vided access to shelter during wet and windy conditions. However, 
supplemental heat (to maintain 13°C) should be provided in cold 
climates when temperatures consistently drop below 10°C. Ill, old, 
or young animals may need higher temperatures. 

Of the four rhino species, white rhinos are the most social and 
usually housed in groups. Black rhinos are more solitary but have 
been housed in small family groups in captivity. Indian rhinos are 
mostly solitary. Therefore they should be kept as individual animals 
except in very large spaces. Sumatran rhinos should also be housed 
individually and only introduced for breeding purposes. Significant 
aggression during breeding may occur with black, Indian, and Suma- 
tran rhinos, and adequate space should exist to prevent cornering of 
animals. 


FEEDING AND NUTRITION 


Feeding strategies differ by species. Black and Sumatran rhinos are 
browsers, white rhinos are considered grazers, and Indian rhinos are 
classified as intermediate feeders. Studies on digestibility in captive 
rhinos show that the horse is a useful model for the development of 
diets for Indian and white rhinos but not for black rhinos.’ Captive 
black rhinos appear to receive higher proportions of concentrates 
compared with other species and would benefit from higher propor- 
tion of browse. 

In captivity, a rough guideline for diet quantity is 1% to 3% body 
weight as fed, with no more than one third of total calories obtained 
from pellets.”” Energy management for weight control is especially 
important in Indian rhinos; 0.5% to 1.1% body weight in dry matter 
(DM) is adequate in this species.’ Grass hay should be fed to white 
and Indian rhinos, whereas a grass—legume mixture or a legume— 
browse mixture is used for black and Sumatran rhinos. Alfalfa fed 
as exclusive forage may lead to mineral imbalances, colic, and diar- 
thea. Black rhinos appear to have higher calcium (Ca) and magne- 
sium (Mg) absorption compared with horses and higher fecal losses 
of sodium (Na) and potassium (K).’ Therefore, excessive mineral 
supplementation should be avoided. Natural browses appear to be 
limited in Na, phosphorus (P), zinc (Zn), and selenium (Se). Appro- 
priate Ca:P ratio should also be monitored, since low phosphorus 
values have been associated with poorly defined syndromes, includ- 
ing dermatologic and hematologic disorders, in black rhinos./” 

Vitamin E deficiency has been linked to health issues, especially 
in black rhinos. Therefore, the contents of the diet should be ana- 
lyzed to ensure a sufficient concentration (150-200 international 
units per kilogram [IU/kg] DM). 

Black and Sumatran rhinos are susceptible to iron storage disor- 
der in captivity, so a high-fiber, low-iron diet should be provided to 
these species. A low-iron herbivore pellet, in addition to browse, fed 
to captive black rhinos resulted in a decrease in serum ferritin 
levels” Low-iron diets consisting of browse, long-stem forage, 
and low-iron pellets (iron [Fe] $350 parts per million [ppm]) 
is recommended for browser rhino species (Valdes E, personal 
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communication). Citrus and other produce containing vitamin C 
may enhance iron absorption and should be minimized in the diets 
of these species. 

Analyses of rhino milk have shown that it is lower in total solids 
compared with the milk of most ungulates (8.296—8.896). The rela- 
tive composition is high in sugars (6396-8296 of total solids), with 
14%-28% protein and low fat (2.6%-6.8% of total solids).” Formu- 
las used for hand-raising rhinos are based on cows’ milk or com- 
mercial formulas (ZooLogic Milk Matrix 20/14, PetAg, Inc., 
Hampshire, IL). Lactase (Lactaid) has been useful as a milk additive 
in these cases. Indian, white, and black rhino calves have been suc- 
cessfully hand-reared with these formulas. 

In neonates that have not received colostrum, bovine or equine 
colostrum should be fed at a 50% dilution to provide immunoglobu- 
lins if rhino colostrum is unavailable. Addition of 10% colostrum to 
the formula for up to 1 month is recommended for local gastroin- 
testinal (GI) immunity.’ Feeding for the first 3 days is 10% of body 
weight (kg) divided into seven feedings, with an increase to 15%-20% 
on day 4 through 6 months of age. At 6 months through the start 
of weaning at 1 year, a constant volume of 11 kg of formula at each 
of three feedings should be offered. Calves should be weighed regu- 
larly and gain 1 to 2 kg/day. 


RESTRAINT AND HANDLING 
Physical Restraint 


Chutes for rhinos may be simple free-stall designs, in which an 
individual animal is trained to enter voluntarily and poles or bollards 
allow protected contact. More sophisticated designs include hydrau- 
lic or movable walls, head restraints, and access doors for examina- 
tions and minor medical or reproduction-related procedures. Ideally, 
the design should be incorporated into the facility so that the animal 
has to pass through and it is not a dead-end. Successful use of these 
devices usually requires operant conditioning of the rhino, the use 
of tranquilization or sedation, or a combination. 


Chemical Restraint 


This section will focus on restraint of captive rhinos. Excellent 
sources of information on the immobilization of free-ranging rhinos 
are available.” The two techniques used are standing restraint and 
recumbent immobilization. 

For captive rhinos, drug delivery usually requires use of darting 
equipment. Depending on the situation, pole syringes with robust 
needles or hand-injection in conditioned animals may be used. Most 
darting systems may be used in captive situations, as long as a robust 
needle (minimum 40-60 mm x 2 mm needle) is used to penetrate 
he thick skin and deliver the drug intramuscularly. Nylon darts 
(Teleinject, Daninject) are preferred in these situations, since they 
cause less trauma compared with metal darts. Ideal sites for drug 
injection are just caudal to the ear on the lateral cervical area, upper 
caudal hindlimb, shoulder, or nuchal hump in the white rhino. 
However, any site may be used if the dart is placed perpendicular to 
he skin and is adequate to penetrate muscle. 

Depending on the animals health status, the environment, and 
he procedure planned, food and water should be withheld prior to 
he procedure, at least overnight, although regurgitation and aspira- 
ion are infrequent complications in rhinos. 

Procedures should be planned for the coolest time of day, prefer- 
ably early mornings. Rapid induction and minimal excitement 
further decrease the risk of hyperthermia. Rectal enemas, evaporative 
cooling with sprayers and fans, or cold water baths for small indi- 
iduals are warranted if the rectal temperature is greater than 39°C, 
although complete anesthetic reversal should be performed imme- 
diately if the temperature reaches 41°C or above.’ 

Rhinos are prone to developing myopathy and neuropathy after 
prolonged recumbency. Inflated truck inner tubes, heavy mats, or 
padding may be used under pressure points to prevent radial nerve 
paralysis and other neuropathies if the procedure is to take place on 
a hard surface. 


< 
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The optimal body position is still being debated. Lateral recum- 
bency is often preferred, since it provides optimal circulation to the 
imbs; however, sternal recumbency may allow better ventilation. If 
he animal needs to be in sternal recumbency for the procedure, it 
is ideal to roll the animal into lateral recumbency, whenever possible, 
o ensure adequate peripheral circulation. Limbs should be “pumped” 
about every 20 minutes to promote perfusion of muscles.” 

It is imperative that immobilized rhinos be closely monitored to 
minimize complications. Hypoxia, hypercapnia, and hypertension 
are commonly associated with the use of potent opioids in rhinos.”””” 
Accurate weight or estimated weight facilitates optimal drug calcula- 
ion and prevents drug overdosing or underdosing and associated 
problems. 

Pulse oximetry is useful for monitoring trends in hemoglobin 
oxygen saturation. Sites for placement include the ear pinnae (scrap- 
ing of the skin surface may sometimes provide more accurate read- 
ings), mucosal folds of the prepuce, vulva, and rectum; and sensor 
pads placed side by side in the conjunctival sac, gingival mucosa, 
nasal mucosa, and inside the rectum, vagina, or prepuce. Ideally, 
readings should be greater than 90%, but interpretation must be 
made in conjunction with the color of the mucous membranes and 
blood and other clinical signs. Capnography may be used by placing 
a small-animal endotracheal tube inside a nostril in nonintubated 
rhinos. Direct and indirect blood pressure may be measured by using 
either an arterial catheter in the medial auricular artery or a blood 
pressure cuff at the base of the tail, respectively. 

Standing sedation should only be attempted after proper consid- 
eration of animal and staff safety. In captive rhinos, standing chemical 
restraint has historically been performed using low doses of the 
potent opioid etorphine. However, variable responses may lead to 
recumbency. More recently, butorphanol, alone or in combination 


with azaperone or ©,-agonists (detomidine, medetomidine), has 
been successfully used. In the authors experience, a combination of 
etorphine (1 mg /1000 kg), butorphanol (10 mg butorphanol to 
1 mg etorphine), and azaperone (20 mg standard dose, intramuscu- 
larly [IM]) has been effective in “walking” captive white rhino, with 
the use of a white flag as a target to bring the rhino from the holding 
facility to the crate. Once in the crate, the animal will remain stand- 
ing and tolerate minor procedures. Chemical restraint may be par- 
tially to fully reversed with naltrexone (40-100 mg naltrexone:1 mg 
etorphine or 1-2.5 mg naltrexone:1 mg butorphanol) with or 
without atipamezole (5 mg atipamezole:1 mg a-)-agonist), depend- 
ing on the drug combination chosen (Box 55-1).°°7?? 

Potent opioids are the primary drugs used for general anesthesia 
in rhinos. Etorphine is mostly commonly used, although carfentanil 
(in some species, this has been suggested to cause excitable induc- 
tions) and, more recently, combinations of etorphine and thiafentanil 
have also been administered to rhinos. Opioids are typically com- 
bined with azaperone, oo-agonists, or acepromazine to decrease 
complications. Hyaluronidase may be included to increase absorp- 
tion and decrease induction time. To deepen the anesthesia or for 
prolonged procedures, supplemental doses of etorphine, ketamine, 
propofol, or inhalant anesthetics have been used. Midazolam, diaz- 
epam, and guaifenisen infusion may provide additional muscle relax- 
ation. Suggested doses for recumbent immobilization in captive 
rhinos are given in Box 55-2.277?? #1 
White rhinos and, to a lesser extent, Indian rhinos appear to 
be more sensitive to the effects of opioids compared with black 
rhinos and exhibit muscle tremors, limb paddling, hypoxia, hyper- 
capnia, and hypertension.””” Butorphanol has been administered to 
antagonize respiratory depressive effects in white rhino (10-20: 1 mg 
butorphanol to etorphine ratio); however, it may also lighten 


BOX 55-1 Standing Chemical Restraint Doses for Adult Captive Rhinoceros 


Black Rhino 

@ 0.5-0.85 milligram (mg) etor- 
phine, intramuscularly (IM) 

@ Doses as low as 0.25 mg 
used to walk rhino into crate 


White Rhino 
6 0.8-1.5 mg etorphine, IM 


azaperone, IM 


@ 50-70 mg butorphanol + 100 mg 


@ 25-50 mg butorphanol, IM or 
intravenously (IV) 

o 20-30 mg _ butorphanol + 
20-50 mg detomidine, IM 


ə 1.1 mg etorphine + 5 mg ace- 
promazine + 15 mg detomidine 
+ 15 mg butorphanol, IM 

@ 120-150 mg butorphanol + 
5-7 mg medetomidine, IM (give 
1-2 mg nalorphine, IV, to keep 


standing) 


Sumatran Rhino 

@ 25-40 mg butorphanol, IM 

@ 120-150 mg butorphanol + 
5-7 mg medetomidine, IM 
(use 1-2 mg nalorphine, IV 
to keep standing) 

* 0.8-1.5 mg etorphine, IM 


Indian Rhino 

€ 100 mg _ butorphanol + 
100 mg azaperone, IM 

@ 0.5-1.5 mg etorphine, IM 


BOX 55-2 Recumbent Immobilizing Doses for Adult Captive Rhinoceros 


Black Rhino White Rhino 
* 1.5-2 mg etorphine + 2-3 milli 1.2 mg carfentanil, IM 
grams (mg) medetomidine, intra- 2-3 mg etorphine + 


muscularly (IM) 

* 2.5-3 mg etorphine + 20-60 mg 
azaperone, IM 

@ 1.5-2mg etorphine + 2-3 mg 
medetomidine + 1 gram per liter 
(g/L) ketamine in 5% guiafenisen 


20-40 mg azaperone, IM 
* 120-150 mg butorphanol + 
5-7 mg medetomidine, IM 
+ 5% guaifenisen drip 
@ 70-120 mg butorphanol + 
100-160 mg azaperone, IM 


drip 

€ 0.7-1.2 mg carfentanil +10 mg 
midazolam 

* 70-120 mg butorphanol + 


100-160 mg azaperone, IM 
@ 120-150 mg butorphanol + 
5-7 mg medetomidine, IM 


Sumatran Rhino 

@ 30-50 mg butorphanol + 
50-60 mg azaperone, IM 

* 1 mg etorphine + 60 mg aza- 
perone, IM 

* 10 mg butorphanol + 10 mg 
detomidine IM, wait 20 min 
then 1.2 mg etorphine + 
5 mg acepromazine, IM 


İndian Rhino 

* 3.5-3.8 mg etorphine + 
14 mg detomidine + 400 mg 
ketamine, IM 

@ 2.5 mg etorphine + 10 mg 
acepromazine, IM 

€ 0.7-1 mg carfentanil, IM 

@ 120mg butorphanol + 
80 mg detomidine, IM 


the plane of anesthesia.*! It should be used with caution in black 
rhinos, since they appear to be more sensitive and may suddenly 
get to their feet.” Other partial opioid agonist—antagonists are 
routinely used in the field and may be adapted for captive rhinos, 
when available (e.g., nalbuphine). Butorphanol—azaperone and 
butorphanol-medetomidine or detomidine combinations have suc- 
cessfully induced recumbency in captive Sumatran, Indian, and 
white rhinos.**??*! 

Oxygen supplementation by intratracheal intubation or nasal 
insufflation (flow rates of 15-30 liters per minute [L/min]) may 
increase oxygen saturation values.”” Doxapram has been adminis- 
tered for apnea in rhinos but may only provide short-term relief. 
Partial or complete reversal should be considered in severe cases of 
hypoxia. 

On some occasions other than medical procedures, rhinos may 
need to be sedated, as for crating and transport. For short-duration 
tranquilization or sedation, benzodiazepines (2-6 hours; adult 
doses: midazolam 5—50 mg, IM; diazepam 10-30 mg, IM) and aza- 
perone (2-4 hours; 80-200 mg, IM) are useful choices in rhinos. 
Long-acting neuroleptics (LANs) are typically administered in free- 
ranging rhinos after capture for transport and boma acclimation, 
although they have also been used in captive rhinos for longer- 
duration tranquilization. Zuclopenthixol acetate (Clopixol-Acuphase) 
at doses of 60 to 200 mg lasts 3 days, and perphenazine enanthate 
(Trilafon-LA) does not take effect for 12 to 18 hours but lasts 7 to 
10 days (100-200 mg, IM). 


SURGERY 


Most surgical procedures involve the skin, eyes, digits, and horn, 
including treatments for corneal ulcers, cataracts, pododermatitis, 
wounds, and tumors. Because of the thickness and inelasticity of the 
rhino skin, suturing of wounds often results in dehiscence, so unless 
necessary, wounds are often left to heal by secondary intention. Use 
of wire sutures, stents, and mattress patterns may improve closure 
of the rhino skin. Surgical management of horn and integument 
problems, including tumors, may be achieved with the use of operant 
conditioning, standing sedation, or full immobilization. 

Surgical treatment of ocular problems, including corneal ulcers 
and cataracts, is fairly common. Management of pododermatitis by 
surgical debridement has also become a more routine procedure, 
especially in Indian rhinos. Treatment of osteomyelitis in a black 
rhino, involving surgical debridement and vacuum-assisted closure, 
has been recently described.'° Surgical repairs of rectal prolapse in 
black and Indian rhinos and patent urachus in a white rhino calf 
have been reported. Although most abdominal surgeries are unsuc- 
cessful, an adult white rhino has survived an exploratory celiotomy,”’ 
Laparoscopic techniques for rhinos are still in their developmental 
stages but have been successfully used for reproductive procedures 
such as uterine biopsy and oocyte retrieval.'® 


OTHER PHARMACEUTICALS 


With the exception of studies on anesthetics and a few vaccines, no 
pharmacokinetic trials in rhinos have been performed. Most clini- 
cians use the horse as the model to determine drug dosages, espe- 
cially for antibiotics and antiparasitics. Commonly used antibiotics 
include oral trimethoprim-sulfadiazine equine formulations, paren- 
teral large-animal cephalosporins, and oral fluoroquinolones. Anti- 
parasitics are not routinely required in captive rhinos, but oral and 
injectable ivermectin; oral fenbendazole, pyrantel pamoate, and 
niclosamide; and pour-on acaricides, including flumethrin 0.5%, 
have been used in rhinos.” Nonsteroidal anti-inflammatories are 
frequently prescribed for analgesia. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Rhinos should be trained to permit sample collection and clinical 
examination. Resting values for heart rate, respiratory rate, 
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temperature, and other values have been obtained for nonrestrained 
black and white rhinos. The various species appear to be similar with 
regard to heart rates (30-40 beats per minute) and respiratory rates 
(6-12 breaths per minute). Rectal temperatures are typically 34.5° C 
o 37.5°C, although temperatures may be higher in anesthetized 
rhinos (37°C-39°C) because of exertion or muscle tremors.”” 
Limited information on electrocardiography (ECG) values in rhinos 
is available.” Indirect blood pressure has been measured in unsedated 
black and white rhinos by using a human blood pressure cuff around 
the base of the tail. Mean values reported for unanesthetized white 
rhinos are 160 +/—2.9 millimeters of mercury (mm Hg; systolic), 104 
4/—2.3 mm Hg (diastolic), and 124 +/—2.2 mm Hg (mean blood 
pressure).” In anesthetized animals, etorphine may cause hyperten- 
sion, but some authors have observed more variable mean blood 
pressure values (107-280 mm Hg) depending on the drugs used 
and when measurements were taken. 
Hematologic and biochemical parameters have been published 
(Tables 55-1 through 55-3).'*** Although most values may be inter- 
preted as being similar to other perissodactyls, total protein and 
globulins tend to be higher and sodium and chloride lower than in 
domestic horses. Hypophosphatemia (low blood phosphorus) is a 
recognized problem in captive black rhinos, with levels dropping 
below 1 milligram per deciliter (mg/dL). Low serum phosphorus has 
been linked to hemolytic anemia and other blood disorder syn- 
dromes. 77” Supplemental doses of elemental phosphorus (prefera- 
bly chelated) (10 to 24 g, orally [PO], once daily [SID]) are used in 
black rhinos until normal serum levels are reestablished, as reported 
anecdotally (Valdes E, personal communication). In critical cases, 
intravenous sodium or potassium phosphate may be administered 
at 14.5 millimoles per hour (mmol/hr), but serum calcium should 
be carefully monitored. 

Venipuncture may be routinely performed on awake captive 
rhinos with the use of conditioning of the animal, restraint devices, 
or both. The most commonly used sites for blood collection are the 
auricular vein, radial vein (inside the forelimb crossing the carpus), 
and metacarpal vein (lower inside forelimb). The ventral tail (coc- 
cygeal) vein has also been used, particularly in Sumatran rhinos, and 
the blood collection technique is similar to that used in domestic 
cattle. Arterial access is available for blood gas sampling from the 
medial auricular artery. Rhino blood cells resemble those of domestic 
horses. Nucleated red blood cells (RBCs) and reticulocytes may be 
observed in anemic animals. Blood smears should be carefully 
screened for the presence of hemoparasites, especially in recently 
captured or imported animals. 

Urinalysis panels in captive rhinos are similar to those for horses, 
with the large numbers of calcium carbonate crystals creating a 
normal milky yellow appearance of urine. Calcium oxalate, phos- 
phate, and ammonium crystals may also occur, depending on the 
diet. Occasionally, dark discoloration of urine, which is associated 
with the pigmentation of certain browse species, may be mistaken 
for blood or myoglobin (e.g., ash, mulberry). Normal values for the 
different rhino species have been published and typically are pH of 
8.0 to 8.7 and specific gravities of 1.010 to 1.030.” 

Because of the rhino’s size, cerebrospinal fluid (CSF) collection 
has not been successful except in a few rhino calves.” Therefore, 
extrapolation of normal values from domestic horses and other peris- 
sodactyls should be used for interpretation. 

Incorporation of scales into rhino facilities has permitted moni- 
toring of body weights and physical condition. Average ranges for 
adult body weights for each of the rhino species are as follows: black 
rhino 800-1350 kg, white rhino 1800-2200 kg, Indian rhino 1800— 
2200 kg, and Sumatran rhino 600-800 kg.” 

Radiography of the distal extremities, skull, horn, and, in 
calves, thorax has become more routine and useful with digital 
technology. Thermography is also available in many institutions. 
Localization of inflammation associated with acute lameness, lami- 
nitis, abscesses, and changes in skin temperature associated with 
dermatologic conditions may all be detected by using this tool. 
Fluoroscopy has also been used for skull and horn imaging to 
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TABLE 55-1 EEE 


Parameter Black Rhino White Rhino Indian Rhino Sumatran Rhino 
White blood cell (WBC) x 105/microliter (uL) 8.42 (2.48) 9.30 (2.46) 7.20 (1.33) 8.27 (1.55) 
Red blood cell (RBC) x10°/uL 4.01 (0.88) 5.77 (1.28) 6.43 (0.86) 5.32 (1.09) 
Hemoglobin, gram per deciliter (g/dL) 12.0 (2.0) 13.8 (3.8) 13.4 (1.5) 12.4 (1.6) 
Hematocrit % 33.4 (5.7) 36.9 (9.3) 37.0 (4.6) 36.9 (4.2) 
Mean corpuscular volume, (fL) 85.7 (9.0) 63.8 (7.8) 57.8 (4.9) 71.5 (11.2) 
Mean corpuscular hemoglobin, picogram per cell (pg/cell) 30.5 (3.3) 23.5 (1.9) 21.3 (3.0) 23.9 (3.8) 
Mean corpuscular hemoglobin concentration (g/dL) 35.7 (2.7) 37.9 (7.3) 36.3 (3.2) 33.5 (2.1) 
Platelets x105/uL 284 (83) 378 (103) 178 (53) 198 (135) 
Nucleated RBC/100 WBC 0 1 (1) 0 — 
Reticulocytes % 1.6 (2.9) — — — 
Neutrophils x105/milliliter (mL) 5.24 (2.18) 5.42 (2.05) 5.13 (1.24) 4.86 (1.16) 
Lymphocytes x103/mL 2.48 (1.1) 2.35 (1.15) 1.74 (0.67) 2.52 (0.90) 
Monocytes x103/mL 0.43 (0.32) 0.65 (0.55) 0.22 (0.15) 0.36 (0.22) 
Eosinophils x103/mL 0.25 (0.22) 0.54 (0.59) 0.32 (0.31) 0.37 (0.21) 
Basophils x10°/mL 0.17 (0.09) 0.10 (0.05) 0.13 (0.05) 0.08 (0.01) 
Neutrophilic bands x10°/mL 0.27 (0.35) 0.71 (1.18) 0.22 (0.20) 0.31 (0.24) 
TABLE 55-2 ——— s. 
Parameter Black Rhino White Rhino Indian Rhino Sumatran Rhino 
BUN (mo/dL) 13 (3) 16 (3) 3 (2) 6 (2) 
Creatinine (mg/dL) 1.1 (0.2) 1.8 (0.4) 1.3 (0.2) 0.9 (0.1) 
Uric acid (mg/dL) 0.5 (0.2) 0.9 (0.8) 0.3 (0.2) — 
Bilirubin (mo/dL) 0.3 (0.1) 0.3 (0.3) 0.4 (0.3) 0.2 (0.1) 
Glucose (mo/dL) 69 (21) 97 (39) 82 (25) 76 (13) 
Cholesterol (mo/dL) 102 (37) 93 (26) 53 (21) 48 (21) 
CPK (IU/L) 255 (248) 409 (722) 260 (203) 617 (398) 
LDH (IU/L) 595 (427) 537 (320) 267 (149) 231 (38) 
Alkaline Phosphatase (IU/L) 80 (55) 92 (51) 80 (41) 17 (6) 
ALT (IU/L) 16 (7) 16 (9) 7 (7) 6 (3) 
AST (IU/L) 85 (27) 71 (25) 61 (27) 39 (9) 
GGT (IU/L) 27 (18) 19 (14) 18 (16) 6 (2) 
Total protein (g/dL) 7.6 (0.9) 8.5 (1.0) 7.5 (0.9) 7.5 (0.4) 
Globulin (g/dL) (electrophoresis) 4.9 (0.9) 5.3 (0.8) 4.5 (0.7) 3.8 (0.7) 
Albumin (g/dL) (electrophoresis) 2.6 (0.4) 3.2 (0.5) 2.9 (0.5) 3.6 (0.6) 
Fibrinogen (mg/dL) 104 (195) 101 (241) 350 (84) 324 (85) 


ALT, Alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CPK, creatine phosphokinase; GGT, gamma-glutamyltransferase, 
g/dL, gram per deciliter; /U/L, international unit per liter; LDH, lactate dehydrogenase; mg/dL, milligram per deciliter. 


detect dental, jaw, and horn problems, including fractures and with coughing and dyspnea occurring in the terminal stages. Nasal 
neoplasia. discharge may be present but is inconsistent. Most infections are 
pulmonary. Antemortem testing includes intradermal tuberculin test, 
tracheal lavage, gastric lavage, or both for mycobacterial culture, and 
DISEASES serologic tests. Retrospective analyses of sera from M. tuberculosis- 
R R infected black rhinos, vvith the use of ElephantTB Stat-Pak (Chembio 
Infectious Diseases Diagnostic Systems Inc., Medford, NY), have shown positive results. '! 
Mycobacterium bovis and M. tuberculosis have caused infections in Treatment with isoniazid, rifampin, ethambutol, and pyrazidamide 
captive rhinos. Although not currently reported in free-ranging has been attempted. However, assessment of a successful response 
rhinos, M. bovis infection was recently reported in a black rhino is limited. 
brought into captivity in South Africa. ” Initial infection may be Mycobacterium avium subspecies paratuberculosis has recently 
asymptomatic or result in progressive weight loss and emaciation, been isolated from a wild-caught black rhino with diarrhea and 


TABLE 55-3 

_ Mean Serum Mineral Values and Blood Gases 

in Rhinos (+SD)'“ | 

Black Indian Sumatran 

Parameter Rhino White Rhino Rhino Rhino 

Calcium 12.7 (1.0) 11.8 (0.9) 11.4 (0.8) 13.3 (1.1) 
mg/dL) 

Phosphorus 4.8 (1.1) 4.0 (0.9) 4.0 (0.9) 3.7 (0.7) 
mg/dL) 

Sodium 133 (3) 134 (5) 132 (3) 133 (4) 
mEq/L) 

Potassium 4.7 (0.6) 4.7 (0.8) 4.1 (0.4) 4.6 (0.6) 
mEq/L) 

Chloride 96 (0.3) 95 (4) 91 (3) 100 (3) 
mEq/L) 

Bicarbonate 23.3 (4.2) 18 (0) 27.0 (0) — 
mEq/L 

Carbon 25.4 (9.9) 25.3 (8.8) 27.3 (3.7) 22.8 (2.4) 
dioxide 
(mEq/L) 

Iron (ug/dL) 227 (66) 176 (67) 152 (70) — 

Magnesium 3.34 (3.45) 118.2 (232.5) 7.95 (8.56) — 
(mg/dL) 


mEq/L, Milliequivalent per liter; mg/dL, milligram per deciliter; ug/dL, 
microgram per deciliter. 


weight loss. After a course of antimycobacterial drugs, clinical signs 
resolved, and fecal cultures were negative.* 

Salmonella infection may cause enteritis and fatal septicemia in 
captive and newly captured wild rhinos. In a retrospective survey of 
captive black, white, and Indian rhinos in the United States, 11% 
demonstrated positive cultures, usually associated with clinical signs. 
Research has shown that asymptomatic black rhinos may carry and 
intermittently shed Salmonella in their feces.’ Clinical infection may 
occur secondary to transport, changes in diet, immobilization, con- 
current disease, or exposure to a large number of organisms. Leth- 
argy, anorexia, signs of colic, diarrhea, and death may be observed. 
Successful treatment using trimethoprim-sulfamethoxazole and sup- 
portive care is possible if initiated early. However, treatment of 
asymptomatic animals is not recommended. 

Leptospirosis usually presents with depression and anorexia. 
Other signs may include hemolytic anemia (not present in all cases), 
hemoglobinuria, colic, and development of skin ulcers. Abortion has 
also been linked to infection with leptospirosis in an Indian rhino.” 
Fatality rates are high in clinically affected black rhinos, although 
successful treatment with trimethoprim-sulfamethaxozole and ceft- 
iofur has been reported.” Diagnosis is based on high antibody titers 
(microagglutination test [MAT]) and confirmed by detection of lep- 
tospiral organisms in urine or tissues (through immunofluorescent 
antibody [IFA] test or, more recently, polymerase chain reaction 
[PCR] test). Low levels of antibodies have been observed in free- 
ranging and nonvaccinated black rhinos without evidence of disease. 
Preventive measures include annual vaccination of black and pos- 
sibly Indian rhinos with a multivalent large animal product, rodent 
and wildlife control programs, and good husbandry to minimize 
contamination of feed and water. 

Fatal gastroenteritis caused by Clostridium infection has occurred 
in adult white rhinos. Neosporosis has also been documented in a 
white rhino calf.** Colitis of unknown etiology and secondary endo- 
toxic shock led to the death of an adult black rhino. Escherichia coli, 
Campylobacter coli, and Pseudomonas sp. have caused enteritis in 
hand-reared rhinos. 
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Encephalomyocarditis virus (EMCV) infection usually results in 
acute death from myocarditis. Diagnosis is usually based on isolation 
of the virus from heart, spleen, or other tissues at necropsy. Preven- 
tion should target rodent control in endemic areas. 

Fungal pneumonia is usually caused by Aspergillus sp. and is 
primarily observed in black rhinos that have had concurrent disease 
and broad-spectrum antibiotic or corticosteroid therapy. Clinical 
signs may include weakness, weight loss, epistaxis, or other signs 
consistent with pneumonia. Diagnosis is challenging, although serol- 
ogy and bronchoscopy, with cytology and fungal culture, may be 
useful. Long-term treatment with antifungal drugs (e.g., itracon- 
azole) is expensive and has unknown efficacy. 

Death caused by anthrax has been observed in wild rhinos and 
has been implicated in a die-off of several Javan rhinos in the Ujon 
Kulan National Park. Most cases result in sudden death. Foamy 
discharge from the mouth and nostrils may be seen and can appear 
similar to EMCV infection. Diagnosis is based on identification of 
anthrax bacilli in blood or tissue smears. Vaccination of ranched 
thinos has been used in some endemic areas of Africa, since rhinos 
have been infrequently affected during outbreaks. Black rhino in the 
Etosha National Park, Namibia, have been vaccinated for more than 
30 years.” 

Isolated cases of rabies and tetanus have been documented in 
rhinos.”” Antibodies to West Nile virus (WNV) have been detected 
in black, white, and Indian rhinos in endemic areas of the United 
States. Black rhinos and Indian rhinos have been vaccinated with a 
commercial equine product without any apparent adverse effects. In 
the authors limited experience, black rhinos appear to develop some 
humoral response to vaccination, although in one study, Indian 
rhinos did not develop significant titers. Infections with eastern 
equine encephalitis virus (EEEV), western equine encephalitis virus 
(WEEV), or Venezuelan equine encephalitis virus (VEEV) have not 
been reported in any of the rhino species. 

Antibodies to African horse sickness, Akabane, bluetongue, epi- 
zootic hemorrhagic disease of deer (EHD), Wesselbron, and Rift 
Valley fever viruses have been detected during serosurveys of free- 
ranging African rhinos, although no association with disease has 
been established 2”: 


Parasitic Diseases of Rhinoceroses 


Internal Parasites 

A variety o[ parasites, including nematodes (Chabertia, Necator, 
Bunostomum spp.), trematodes (Paramphistomum sp.), cestodes 
(Anoplocephala sp., hydatid cyst), and protozoa (Balantidium coli), 
have been found in wild-caught Indian rhinos. Balantidium has also 
been reported in white rhino.”" Larvae of Gyrostigma sp., the rhinoc- 
eros bot fly, are commonly found in the stomachs of free-ranging 
black rhinos. Over 40 species of helminths have been identified in 
African rhinos, the majority being nematodes. Although most are 
asymptomatic, some such as Diceronema versterae may cause 
tumorlike lesions in the stomach. The most abundant species is a 
small pinworm, Probstmayria, found in the cecum and colon of black 
thinos.*' Trematodes and cestodes (Anoplocephala sp.) are also found 
in African rhinos. Tapevvorms, coccidia, and, occasionally, strongyles 
are found in captive rhinos, although they are rarely a cause of 
disease. 

Tsetse flies transmit trypanosomes that may lead to serious con- 
sequences, such as fatal infection or abortion, in naive black and 
white rhinos that are translocated from a tsetse-free area.”" Hemo- 
parasites (Babesia bicornis, Theileria bicornis, Theileria equi) have been 
observed in free-ranging African rhinos. T. equi is relatively common 
in vvhite rhinos, but neither Theileria sp. appear to cause disease. 
However, B. bicornis and T. bicornis have been associated with 
increased mortality in black rhinos stressed by capture and 
transport.” 


External Parasites 
Skin ulcers in free-ranging black rhinos have been associated with a 
filarial parasite, Stephanofilaria dinniki, presumed to be transmitted 
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by a blood-sucking arthropod. Recently, an outbreak of filariasis in 
both white and black rhinos occurred in the Meru National Park, 
Kenya, and lesions resolved after treatment with ivermectin and 
long-acting amoxicillin.”” 

In free-ranging African rhinos, tick infestation is common and 
includes Rhipicephalus, Dermacentor, Ambylomma, and Hyalomma 
species. Since these ticks are vectors for a number of diseases, treat- 
ment of recently captured or newly imported rhinos with acaricides 
is usually required for movement. 


Noninfectious Diseases 


Injuries such as skin lacerations, punctures, abrasions, and other 
wounds are common in both captive and free-ranging rhinos. 
Common sense application of wound treatment principles apply, 
although the thick skin of the rhino does not lend itself to primary 
closure, and abscesses have a tendency to undermine the integument 
along fascial planes. 

Horn avulsion, cracks, or other trauma may be self-induced as a 
result of acute or chronic rubbing, damage from the enclosure, or 
intraspecific fighting. Laminitis and neoplasia may also affect the 
horn. Treatment may involve debridement, antibiotics, wound treat- 
ment, and fly control. Dermatitis, especially in Indian and Sumatran 
thinos, may be caused by inadequate access to wallows and pools. 
Exfoliative dermatitis has been reported in a captive white rhino. 
Malassezia pachydermatis and Candida parapsilosis were identified in 
black rhino with dermatitis and successfully treated using natamycin 
solution. 

Neoplasia is relatively uncommon in rhinos. Cases of squamous 
cell carcinoma (various locations) in white, black, and Indian rhinos, 
cutaneous melanoma in black and Indian rhinos, and isolated cases 
of thyroid carcinoma, hepatocellular carcinoma, and acute lympho- 
blastic leukemia in black rhinos have been reported. 

Although all species of rhino are susceptible to developing podo- 
dermatitis caused by inappropriate substrate, long-term indoor 
housing in northern climes, limited access to a pool, or other hus- 
bandry conditions in captivity, the Indian rhino appears to be more 
susceptible to chronic foot problems." Management of the condition 
includes improvements in husbandry and in medical and surgical 
interventions. Medical treatment may be in the form of oral antimi- 
crobial medication and topical use of copper sulfate and oxytetracy- 
cline. Regular hoof trimming and surgical debridement of necrotic 
esions, along with use of collagen products for granulation tissue 
stimulation, may lead to improvement in appearance and comfort of 
he animal. In addition to the factors mentioned above, nutritional 
imbalances (e.g., zinc) have also been investigated. Black rhinos 
develop laminitis that may or may not be related to idiopathic hem- 
orrhagic vasculopathy syndrome (IHVS). Frequent foot trimmings, 
analgesics, and antibiotics are needed to manage this condition, as 
with laminitis in domestic horses. 

Corneal trauma and secondary infection may result in corneal 

ulceration and perforation. Corneal ulcers may become severe in 
Indian rhinos. Surgical management of a melting corneal ulcer with 
he use of a conjunctival graft has been described in one case. Expo- 
sure keratitis is a relatively common problem for captive Sumatran 
rhinos. Medical and surgical treatments are similar to those for 
equine corneal conditions. 
Noninfectious causes of GI problems in rhinos may be a result of 
dental problems, dietary changes, dehydration, ingestion of foreign 
material (i.e., sand), changes in GI motility because of inflammation, 
neoplasia, or inadequate dietary fiber. Gastric ulcers have been 
observed on gastroscopy and at necropsy in rhinos that have received 
ong-term nonsteroidal anti-inflammatory therapy, have concurrent 
disease, or are undergoing a stressful condition. Gastroprotectants 
such as omeprazole, histamine 2 (H,)-blockers, or sucralfate have 
been used in rhinos both prophylactically and therapeutically, 
although treatment depends on a specific diagnosis. 

Since 2001, chronic glomerulonephritis, renal failure, or both 
have been recognized as a contributing cause of death in at least 
seven black rhinos. Significant changes in blood urea nitrogen (BUN) 


and creatinine values or in urinalysis were not always evident in 
these cases, making diagnosis difficult until necropsy. In contrast, 
two white rhinos (aged >40 years) developed progressive chronic 
renal failure characterized by uremia, isosthenuria, and hyper- 
calcemia. Nutritional management with the use of a high-energy, 
low-protein feed (Equine Senior, Purina Mills, St. Louis, MO) 
appeared to stabilize both animals (Ferrell S, Radcliffe R, personal 
communication). 

Toxicities 

Seven fatalities occurred among a group of 20 black rhinos captured 
and housed in bomas constructed with creosote-treated wood in 
Zimbabwe. The presumptive cause of death was liver dysfunction 
caused by creosote toxicosis. Exposure of all rhino species to 
creosote-treated housing materials should be avoided. Free-ranging 
white rhinos have succumbed to blue-green algae toxicity (Microcys- 
tis spp.). Periodic algal blooms occur in water bodies with high 
organic matter and low water levels following dry summers and 
abnormally warm falls in the Kruger National Park. 

Three black rhinos died from suspected vitamin D toxicosis 
caused by an accidental incorporation of high levels of vitamin D in 
the commercial black rhino pellet.'’ Caution should be used when 
treating with high dosages of cocciodiostats such as salinomycin, 
which have been reportedly toxic to rhinos. An apparent adverse 
drug reaction to firocoxib in a white rhino resulted in a generalized 
vesiculobullous dermatitis.” Food items to be avoided in rhino 
diets include kale, onions, red maple (Acer rubrum), and members 
of Brassica plants because of their predisposition to cause 
hemolysis.”* 


Diseases of Unknown Etiology in Black Rhinos 


Skin disease may be the most common health problem in black 
rhinos, with over 50% having at least one episode during their life- 
time. Several distinct syndromes have been reported in captive 
rhinos. 

Superficial necrolytic dermatopathy has also been called ulcerative 
skin disease, vesicular or ulcerative dermatopathy, and mucosal or cuta- 
neous ulcerative syndrome. Initial signs are epidermal plaques or 
vesicles that progress to ulcers, often over the pressure points, ear 
margins, coronary bands, and tail tip. Oral or nasal ulcers may 
develop concurrently. The affected rhinos may also be anorexic, 
depressed, and lame, have oral or nasal bleeding, and lose weight. 
These animals may have decreased albumin and hematocrits. In most 
cases, the skin lesions are associated with other concurrent health 
issues, including GI and respiratory diseases. Management includes 
symptomatic treatment. If the lesions become extensive, the condi- 
tion may be fatal. Treatment with cryotherapy and steroids has been 
successful. Lesions may resolve spontaneously. 

Eosinophilic granuloma syndrome usually presents with oral and 
nasal nonhealing ulcers and granulomas, which may lead to epistaxis 
or oral bleeding.” Cytology shows a predominance of eosinophils 
associated with lysis of collagen and mineralization. Although the 
lesions may resolve spontaneously, usually over 1 to 7 months, they 
may recur. Treatment has included the administration of corticoste- 
roids, local cryotherapy, or laser therapy. Eosinophilic granulomas in 
wild rhinos are typically associated with Stephanofilaria dinniki. 

A rare single case of primary vitiligo has been reported in a black 
rhino. The condition began around the nares at 2 years of age and 
progressed to include multiple areas without any evidence of other 
syndromes. ** 

All rhino species appear to accumulate dental tartar in captivity, 
especially if they are not given access to hard or coarse food items. 
However, black rhinos appear to develop severe proliferative gingi- 
vitis, not always directly associated with the degree of accumulation 
of calculus” Like horses, rhinos also develop dental points that 
may eventually create clinical problems with prehension as they age 
and require periodic dental floats. 

Cases of hemolytic anemia in the captive black rhino population 
appear to be decreasing since the peak occurrence in the 1990s. Of 


the 47 known occurrences, a high mortality rate (75%) was observed 
among the 39 animals that had been affected.° Possible etiologies 
include a hereditary deficiency of glucose-6-phosphate dehydroge- 
nase (G-6-PD) leading to decreased RBC adenosine triphosphate 
(ATP) levels, hypophosphatemia, and hypovitaminosis E.”” Leptospi- 
rosis is a known cause of hemolytic anemia in this species but was 
not associated with all cases. Management of this syndrome includes 
intravenous or oral supplementation of phosphorus, supplementa- 
tion of vitamin E, prophylactic antibiotics for secondary infections, 
and whole blood transfusion in severe cases. 

IHVS in black rhinos is characterized by severe limb, facial, and 
neck swelling associated with a nonhemolytic anemia. Additional 
signs include lethargy, respiratory stridor, laminitis and nail slough- 
ing, aural hematomas (swelling of the ears), and oral or skin ulcers. 
The syndrome presents acutely without any known cause, and recur- 
rent episodes are likely. The fatality rate is high, but a number of 
animals have recovered with antibiotic and nonsteroidal anti- 
inflammatory therapy with fatty acid and phosphorus supplementa- 
tion, and topical treatment of lesions. Between 1995 and 2007, 13 
black rhinos were documented to have been affected, often with 
recurrent episodes. The majority of cases occurred during the cooler 
months (October—March) in animals that lived in Texas or the south- 
ern United States. It has been proposed that the syndrome is an 
immune-mediated vasculitis, similar to equine purpura hemorrhag- 
ica. A possible association with Streptococcus sp. infection has been 
observed. Treatment is supportive. 

Iron storage disorder (ISD) results in significantly higher tissue 
iron and serum ferritin levels in captive black and Sumatran rhinos 
than those measured in wild or recently captured animals. Levels 
appear to increase with time in captivity. In contrast, values for fer- 
ritin and tissue iron do not appear to be elevated in captive white or 
Indian rhinos.””” Although hemolytic anemia, vitamin E deficiency, 
and hereditary disorders have all been proposed as potential causes, 
it is now believed to be related to dietary factors in the captive 
browser species. Hemosiderosis (tissue iron accumulation) is a 
common finding in multiple organs in black rhinos, although inflam- 
mation and lesions associated with these changes are infrequently 
observed (hemochromatosis). A recent fatality in a captive Sumatran 
rhino was associated with multi-organ hemochromatosis. Recom- 
mendations to minimize accumulation and reduce iron load include 
low iron diets, provision of browse, therapeutic phlebotomy (regular 
large-volume blood collection), and treatment with iron-chelating 
agents in those individuals with suspected clinical disease. 


TABLE 55-4 
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Leukoencephalomalacia, a severe neurologic disease caused by 
necrosis of the cerebrum, was diagnosed in four female black rhino 
calves; three became comatose within 1 to 7 days of signs and even- 
tually died. Some investigators hypothesize that the cause may be 
related to dam age (mean 17.3 years) or excessive maternal iron.” 
Research has focused on possible congenital or hereditary causes of 
encephalomalacia. No known treatment exists. 


REPRODUCTION 
Female Anatomy and Reproduction 


Specific reproductive parameters are provided in Table 55-4.'°~* The 
female reproductive anatomy is similar in all species, with a bicornu- 
ate uterus, which has a short body and long tubular horns. Ovaries 
are found caudal to the kidneys but typically cranial to the last rib. 
The cervix is a thick, fibrous structure containing a complex system 
of folds. Wrinkling of the vagina may make visualization of the cervi- 
cal os difficult. A hymen may be present in nonbred females. Two 
mammary glands are positioned in the inguinal region. 

Estrus cycles are variable among the species, with the longest 
occurring in the Indian rhino at 43 to 48 days, although the 
white rhino has been reported to have cycle lengths of 31 to 35 or 
66 to 70, which may be caused by fetal resorption. " Ovarian activity 
and pregnancy may be monitored with transrectal ultrasonography 
and fecal, urinary, or serum hormone assays. Because of the risk of 
fetal resorption, early pregnancy should be confirmed starting at 2 
weeks with ultrasonography. Embryonic vesicles may be visualized 
as early as 15 days following ovulation. Late pregnancy may be 
monitored with transabdominal ultrasonography of the flank region. 
Early embryonic loss has been documented in wild and captive 
black, white, and Sumatran rhinos.'® Black and Sumatran rhinos 
have been successfully treated for early fetal resorption with oral 
progestin. 

Although dystocia is relatively uncommon in rhinos, it does occur 
in all captive species. " If dystocia occurs, oxytocin (100 TU) may be 
effective if no signs of labor are observed for 4 to 6 hours after 
rupture of fetal membranes. Otherwise a fetotomy is indicated and 
has been successfully performed. Cesarean section is not an option 
in rhinos. 

Signs of impending birth include increase in teat size and mild 
vaginal prolapse up to 30 days prior to calving. Dramatic changes in 
mammary size, restlessness, change in appetite, and relaxation of 


Black Rhino White Rhino Indian Rhino Sumatran Rhino 
Age at Puberty* F: 4—7 years F: 6-7 years F: 5-7 years F&M: 7-8 years 

M: 7-10 years M: 10-12 years M: 10 years M 
Estrus cycle 21-27 days 31-35 or 66-70 days 43-48 days 21-25 days 
Gestation length 465-475 days 485-518 days 462-489 days 475-510 days 
İntercalving interval 2.5-4 years 2-3 years 3 years 3-4 years 
Estrus determinationt Ultrasonography — ovulatory follicle Ultrasonography — Ultrasonography — Ultrasonography — 

(5.0 cm) ovulatory follicle ovulatory follicle ovulatory follicle 
(3.2-3.5 cm) (10-12 cm) (2-2.5 cm) 

Pregnancy diagnosis Urine: PdG, second half of Urine: PdG Urine: PdG after 3 Fecal: progesterone 


gestation, pregnanetriols 

Fecal: 20 a-protagestagen and 20 
keto-protagestagen after 60 days; 
PdG last half of gestation 


Fecal: pregnanetriols, 


progesterone 


months 


“ln captivity, onset of puberty may be earlier; 3.5-5.5 years in females and 5.5-9 years in males. 


tSpecific urinary, fecal, and serum hormone assays have been developed to detect pregnancy in each rhino species. 


PdG, Pregnanediol-glucuronide. 
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pelvic ligaments may be observed within 48 hours of birth. Calving 
should occur rapidly (1-3 hours) with the placenta passed within 6 
to 7 hours. ° 

Reproductive system problems are relatively common in captive 
rhinos. Disorders occur with greater frequency in nulliparous females 
and increase with age.” Ovarian and paraovarian cysts have been 
diagnosed with ultrasonography in white rhinos. Black and white 
rhinos typically have cystic hyperplasia of the uterus, and Asian 
species have neoplastic changes. Leiomyomas are the most common 
umor found in these species, although adenoma and adenocarci- 
noma have also been reported in white rhinos. 
Assisted reproduction has advanced rapidly in rhinos. The ability 
to induce ovulation, time artificial insemination (AI), and use both 
fresh and cryopreserved semen has resulted in the conception 
of seven rhinos by Al, with five live births.'* With the use of in 
vitro fertilization technology, the first rhino embryo has been 
produced. 7 


Male Anatomy and Reproduction 


Testes are located along the dorsal preputial fold either adjacent to 
the inguinal rings or with the caudal aspect protruding between the 
rear legs and positioned horizontally in the body. The scrotum is 
more obvious in the Asian species. Accessory sex glands in male 
rhinos are similar in all four species and include vesicular glands, 
bulbourethral glands, and a prostate. ” The penis is curved backward 
unless erect which allows urination for territorial marking. Lateral 
projections are found on the glans penis. Semen collection attempts 
in rhinos have been historically inconsistent, although development 
of a rhino-specific probe has resulted in more reliable results by 
electroeyaculation.”” Rhino semen characteristics for all four species 
have been published.” Techniques for cryopreservation of semen 
from white, Sumatran, and Indian rhinos have been successfully 
developed and used for Al. 

The penis may be traumatized by injuries from mating or mas- 
turbation. Testicular fibrosis is a common finding in older males and 
may be detected by ultrasonography as hyperechoic spots, although 
it typically does not cause changes in semen quality. Testicular neo- 
plasia, typically seminoma, has been observed in black and white 
rhinos and may be diagnosed with ultrasonography and biopsy. 
Hemicastration may be curative. Epididymal cysts (Sumatran and 
white rhinos), hematoma, or seroma may also be differentiated with 
ultrasonography and fine-needle aspiration. These conditions may 
have variable effects on sperm production. 


PREVENTIVE MEDICINE 


Annual vaccination for leptospirosis is recommended in black rhinos 
and possibly Indian rhinos. The animal should be observed for 30 
minutes following vaccination because isolated cases of anaphylatic 
-like reactions have been reported. Vaccination for rabies, tetanus, 
arboviruses (EEEV/WEEV/WNV) may be considered if the area is 
considered endemic or increased risk factors are involved. Prior to 
vaccination, serologic screening for leptospirosis (multiple serovars), 
and WNV is recommended. Other vaccination regimens depend on 
regional requirements and exposure risks (consider multivalent vac- 
cination for clostridial diseases). 
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CHAPTER 


GENERAL BIOLOGY 


Tapiridae are a family in the order Perissodactyla that comprises 
odd-toed ungulates, including horses and rhinoceroses. Tapiridae 
were once a large group of Neotropical browsers, which largely 
disappeared at the end of the Pleistocene period;” currently, four 
extant species of Tapiridae remain (Table 56-1). Baird’s tapir (Tapirus 
bairdii), the lowland tapir (T. terrestris), and the mountain tapir (T. 
pinchaque) are the only New World perissodactyls of Central and 
South Americas, isolated geographically from the Malayan tapir of 
Southeast Asia (T. indicus).'’ The Malayan tapir has fewer chromo- 
somes compared with South American tapirs (karyotype 2n = 52, 
compared with 76 and 80) and shares fewer homologies with the 
American species.’ No hybridization has been described. A fifth 
living species of Tapirus with the proposed name of T. kabomani has 
recently been described in the Amazon, sympatric with T. terrestris. ” 

Tapirs are primarily crepuscular or nocturnal and are almost 
exclusively solitary, apart from mother—offspring pairs. Their life 
span is approximately 25 years in the wild and 35 years in captiv- 
ity. ””” As adults, they have few natural predators but are hunted by 


humans for their meat and hide. Loss of their preferred habitat of 
old growth forests has further isolated already small populations of 
wild tapirs, resulting in population decline and reduced genetic vari- 
ability. The lowland tapir is classified as Vulnerable by the Interna- 
tional Union for the Conservation of Nature (IUCN) and CITES 
Appendix II, whereas Baird’s, Malayan, and mountain tapirs are clas- 
sified as Endangered by the IUCN and CITES Appendix 1.” All four 
species are listed as endangered under the Endangered Species Act. 
According to the IUCN, less than 5000 Baird’s tapirs and less than 
2500 mountain tapirs remain in the vvild.” 


UNIQUE ANATOMY 


The Malayan tapir is the largest species (>300 kilogram [kg]), and 
the mountain tapir is the smallest (approximately 150-200 kg) 
(Table 56-2). Females are often larger than males, with no other 
apparent sexual dimorphism.* Except for the longer, woolly fur of 
the mountain tapir, tapirs have short hair coats, ranging in color from 
dark brown or reddish-brown to black. The coat of infant tapirs is 
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TABLE 56-1 
Weight (kilogram [kg]; IUCN Conservation 
Genus and average adult male / Status / CITES 
Species Common Name female) Visual Description” Geographic Range” Listing 
Tapirus bairdii Baird"s or Central 180-270 / 225-340 Dark brown with tan Southern Mexico to Endangered / CITES | 
American tapir cheek and throat Northern Colombia and 
patches Ecuador west of the 
Andes 
Tapirus indicus Malayan or Asian 295-385 / 340-430 Black with a Southern Burma, Malay Endangered / CITES | 
tapir caudodorsal white Peninsula, southeastern 
saddle-shaped Thailand and Sumatra 
marking 
Tapirus Mountain or 135-225 / 160-250 Dark brown to black; The Andes central Endangered / CITES | 
pinchaque wooly tapir thick bristly fur and mountains from 
white lips northwest Venezuela, 
Colombia and Ecuador, 
to northwestern Peru 
Tapirus Lowland, Brazilian, 160-250 / 180-295 Brown in coloration vvith Colombia and Venezuela Vulnerable / CITES II 
terrestris or South a prominent sagittal to northern Argentina 
American tapir crest under a short and southern Brazil 
black mane 
TABLE 56-2 
Parameter (units) Baird's Tapir Malayan Tapir Mountain Tapir Lowland Tapir 
Head-body length (centimeters [cm])*” 200-230 250-300 180-200 191-242 
Shoulder height (cm)"” ~120 100-130 80-90 83-118 
Life span (years)”?” “25 in wild; -35 in captivity 
Chromosome number”? 80 52 76 80 
Dental formula. İncisors 3.1, canines 4.3, premolars 3.1, molars 3-4.3 = 42-44 teeth 
Vertebral formula” 7 cervical 
26 thoracic 
4 lumbar 
6 sacral 
5 caudal 
Rectal temperature (° C/° F)7“55 36.3-37.2°C 
97.3-99° F 
Heart rate (beats per minute [beats/min]) 
Anesthetized? 52 + 9 (6) 
Resting’ 45 
Respiratory rate (beats/min; under anesthesia) ” 8-21 
Systolic blood pressure (mm Hg; under anesthesia) n/a n/a n/a 
nvasive” 94 418-114 +13 (6) 
Noninvasive'® 99-202 
Diastolic blood pressure (mmHg; under anesthesia) n/a n/a n/a 
nvasive? 58 + 18-74 + 11 (6) 
Noninvasive'® 46-118 
Mean blood pressure (mmHg; under anesthesia) n/a n/a n/a 
nvasive? 74 + 17-87 + 13 (6) 
Noninvasive'® 66-127 
Newborn calf weight (kg) -5-8568 - 10568 4-7“ 3.2-5.8”7 
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a distinct white or yellow striped and spotted pattern to camoullage 
them against predation. This coloration gradually fades around 5 to 
6 months, with adult coloration developing by 12 months of age.” 
Tapirs have monocular vision and poor eyesight but good olfactory 
and auditory senses. All species have brown eyes, often with a bluish 
cast to them, which is described as corneal cloudiness of unknown 
etiology and is most commonly found in Malayan tapirs (Figure 
56-1). This condition has never been definitively diagnosed in wild 
individuals and may be associated with excessive exposure to light 
or trauma in captivity.”° 

The most notable morphologic feature of the tapir is the muscular 
proboscis, an extension of the upper lip and nose into a mobile, 
tactile soft tissue structure devoid of an internal skeleton, making 
the skull of tapirs unique among perissodactyls.”’ Three-dimensional 
computed tomography (CT) modeling of the skull and images of 
sinus anatomy are available.” They have four hooflike nails on the 
front feet and three on the hind feet. The ancestral front fourth digit, 
retained from the earliest perissodactyls, is small and does not touch 
the ground. The tapir foot posture is plantigrade, with splayed toes 
that help them walk on soft muddy ground. Their mesaxonic limb 
structure distributes most of their body weight on the third digit.” 
The vertebral formula, reported only for lowland tapirs, is 7 cervical, 
26 thoracic, 4 lumbar, 6 sacral, and 5 caudal, totaling 48 vertebrae.” 
The radius and ulna are separate, and the fibula is complete.””” 
Tapirs exhibit brachyodont, or low-crowned, teeth that lack cement, 
which is thought to be an adaptation to a diet of soft forest vegeta- 
tion. Their dental formula is: incisors (1) 3.1, canines (C), 4.3, pre- 
molars (P) 3.1, molars (M) 3 to 4.3 (the first premolar may be 
absent), totaling 42 to 44 teeth. Tapirs have chisel-shaped incisors 
with enlarged maxillary third incisors, small maxillary canines, and 
lophodont cheek teeth. Permanent dentition develops by 30 months 
of age.” 

The internal anatomy of the tapir is analogous to the domestic 
horse (Equus ferus caballus).’’ Tapirs have guttural pouches located 
in the pharyngeal region lateral to the hyoid bones.””” The kidneys 
are nonlobulated, and the cortex makes up 71% to 80% of the renal 
mass." Females have a bicornuate uterus, epitheliochorial placenta- 
tion, and a single pair of mammary glands. In males, the testes are 
located cranioventral to the external anal sphincter within a slightly 
pendulous scrotum” but may retract into the inguinal canal in lateral 


FIGURE 56-1 Corneal cloudiness in two lowland tapirs. (Courtesy of Maria Fernanda Gondim and 


(2) 


recumbency. The penis is directed caudally and capable of spraying 
urine at distances of 5 meters (m).””” Tapirs are monogastric hindgut 
fermenters, with a large cecum and colon, where all alloenzymatic 
digestion occurs. Nonglandular squamous epithelium lines the 
cardia of the stomach, and the remaining gastric epithelium is glan- 
dular, especially toward the pylorus.’ The cecum has four fibrous 
taeniae creating sacculations, and the distal colon has no mesenteric 
attachments. Like other perissodactyls, tapirs lack a gallbladder. 
Malayan tapirs normally have anatomic fibrous connective tissue 
between the visceral and parietal pleurae, as in the elephant, which 
could be mistaken for adhesions secondary to pleural disease at 
necropsy.” This homogeneous pleural space connective tissue is 
not observed in the other three species, which exhibit the mesothelial 
serous membranes typical of other mammals.” 


SPECIAL HOUSING REQUIREMENTS 


Proper environmental management of captive tapirs may prevent 
some of the more common medical problems observed in captivity. 
Tapirs are typically maintained in outdoor enclosures with an indoor 
night den. Minimum recommendations include 600 square feet of 
outdoor space per animal, with off-exhibit individual enclosures 
measuring a minimum of 12 x 15 feet (180 square feet) or 16 x 16 
feet for a female and calf.’ Two-meter high barriers are necessary, as 
tapirs reportedly climb well.” In the wild, forested habitat provides 
safe harbor for hiding or resting;**°° therefore, artificial habitats 
should offer adequate vegetation as visual barriers to decrease stress 
associated with captivity.*' Adult tapirs generally tolerate tempera- 
tures from just above 0°C (32°F) to 38°C (100°F),” but calves 
should not be exposed to temperatures below 10°C (50°F) until 
three months of age.’ Even within these temperature ranges, tapirs 
should be shielded from prolonged exposure to direct sunlight, rain, 
or wind. At least 25% of outdoor habitats should be shaded, as 
ocular pathologies and dermatopathies have been associated with 
exposure to excessive sunlight (Figures 56-1 and 56-2).*" Hard 
(cement or packed earth) and rough floor surfaces should be avoided 
in artificial habitats, as they lead to foot problems and chronic lame- 
ness (Figure 56-3). Substrates and bedding should be chosen with 
caution because some substances (e.g., sand and pine shavings) may 
cause colic and intestinal impaction if ingested, especially in 
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FIGURE 56-2 Vesicular dermatopathy in a lowland tapir, showing the classic presentation of raised, 
blood-filled vesicles that rupture leaving sanguinous discharge over the vvithers. (Courtesy of Mitch 


Finnegan.) 


FIGURE 56-3 Overgrown sole causing embedded stones, bruising 
of the toes, and lameness in an 11-year-old mountain tapir. (Courtesy 
of Liza Dadone.) 


nevvborns.”” As with other species, coarse hay has been linked with 
lumpy jaw. Wild tapirs inhabit aquatic and riparian regions, there- 
fore a large water source should be provided in captivity for bathing, 
temperature regulation (cooling), copulation, and defecation. Pools 
should be large enough for multiple tapirs to submerge; a depth of 
4-6 feet with a 1:8 slope is recommended.” Tapirs almost always 
defecate while standing in water, and lack of access to water has been 
associated with an increased incidence of rectal prolapse. 

Crowded conditions in captivity may cause chronic stress and 
abnormal or aggressive social interactions. When considering the 
addition of conspecifics, enclosure size as well as individual behav- 
iors must be taken into consideration. In particular, aggressive inter- 
actions among males may be prevented by separating immature 
males from adult males at 12 months of age.” Although tapirs have 
been successfully integrated into Neotropical and Asiatic multispe- 
cies exhibits, caution should be exercised with regard to integration, 
as tapirs have been known to eat birds.” Tapirs may be extremely 
aggressive and have been known to inflict serious harm on keepers 
and other tapirs. 


FEEDING 


In the wild, tapirs consume a wide variety of woody and nonwoody 
plant taxa, feeding on various plant parts, including leaves, fruits, 
grasses, and twigs.*°*’ Captive diet recommendations are based on 
known nutrient requirements of the domestic horse, which includes 
70% roughages (legume hay, commercial produce, and browse) and 
30% concentrates (commercial herbivore pellet).”” Roughage should 
comprise high-quality alfalfa hay (>15.9% crude protein, <42.8% 
neutral detergent fiber) or grass hay (>9.8% crude protein; <67.4% 
neutral detergent fiber).”” Roughage maintains normal gastrointesti- 
nal (GI) function, and decreased dietary fiber is linked to problems 
such as rectal prolapse.””” Commercial produce and browse should 
also be offered, although the latter is lacking in most captive diets.” 
Concentrates used to complement nutrition from roughages include 
high-fiber herbivore pellets with 12% to 18% crude protein.” Fruits, 
greens, and root vegetables may be offered in limited quantities. It 
is important to use these foods sparingly, as excess starch and sugar 
may contribute to dental disease and obesity,” which may exacerbate 
foot, hoof, and chronic joint problems. Tapirs should not be fed 
directly off the ground, as this may lead to ingestion of foreign bodies 
and reinfection with parasites.” 

Wild tapirs are known to seek out salt accumulations or natural 
mineral licks,” but mineral supplementation is not necessary in 
captive individuals with a balanced diet. However, a salt block may 
be offered as a supplement or enrichment. No known species-specific 
race mineral requirements exist; however, copper and zinc levels 
should not be lower, and iron not higher, than that recommended 
or horses.” Tapirs are highly efficient in calcium absorption, an 
adaptation to the high calcium-to-phosphorus (Ca: P) ratios of their 
natural diet; therefore, alfalfa hay is adequate." Iron storage disease 
is prevalent in tapir species. Although a dietary cause has not been 
identified,” pelleted compound feeds often contain high levels of iron 
(Fe), and elevations of vitamin C from high fruit intake may promote 
GI iron absorption.” Captive tapirs reportedly have much lower 
serum copper concentrations compared with wild tapirs (Patricia 
Medici, personal communication)” as well as domestic horses,”’ 
although no known pathologies have been reported. 

Daily food intake for an adult tapir should be 4% to 5% of body 
weight,” although pregnant or lactating females and young calves 
may require a higher intake. Ideal body condition scores in tapirs 
are maintained at the presumed maintenance energy requirement for 
hindgut fermenting herbivores (digestible energy [DE] intakes of 0.6 
megajoules/dietary energy İDEl/kg””/day).” In the wild, tapirs are 


continuous feeders, spending up to 90% of their active hours 
foraging,” necessary to acquire adequate nutrition with their limited 
stomach capacity.” Overconsumption at one feeding, especially of 
nonfibrous foods, may contribute to GI problems (colic, volvulus, 
orsion, impaction, obstruction, obstipation) or founder.”””” Entero- 
iths of vivianite and nevvberyite structure have been reported, in 
contrast to the struvite composition normally found in horses.” To 
prevent enterolith formation, dietary recommendations for captive 
apirs promote carbohydrate fermentation while minimizing protein 
fermentation in the large intestine.” 


RESTRAINT AND HANDLING 


Tapirs have traditionally been managed through “direct contact”; 
however, reports of severe or lethal injuries to caretakers highlight 
he risks of manual restraint. The current Association of Zoos and 
Aquariums (AZA) standards recommend that tapirs be managed with 
“protected contact.” The only acceptable type of physical immobi- 
ization, which requires training, is the use of a large animal chute.” 
Depending on the disposition of individual animals, some tapirs may 
be trained with positive reinforcement to be moved, to be prompted 
o present body parts, and to stand still for biologic sample collection 
or intravenous catheterization. Tapirs may also be “scratched-down” 
o lateral recumbency, with a coarse horse brush or outdoor broom 
used to stroke the animals dorsum, neck, and the lateral and abdom- 
inal walls. Although some have used “scratch-downs” for physical 
examination, administration of injections, and even repeated blood 
collection,” the level of immobilization induced by this “state” 
should not be exaggerated.” 

The recent increase in use of O)-adrenergic agonists, alone or in 
combination with other drugs, has decreased the need for ultrapo- 
ent narcotics such as etorphine and carfentanil. The preferred anes- 
hetic protocol depends on both the environmental setting (i.e., 
captive or free-ranging) and the individuals disposition. It is impor- 
ant to establish a quiet environment while working with these 
animals. If stress is unavoidable (i.e., transport, trauma, or disease), 
preanesthetic medication is recommended. The success of some 
anesthetic protocols used for free-ranging tapirs depends on the 
animal’ degree of relaxation. °” Tapirs often retreat into water when 
threatened, so this should be taken into consideration during immo- 
bilizations. It is recommended that the animal be fasted for 24 hours 
to minimize the potential for regurgitation and minimize the pres- 
sure on the diaphragm from the GI tract. Protocols should emphasize 
maintenance of euthermia, through the heating of enclosures in cold 
climates or cooling the animal in hot weather. Because tapirs are 
tropical animals that are rarely exposed to full sunlight, they should 
not be immobilized in full sun. 

Preanesthetic agents such as xylazine and butorphanol have been 
used in tapirs successfully” An estimated dosage of butorphanol 
(0.15-0.25 milligram per kilogram [mg/kg]) combined with xylazine 
(0.3-0.5 mg/kg) delivered intramuscularly (IM) produces sufficient 
immobilization. Alternatively, detomidine (0.06 mg/kg) combined 
with butorphanol (0.15-0.2 mg/kg) has been used successfully in 
captive Bairds tapirs.”” It is worth noting that these dosages are less 
than those required to achieve recumbency in domestic horses. For 
example, a sick adult lowland tapir was successfully sedated with 
only 5 mg detomidine hydrochloride and 10 mg butorphanol.” 
Anesthetic induction is typically achieved by hand or remote delivery 
of intramuscular (free-ranging and captive) or intravenous injection 
(captive animal previously sedated or conditioned). Factors influenc- 
ing the choice of induction protocol are provided in Table 56-3. 
Intravenous induction with propofol or ketamine is possible in 
rained or sedated individuals. Standing sedation with xylazine, 
alternative 0,-agonist combinations, or azaperone (1 mg/kg) may be 
used for short, less invasive procedures (e.g., skin biopsy, blood col- 
ection, portable radiography, etc.).*° Following anesthetic induction, 
tapirs adopt a saw-horse position, drop their heads, drool, and may 
lose control of their proboscis; then they progress to a sitting-dog 
position before achieving recumbency. Isoflurane is the most 
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common inhalant used to maintain anesthesia in tapirs. Intravenous 
guaifenesin in a dextrose solution has been used safely in a small 
number of Baird’s tapirs (L. Padilla, personal communication) to 
increase relaxation, depth, and duration of anesthesia following 
induction with other agents. At rates used in horses, intravenous 
guaifenesin provided similar anesthetic effects as well as dose- 
dependent and rate-dependent respiratory depression. Since guai- 
fenesin susceptibility varies among equid species," it should be used 
in tapirs with extreme caution until additional research has been 
conducted. Constant rate infusions of propofol have been reported 
in tapirs” and small boluses have been used as supplements to 
maintain or reach deeper planes of anesthesia. 

Tapirs may be maintained in sternal or lateral recumbency once 
anesthetized; however, the latter position allows for better ventilation 
and minimizes the potential for neuropathies. A blindfold should be 
applied to the eyes and gauze placed in the ears to minimize external 
stimuli—which is particularly important when using 0.,-agonists, 
opioids, or both to minimize premature arousal. At the minimum, 
heart rate, peripheral pulse strength, respiratory rate, and body tem- 
perature should be monitored regularly during the anesthetic period 
(see Table 56-2). The reader is directed to other sources for in-depth 
discussion of monitoring equipment and techniques recommended 
in tapirs.”” Hypoxemia has been reported,'° so supplemental oxygen 
is recommended, at least intranasally at 10 to 15 liters per minute 
(L/min). Improved oxygen saturation and ventilation may be accom- 
plished in the field with a demand valve driven by 100% oxygen or 
a manual resuscitator bag with supplemental oxygen attachment. 
Blind intubation of tapirs is relatively simple (adult tapir: 16-20 mm 
internal diameter endotracheal tube); thus tracheal insufflation of 
oxygen or positive pressure ventilation (20-30 centimeters of water 
cm H,O|) are reasonable means to address hypoxemia. 

Protocols that include o,-adrenergic agonists are typically antago- 
nized well and yield smooth, uneventful recoveries. In captivity, 
animals should be maintained in a quiet, dark enclosure until they 
recover fully. Tapirs recovering from anesthesia exhibit ear twitching, 
tongue retraction, twitching of the proboscis, and rapid return to 
sternal recumbency. From sternal recumbency they may first sit on 
their hindquarters or stand fully. Physical restraint is not recom- 
mended once a tapir stands. Anecdotal evidence suggests that tapirs 
may experience “renarcotization” hours after reversal of 0,-agonists 
medetomidine or detomidine, which may be circulating longer than 
their antagonists. 


SURGERY 


The basic recommendations and techniques in equine surgery apply 
o tapirs. Padding should be used if prolonged recumbency is 
expected. Standard equine surgical instruments, approaches, and 
echniques are used in the tapir. Preemptive analgesia and postsurgi- 
cal pain management is recommended. Few surgical procedures have 
been reported: rectal prolapse repair,” management of an abdominal 
abscess, ” and mass resection, with or without biopsy. ””” Dental 
extraction and castration are probably the most common procedures 
performed. Mandibular fracture fixation is the only orthopedic 
surgery reported in tapirs.”” 


OTHER PHARMACEUTICALS 


Most pharmaceutical therapeutics and dosages are extrapolated from 
equine medicine. Antibiotics commonly used include ceftiofur, long- 
acting penicillins, and trimethoprim-sulfonamide combinations. 
Injection site abscesses are not uncommon. When injecting medica- 
tions and treating abscesses, note that skin thickness may be up 
to 2.5 centimeters (cm) along the back of the head and neck. 
Oral nonsteroidal anti-inflammatory drugs (NSAIDs) and Cosequin 
at equid dosages are often used for treating arthritis in tapirs. " 
Although therapeutic regimens for vesicular dermatopathy rarely 
provide earlier resolution, treatment has included topical antiseptics 
and antibiotics, systemic antibiotics in severe cases, and NSAIDs for 
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TABLE 56-3 
Species Animal Status Anesthetics Comments 
Tapirus pinchaque Captive Carfentanil (5.4 microgram per kilogram İug/kgl), Six immobilizations of tapirs (1 female, 3 
ketamine (0.26 milligram per kilogram [mg/kg]) males; 1 juvenile male immobilized 3 
and xylazine (0.13 mg/kg,) intramuscularly times) for footwork, gastrointestinal 
UM) endoscopy, reproductive surgery” 
Reversal: yohimbine (0.2 mg/kg, intravenously 
{IV]); and naltrexone (100-200 mg/kg, half IV, 
half subcutaneously [SC]) 
Tapirus indicus Captive Butorphanol (0.15 mg/kg) and detomidine Nineteen immobilizations of Malayan and 
(0.05 mg/kg) OR xylazine (0.3 mg/kg, all IM): mountain tapirs”” 
use ketamine if needed (0.5 mg/kg, IV) 
Reversal: naloxone and yohimbine (0.2-0.3 mg/ 
kg, IV) 
Tapirus bairdii Captive Butorphanol (0.15-0.2 mg/kg) and detomidine Report of 11 males anesthetized for 
(0.06 mg/kg); ketamine (1-2 mg/kg) was used semen collection by electroejaculation 
to reach or maintain recumbency and light in three captive institutions in Panama, ° 
anesthesia but authors (personal communication) 
Boluses of propofol (0.2-2.0 mg/kg per bolus) report similar usage in similar number 
were used to effect as needed of females has the same effects, and 
that anesthesia was antagonized with 
naltrexone and yohimbine 
Tapirus indicus Captive Butorphanol (80 mg, IM) and Estimated body weight 340 kg; repeated 
Xylazine (120 mg total, IM) OR detomidine immobilizations of light anesthesia for 
(12 mg total, IM) diagnosis and treatment of oral 
Reversal: naltrexone (200 mg total, IM), squamous cell carcinoma”? 
tolazoline (1400 mg total, IM) 
Tapirus terrestris Captive Detomidine (0.03mg/kg, orally [PO]), 20 minutes One animal repeatedly immobilized for 


later, carfentanil (1.85 pg/kg, PO) 


wound management; variety of 
combinations of oz-agonist or etorphine 
or carfentanil were used but eight 
immobilizations with detomidine/ 
carfentanil, PO, were most useful. 


Tapirus bairdii 


Attracted wild tapirs 
to bait stations 


Total dosage for a 200-300 kg animal: 40-50 mg 
of butorphanol and 100 mg of xylazine in the 
same dart 

Additional ketamine (187 + 40.86 mg/animal) or 
constant rate infusion of propofol 
(50-200 mcg/kg/min), administered IV 

Reversal: Naltrexone 50 mg, with 1200 mg of 
tolazoline in the same syringe IM; no sooner 
than 30 minutes from last administration of 
ketamine 


Administered to animals from a tree blind 
via a dart 

The animals had been habituated to come 
to bait for several days and thus were 


relatively calm when darted'® 


Tapirus terrestris 


Tapirs were captive, 
semi-captive or wild 


Ketamine (3.5—4 mg/kg) and xylazine (2-2.2 mg/ 
kg) IM, supplemented with ketamine (1.4 mg/ 
kg) | 

Reversal: Tolazoline (4 mg/kg) 


Administered using darts projected by a 
blovvpipe, or IV using syringe’ 


Tapirus terrestris 


Wild tapirs captured in 
pens or pit-falls 


Butorphanol tartrate (0.15 mg/kg) with 
medetomidine (0.03 mg/kg) IM, in same dart 

Reversal: Atipamezole (0.06 mg/kg) with 
naltrexone (0.6 mg/kg) in same syringe, IV 


Adequate immobilization for radio 
collaring, and biologic sampling’ 


Tapirus terrestris 
and Tapirus 
pinchaque 


Wild tapirs captured in 
pens or pit-falls, or 
immobilized by dart 


Dosages were calculated using allometric 
scaling: ketamine (0.62-0.41 mg/kg) and 
atropine (0.025-0.04 mg/kg), and tiletamine- 
zolazepam (1.25-083 mg/kg), and romifidine 
(0.05—0.03 mg/kg) OR detomidine (0.06- 
0.04 mg/kg) OR medetomidine (0.006- 
0.004 mg/kg) in the same dart 

Reversal: atipamezole (0.06 mg/kg) 


Medetomidine produced best results 
obtaining good muscular relaxation and 
more stable cardiopulmonary 
parameters” 


FIGURE 56-4 Dental radiograph of a Malayan tapir, exhibiting radio- 
lucencies correlating to resorptive lesions at the cementoenamel junc- 
tion. (Courtesy of Mads Bertelsen.) 


neuromuscular signs.'* Iron dextran may be administered prophy- 
lactically (10 mg/kg, IM) if iron deficiency anemia is of concern in 
captive neonates. ” Fluorouracil has been used in tapirs for the suc- 
cessful treatment of corneal papillomas” and oral squamous cell 
carcinoma,” with no adverse drug effects. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Physical examinations may be performed during scratch-down pro- 
cedures or immobilizations. Emphasis should be placed on dental, 
ophthalmic, and hoof or foot pad examination.”””” Dental radiogra- 
phy and foot radiography may be important diagnostic tools (Figure 
56-4). Rectal palpation may be difficult and may be limited to the 
caudal abdomen because of the tight anal sphincter.” Blood may be 
collected from the marginal auricular, cephalic, medial carpal, or 
medial saphenous veins during scratch-down procedures (Figure 
56-5) and from the carpal or jugular veins during immobilizations. 
A complete blood cell (CBC) count, including fibrinogen, and a 
serum chemistry panel should be performed, and banking a 
minimum of 10 milliliters (mL) of serum in either a —70° C (—94° F) 
freezer or a frost-free —20°C (—4°F) freezer is recommended.” 
Although not validated for tapirs, laboratory tests for equine diseases 
are thought to be credible.” Serum ferritin concentrations may be 
most useful for diagnosis of iron storage disease, as ferritin assay 
is reportedly the single most reliable noninvasive indicator of 
total body iron stores, and species-specific reagents are available for 
tapirs at the Laboratory of Comparative Hematology, Kansas State 
University College of Veterinary Medicine.” Table 56-4 provides 
hematology and chemistry values for all four tapir species. Values 
are similar to those of the horse and other perissodactyls, and no 
significant differences have been reported between tapir species.”” 
Urine may be collected via catheterization; it must be noted that 
tapir urine may normally be cloudy or chalky because of calcium 
excretion observed in most perissodactyls.”” Hypercalcemia and 
hypertension have been associated with chronic renal disease in 
tapirs, 
No validated reliable antemortem test for tuberculosis (TB) in 
tapirs is available, and a combination of diagnostic techniques is 
recommended.” An intradermal test may be performed using 0.1 mL 
purified protein derivative (PPD) of Mycobacterium bovis in regions 
where the skin is thin and pliable such as the inguinal area near the 
nipples, the axillary area, or perineum.”””) A high number of false 
reactions have been reported in tapirs,’' in which case additional 
diagnostics should be considered (comparative intradermal test with 
bovine and avian tuberculin; thoracic radiography; and nasal, gastric, 
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FIGURE 56-5 Demonstration of phlebotomy technique using the 


medial saphenous vein during a scratch-down procedure. (Courtesy 
of Mads Bertelsen.) 


tracheal, or bronchoalveolar lavage to obtain fluid for cytology, 
culture, and polymerase chain reaction [PCR] testing). Adjunct 
testing with the enzyme-linked immunosorbent assay (ELISA) and 
multi-antigen print immunoassay (MAPIA), which uses recombinant 
antigens to M. tuberculosis and M. bovis, has shown some diagnostic 
potential.””” In addition, a point-of-care lateral flow immunochro- 
matographic rapid test assay, the Elephant TB STAT-PAK (Chembio 
Diagnostic Systems, Inc., Medford, NY), detects immunoglobulin M 
(gM) and IgG antibodies against M. tuberculosis and M. bovis. This 
test is now recommended for TB testing in elephants, has been used 
in rhinoceros, and may prove useful in tapirs. 7 

Imaging diagnostics include general radiography (with a 
minimum 300 milliamperes [mA] capacity machine for thoracic 
images), transabdominal or transrectal ultrasonography (the latter 
often with a transvaginal transducer),”” endoscopy,’ flexible bron- 
choscopy, and echocardiography. Thermography may be useful as 
an adjunct procedure in the diagnosis of musculoskeletal disorders 
(Figure 56-6). 


DISEASES 
General 


Mortalities in wild tapirs from infectious disease are rarely reported, 
possibly because of an extended evolutionary history that allowed 
for adaptation to common infectious agents. However, conditions in 
captivity such as exposure to dusty substrates, more frequent contact 
with conspecifics, and contact with novel species have resulted in 
mortalities. 


Infectious Disease 


Both salmonellosis and campylobacteriosis have been reported in 
tapirs in captivity presumably from exposure to conspecifics or 
rodents actively shedding the bacteria. Salmonella typhimurium was 
associated with fatal septicemia in a lowland tapir, and S. poona was 
isolated from a neonatal Baird’s tapir with acute GI distress.°* Myco- 
bacterium bovis sporadically affects captive tapirs,”” and at least one 
report of M. tuberculosis presumed to be anthropozoonotic has been 
reported.’ Mycobacteriosis is a protracted disease that causes weight 
loss and progressive respiratory disease. Coughing and weight loss 
may also be caused by Coccidiodes immitus and should be suspected 
in endemic regions. Tapirs appear particularly prone to developing 
“lumpy jaw” as a result of molar apical abscesses. A variety of bacteria 
have been isolated from these lesions, including Corynebacterium 
pyogenes, -hemolytic Streptococcus, Actinomyces spp., Necrobacillus 
spp., E. coli, and Mycobacterium spp. Unvaccinated tapirs are 
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TABLE 56-4 


Parameter (units) 


Baird's Tapir 


Malayan Tapir 


Mountain Tapir 


Lowland Tapir 


Hematocrit (%) 


23.6-43.5, 32.4 (218) 


21.8-48.3; 35.6 (403) 


21.1-43.8; 32.3 (62) 


27.5-58.0; 39.7 (161) 


Leukocytes (*10°/ul) 


3.89-13.23; 7.42 (204) 


4.10-14.44; 8.12 (332) 


3.05-8.36; 5.76 (60) 


4.34-16.67; 9.14 (139) 


Neutrophils (*10%/ul) 


1.94-8.96, 4.57 (204) 


2.40-9.36, 5.26 (330) 


1.34-6.20; 3.81 (60) 


2.46-11.99, 5.43 (139) 


Lymphocytes (*10°/ul) 


0.36-5.54; 2.54 (202) 


0.54-4.93, 2.15 (329) 


0.84-2.44; 1.67 (60) 


1.06-5.76; 2.80 (139) 


Monocytes (cells/ul) 


52-592; 213 (157) 


58-851; 306 (303) 


0-282; 142 (55) 


0-543; 241 (116) 


Eosinophils (cells/ul) 


44-559; 191 (144) 


45-664; 230 (214) 


0-380; 157 (44) 


30-1578; 510 (120) 


Basophils (cells/ul) 


0-221: 102 (52) 


Band Neutrophils (*10°/u!) 


0.01-0.06, 0.03 (194) 


0.01-0.11; 0.04 (298) 


0.01-0.04; 0.02 (51) 


0.01-0.08; 0.04 (131) 


Total Protein (g/dL) 5.5-8.4; 7.1 (170) 5.4-8.4; 6.8 (321) 5.5-7.6; 6.6 (58) 5.1-8.4; 6.8 (147) 
Fibrinogen (mg/dL) 250 (32) 0-806; 384 (90) == == 

Albumin (g/dL) 1.7-4.3; 3.0 (172) 1.6-4.1; 3.0 (317) 2.2-4.3, 3.1 (60) 1.8-4.1; 3.0 (142) 
Globulin (g/dL) 1.2-5.4: 3.8 (172) 1.1-5.1; 3.6 (314) 2.0-4.5; 3.3 (59) 2.2-5.3; 3.9 (141) 


Sodium (mEq/L) 


126-144; 134 (184) 


127-144; 134 (329) 


126-143; 135 (65) 


127-144; 135 (132) 


Chloride (mEq/L) 


91-106; 98 (185) 


87-103; 95 (320) 


95-108; 102 (59) 


93-107; 99 (124) 


Potassium (mEq/L) 2.9-5.1; 4.0 (195) 2.9-5.4; 4.1 (330) 3.1-4.6; 3.9 (65) 2.6-5.0; 3.9 (133) 
Calcium (mg/dL) 9.1-12.2; 10.8 (198) 8.6-15.3; 11.3 (346) 9.0-12.2; 10.5 (64) 8.4-12.1; 10.5 (154) 
Phosphorus (mg/dL) 4.1-8.6; 5.8 (146) 3.0-8.5; 5.5 (334) 2.6-6.7; 4.7 (65) 3.2-7.8; 5.1 (145) 
Bicarbonate (mEq/L) — 18.4-32.2; 25.2 (66) — — 

Carbon Dioxide (mEq/L) 18.2-30.2; 24.2 (108) 18.5-35.3; 26.8 (131) — 17.1-34.2; 24.7 (44) 
Iron (g/dL) 205 (31) 52-292; 170 (57) = = 

Magnesium (mg/dL) — 0.87-2.53; 1.69 (93) — — 

Blood Urea Nitrogen (mg/dL) 5-16; 10 (196) 5-20; 11 (348) 2-16; 10 (58) 5-16; 8 (154) 
Creatinine (mg/dL) 0.6—1.6, 1.1 (189) 0.8-2.3; 1.4 (343) 0.4-1.4; 0.9 (57) 0.7-1.9; 1.2 (140) 
Total Bilirubin (mg/dL) 0.4-1.8; 0.8 (190) 0.1-1.3; 0.5 (322) 0.0-1.2; 0.6 (56) 0.1-1.3; 0.5 (147) 
Glucose (mg/dL) 60-162; 100 (188) 63-157; 104 (349) 67-139; 104 (60) 62-160; 100 (151) 
Cholesterol (mg/dL) 94-257; 180 (140) 93-237; 155 (293) 70-168; 121 (55) 99-374; 199 (125) 


Triglyceride (mg/dL) 


0-100; 52 (67) 


8-76; 32 (126) 


0-79; 41 (75) 


Amylase (IU/L) 


0-4958, 2354 (54) 


0-4084; 2106 (96) 


2452 (33) 


Lipase (IU/L) 


0-43; 14 (51) 


Creatine Phosphokinase (IU/L) 


116-423; 247 (135) 


115-506; 259 (211) 


39-384; 223 (51) 


16-236; 136 (73) 


Lactate Dehydrogenase (IU/L) 


0-2178; 949 (89) 


0-1762; 756 (108) 


0-1164: 639 (69) 


Alkaline Phosphatase (IU/L) 26-663; 195 (179) 4-51; 20 (292) 6-133; 73 (55) 8-77; 28 (143) 
Alanine Aminotransferase (IU/L) 6-31; 16 (167) 2-27; 11 (236) — 0-20; 9 (112) 
Aspartate Aminotransferase (IU/L) 53-201; 116 (188) 62-275; 136 (318) 16-58; 40 (53) 32-124; 74 (138) 
Gamma Glutamyltransferase (IU/L) 0-33; 17 (111) 2-65; 21 (197) 5-32; 20 (49) 0-34; 15 (69) 


From Teare JA, ed: 2013, “Tapirus_bairdii/indicus/pinchaque/terrestris_No_selection_by_gender__All_ages_combined_Standard_International_Units__2013 
_CD.html” in ISIS Physiological Reference Intervals for Captive Wildlife: A CD-ROM Resource., International Species Information System, 


Bloomington, MN. 


susceptible to infection with Clostridium spp. Specifically, C. tetani 
produces muscle stiffness, hemoglobinuria, and death. Antibodies 
against various Leptospira serovars have been documented in 
apirs. 7:3?” Evidence of clinical disease from infection with Lepto- 
spira interrogans serovar pomona was described in a female lowland 
apir sympatric with cattle and horses in the Brazilian Pantanal.*! 
Morbidity and mortality caused by herpesvirus, encephalomyo- 
carditis virus, and foot-and-mouth disease virus have been reported 
in captive tapirs. In a health evaluation of 23 captive T. bairdii in 
Panama, 21% were seropositive for Venezuelan encephalomyelitis 
H1 virus, 47% for vesicular stomatitis, and 13% for West Nile virus 
(VVNV), although none of the animals demonstrated clinical signs. 
Furthermore, antibodies against equine herpesvirus (types 1, 2 and 
4), equine influenza virus, and equine rhinovirus (types 1 and 2) 
were detected in these individuals.°' Although some institutions 


choose to vaccinate against encephalitides and antibodies have been 
detected in wild tapirs, morbidity from equine encephalitis viruses 
have not been definitively diagnosed.*'***° One report documented 
mortality in Malayan tapirs as a result of herpesvirus infection; ° 
however, the type of herpesvirus was not determined. 


Parasitic Disease 


Tapirs are susceptible to a variety of ectoparasites and endopara- 
sites.°°*! Tapirs are parasitized by several species of ticks, which are 
known vectors of a wide variety of rickettsial and hemoparasitic 
diseases. To date, no reports of rickettsial disease in tapirs have been 
published, but an intraerythrocytic parasite resembling Babesia equi 
was found in a recently imported Malayan tapir manifesting clinical 
signs of anemia and icterus.' It would be wise to monitor imported 
animals. Both amebic meningoencephalitis and schistosomiasis have 
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FIGURE 56-6 Thermography of the left rear foot of a captive tapir imaged during a scratch-down 
procedure (B), indicating a heat signature at the lateral toe which corresponded with a sub-solar 
abscess (A). 


been reported in tapirs.” Watery diarrhea caused by Cryptosporidium 
was reported in tapirs at the Shanghai Zoo; the molecular character- 
ization of the parasite demonstrated a 99% identity with Cryptospo- 
ridium suis.” Balantidium and Giardia are considered normal enteric 
flora, but they have also been suspected as a cause of intermittent 
watery diarrhea.! 


Noninfectious Disease 


The majority of noninfectious diseases of tapirs involve the GI system 
and includes colic, rectal prolapse (as a result of colonic impactions), 
and enteroliths.”” With advances in the nutrition and husbandry of 
tapirs, these syndromes appear to be declining. A syndrome termed 
“vesicular dermatitis,” which is characterized by skin vesicles on the 
dorsal skin with bloody discharge, ” (see Figure 56-2) continues to 
affect captive tapirs, and its etiology has not been definitively deter- 
mined. Ideally, skin biopsies of affected areas should be collected and 
preserved in 10% buffered formalin for histopathologic examination. 
The condition may be associated with a fluctuation in hormones in 
females and typically resolves spontaneously. Plantar dermatitis and 
ulceration are usually caused by inappropriate, hard substrates. 
Some evidence suggests that the iron levels in captive tapirs are 
significantly higher than in their free-ranging counterparts and may 
result in hemochromatosis." 

See Table 56-5 for clinical signs and potential etiologies com- 
monly seen or previously reported in tapirs in the United States. 


PREVENTIVE MEDICINE 


Development of a preventive medicine protocol for tapirs should 
follow the same logic as that for other animals; this includes an 
understanding of the relevant infectious diseases and clinical syn- 
dromes, risk assessment that considers contact with other species 
(including domestics), and consideration of region-specific and 
institution-specific problems. For example, the majority of clinica 
problems seen in tapirs in South America” are related to husbandry 
or nutrition, whereas the only comprehensive review of tapir 
mortalities in North American zoologic institutions indicates that 
infectious diseases are more common.” Three types of health exami- 
nations are recommended for tapirs: (1) pre-shipment or quarantine 
examinations, (2) regular (annual or opportunistic) health examina- 
tions, and (3) neonatal examinations. Quarantine protocols should 
include 30 days in isolation, during which a minimum of a complete 
physical examination, basic blood work, three serial fecal examina- 
tions for parasites, fecal culture, and TB testing should be performed. 
Collection of appropriate biologic samples to test for relevant 


pathogens is also recommended, either used for immediate analysis 
or preserved for future testing. The Tapir Specialist Group provides 
a comprehensive report on recommendations for reintroduction 
protocols.” 


Vaccination 


Tapir immunization protocols and immunologic responses have not 
been thoroughly evaluated but have been adapted from similar 
species. “77” Inactivated vaccines are often recommended to avoid 
the possibility of vaccine-induced disease. Vaccination against 
tetanus™ and other clostridial diseases are strongly recommended, 
particularly where domestic ungulates are present in the proximity 
of tapir enclosures. Equine encephalomyelitis virus (EEV) and 
VVNV vaccination is recommended for endemic areas.” Vaccina- 
tion against infectious bovine rhinotracheitis is recommended for 
endemic areas and if the risk of infection from contact with domestic 
cattle is high. ” Rabies vaccination may be indicated. Encephalomyo- 
carditis virus (EMCV) infection has been reported occasionally in 
zoos in warm climates, some resulting in deaths, but no vaccine is 
available; therefore, the main prevention is maintenance of appropri- 
ate hygiene, feeding practices, and pest control. 


REPRODUCTION 


Tapirs reach sexual maturity generally between 2 and 4 years of age, 
although the timing varies. Females have bred as young as 13 
months of age in captivity; therefore, the general recommendation 
is to separate them from unwanted breeding males from the age of 
15 months.””” Tapirs are nonseasonal breeders. Estrus cycle length 
varies from 1 to 3 months but is generally considered to be monthly 
on the basis of progesterone levels.”” Vulvar swelling, white and 
stringy mucous discharge, urine dribbling, and increased vocaliza- 
tion, as well as low progesterone levels may signify the onset of 
estrus.’ Estrus lasts 1 to 4 days,’ during which multiple copula- 
tions may occur. Injuries during breeding do occur.™ 

Tapir gestation lasts 13 to 14 months, generally 390 to 410 
days.*’” Female tapirs may resume estrus at an average of 16 (9-27) 
days after parturition; therefore, the inter-birth interval may be as 
short as 14 months.” Pregnancy is often difficult to determine, as 
the body weight of pregnant tapirs may only increase by about 
10%.*’ Pregnancy diagnosis methods include blood serum hormone 
concentration and ultrasonography. Progesterone levels vary but 
appear to be quite low in the luteal phase and pregnancy; however, 
progesterone values higher than 2.5 nanograms per milliliter 
(ng/mL) are suggestive of pregnancy. Confirmation of pregnancy is 
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TABLE 56-5 


Clinical Sign or Problem 
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Possible Etiologies 


Comments 


Colic 


— 


. Bacterial enterocolitis 


Important to quickly differentiate medical from 


2. Intestinal accidents (e.g., volvulus, torsion, surgical problems 
intussuception) 
3. Sand or foreign body impaction 
4. Inappropriate diet 
Corneal cloudiness . Excessive light exposure Etiology not definitively known 
2. Trauma Most common in Tapirus indicus 
3. Bacterial infection Can be associated with corneal ulceration 
Death, neonatal . Failure of passive transfer or septicemia Neonatal mortality will be high unless a suitable 
2. Hypothermia birthing environment is available 
3. Drowning or trauma 
Death, sudden . Encephalomyocarditis virus — 
2. Intestinal accidents 
Dermatitis, general . Sarcoptic mange Both reported in Europe 
2. Dermatophyte (Microsporum sp.) 
3. Ectoparasites 
4. Bacterial dermatitis 
Diarrhea, chronic vomiting 1. Inappropriate diet Minimize fruit in diet 
2. Bacterial or protozoal enteritis Bacterial enteritis most frequently caused by 
3. Eosinophilic enterocolitis Salmonella, Campylobacter 


Chronic cases may require endoscopic 
gastrointestinal biopsies and other diagnostics 


Dorsal skin vesicles and sloughs 
or collapsing 


. Vesicular skin disease 


Cause of this syndrome unknown 


Dyspnea or coughing 


. Pulmonary tuberculosis 
. Bacterial pneumonia 

. Coccidioidomycosis 

. Laryngeal abscess 

. Foreign bodies 


These signs may be indicative of life-threatening 
disease 


Lameness, acute 


. Overwear of foot pads 

. Overactivity during introduction 
. Hard substrate 

. Laminitis 

. Plantar dermatitis and trauma 

. Capture myopathy 


Severe pad ulcerations may develop when 
animals become overactive 

A hard substrate or continuously wet concrete 
will precipitate foot problems 


Lameness, chronic 


. Degenerative joint disease (DJD) 
. Chronic foot pad ulcers or dermatitis 


DJD common in older animals and carries 
worse prognosis than foot pad problems 


Mandibular swelling 


olar apical abscess 
andibular osteomyelitis 
. Neoplasia 

. Trauma 


Difficult to treat successfully and may become 
chronic 
May cause death 


Nasal discharge 


. Guttural pouch infection 
. Bacterial rhinitis 

. Pneumonia 

. Foreign bodies 


Nasal discharge may indicate more serious 
lower airway disease 


Rectal prolapse 


. Diet, stress 
Unknown 
. Absence of water body 


Not commonly reported anymore 
Possibly as a result of improved diets 


Vaginal discharge 
Cloudy, chalky urine 
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. Normal: 2-3 weeks before parturition 

. Genitourinary tract infection or estrus; normal 
urinary calcium excretion 

. Leiomyosarcoma 

etritis 


Best differentiated by urinalysis or cytology 


Weight loss, chronic 
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. Renal failure 

. Dental disease 

. Tuberculosis 

. Chronic bacterial pneumonia 


Pulmonary tuberculosis has been frequently 
reported in the literature 


Adapted from references 28 and 41. 


achieved by observing increasing progesterone values in three serial 
tests over 15 days’ or via urinary and fecal hormone analyses. Fetal 
viability and development may be assessed by measuring serum 
hormone levels or by ultrasonography. In lowland tapirs, serum 
progesterone concentrations increase and decrease throughout gesta- 
tion with minimum values of 2.67 ng/mL during the first period of 
gestation and maximum values of 22.6 ng/mL during the last 
period.” Serum estrogen remains fairly constant at 20 to 30 pico- 
grams per milliliter (pg/mL), increasing just prior to parturition.”” 
Transabdominal and rectal ultrasonography are useful starting at 30 
to 45 days of gestation. Fetal growth may be monitored through 
serial measurements of total body length, cranial (biparietal) diam- 
eter, thoracic diameter, and abdominal diameter (at gastric axis 
level). 773? 
Signs of impending parturition vary. Both serum progesterone 
and serum estrogen reach their highest concentration 7 to 10 days 
prior to parturition and rapidly drop just hours before parturi- 
tion.” Estrogen concentrations in Bairds tapirs were 85 to 
131 pg/mL,’ higher than those seen in the lowland tapir at 14 to 
34.6 pg/mL.”” Significant serum cortisol changes do not appear 
to precede parturition, at least in lowland and Bairds tapirs, and may 
not contribute to initiation of labor.” Enlarged mammary glands 
and vulvar edema may be observed approximately 2 weeks prior to 
parturition.”” Mammae may begin to secrete colostrum 7 days prior 
to parturition, and vaginal mucoid discharge may be observed 2 days 
prior to parturition. Dystocia, vaginal prolapse, and metritis have 
been reported. Females should be separated from males prior to 
parturition. Depending on the housing situation and individual per- 
sonalities of the tapirs, the male is commonly reintroduced when the 
calf is 1 to 3 months old.°** Although young tapirs are strong swim- 
mers, neonates may drown, so pools should be drained. Tapirs 
undergo a short labor period of 2 hours and usually give birth to a 
single calf, which is born head first. Twinning is rare.” Tapir calves 
are fairly small at birth, with average weights between 3 and 
11 kg.” Healthy calves should be able to stand within 2 hours of 
birth, and nursing should commence within 5 hours.” Tapir dams 
nurse their calves in lateral recumbency, at 10- to 15-minute intervals 
approximately 5 to 10 times per day.” If the calf fails to nurse or the 
female is inexperienced, it may be possible to scratch down the dam 
onto her side and place the calf on the nipple or manually milk the 
colostrum to bottle feed to the calf.’ Neonatal examinations should 
be performed 1 to 3 days after birth. Hand rearing has been success- 
ful in cases of maternal neglect or death. Transfaunation may be 
necessary to encourage growth of normal flora in hand-reared 
tapirs.°’ Aspiration pneumonia has been reported in bottle-fed 
neonates.” 
Tapir calves grow rapidly, with body weight doubling within the 
first 2 to 3 weeks. The growth rate of mother-reared calves was 
reported at 1.33 kg/day from ages 0 to 29 days.*° As early as 1 to 2 
weeks of age, calves begin to take solid food. Weaning occurs by 4 
o 6 months of age, but young tapirs will continue to nurse as long 
as milk is available.” Calves are usually independent of their mothers 
by 18 months of age, when fully grown.*’ Neonatal mortality may 
be high and is dependent on a suitable birthing environment.” 
eonates should be housed at 21°C to 29°C (70° F-85°F), and the 
loor should be bedded or padded for insulation and traction.”” Most 
common causes of neonatal death are stillbirth, drowning, hypother- 
mia, failure of passive transfer, septicemia, maternal neglect, and 
intraspecific or interspecific trauma.” “” Other mortalities reported 
were caused by necrotizing bacterial enteritis, cecocolic tympany, 
atresia ani, and primiparous females failure to nurse. Iron deficiency 
anemia has also been documented and may be a predisposing factor 
for neonatal septicemias. ” Neonatal isoerythrolysis was suspected in 
two Baird’ calves from the same dam and sire.” 
Contraception methods include physical separation, castration, 
and pharmaceutical agents. The most common contraceptives used 
in tapirs are medroxyprogesterone acetate injections (Depo-Provera, 
Upjohn) administered at 5 mg/kg every 3 months and porcine zona 
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pellucida (PZP) vaccination used short term for 2 to 3 consecutive 
years. After PZP use for 3 years, discontinuation will allow the 
female to regain fertility within 1 to 4 years, otherwise the continu- 
ation of PZP use every other year will render the female infertile in 
5 to 7 years (Kimberly Frank, personal communication). Melenges- 
terol acetate (MGA), deslorelin implants and oral altrenogest (Regu- 
Mate 0.044 mg/kg/day) are also effective. Complications observed 
include abscessation at PZP injection sites and rejection of MGA 
implants. Recommendations from the AZA Wildlife Contraception 
Center may be found at the website (http://www.stlzoo.org/animals/ 
scienceresearch/contraceptioncenter/contraceptionrecommendatio/ 
contraceptionmethods/perissodactyls/). 

Little information is available regarding the prevalence and causes 
of reproductive failures. The maximum age for reproductive success 
is approximately 15 to 20 years for both males and females;*’ 
however, the oldest tapir to give birth was a lowland tapir at 28 years 
of age.” Reproductive senescence in older nulliparous females as 
well as asymmetric reproductive aging is thought to occur at least in 
Malayan tapirs (Thomas Hildebrandt, personal communication). 
Spermatozoa collection (via electroejaculation) and cryopreservation 
in the Baird’s tapir has been demonstrated,” but not successful arti- 
ficial insemination of tapirs. 
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GENERAL BIOLOGY 


Equidae, Tapiridae, and Rhinocerotidae are families within the mam- 
malian order Perissodactyla and are distinguished from the family 
Artiodactyla by their foot morphology and digestive system. Equidae 
is a small family that includes the horses, wild asses, and zebras. The 
taxonomy of nondomestic Equidae is somewhat dynamic and subject 
to change. The International Union for the Conservation of Nature 
(IUCN) Equid Specialist Group lists seven species and numerous 
subspecies of the single genus Equus ° (Table 57-1). Most species are 
at risk of extinction today. The genus Equus first appeared during the 
Pliocene Age and was once widespread in grassland and desert habi- 
tats through North America, Asia, Africa, and Europe. The current 
distribution is over open habitats of eastern and southern Africa and 
regions of Asia. This pattern of significantly reduced distribution 
from former times is a pattern seen among all perissodactyls. Modern 
equids tend to live in harsh, dry lands, and many occupy grasslands 
shared by nomadic peoples. Wild equids generally are polygynous 
and highly social.” 


UNIQUE ANATOMY 


The structure and anatomy of the members of Equidae are quite 
similar to those of the domestic horse. Nondomestic equids are most 
easily distinguished by their external appearance. Table 57-1 gives 
brief descriptions of the distinguishing characteristics of each species. 
The Przewalski horse is most noted for its horselike appearance. The 


Asian and African wild asses are distinguished by the solid and subtle 
color patterns on their bodies and legs. The various zebra species 
have distinct striping patterns and characteristics that differentiate 
them by species and even as individuals. 

The internal anatomy of equids is analogous to that of the domes- 
tic horse and other Perisodactyla species. Equids are bulk-feeding 
herbivores with large body mass. The dental formula is: incisors (1) 
3/3, canines (C) 1/1, premolars (P) 3-4/3, molars (M) 3/3) for a total 
of 40 to 42 teeth. The canine teeth are vestigial or absent in females. 
Their cheek teeth have high crowns and relatively short roots (hyp- 
sodont). Their gastrointestinal (GI) anatomy has a structure and 
function designed for hindgut fiber fermentation, with a relatively 
small stomach and large cecum and colon. The foot posture is ungu- 
ligrade, bearing weight on one functional digit. Minor differences 
exist in external foot anatomy in nondomestic equids compared with 
domestic horses. In general, nondomestic horses have smaller feet 
compared with domestic horses. Specifically, the Przewalski horses 
hoof is the most similar to the domestic horse but a little smaller. 
The foot has a strong and robust appearance, with the ratio of frog 
to sole being identical to that of domestic horses. The Grevy zebras 
foot is similar to that of a mule or donkey and is narrower and more 
upright than that of domestic horses. The frog-to-sole ratio is less 
than that in the domestic horse. The mountain zebras have a smaller 
foot than the Grevy zebra but otherwise similar. The African wild 
asses’ feet are similar to those of zebras but are less robust in appear- 
ance. The Asian wild asses’ feet are similar to those of the African 
asses except that they have a more robust structure. 
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TABLE 57-1 


VVeight (adults, Karyotype 
Scientific Name Common Names kilograms) Geographic Distribution 2n = Distinguishing Characteristics 
HORSES 
Equus przewalskii Przewalski horse 200-350 Mongolia (reintroduced) 66 Brown in color with dorsal 
Mongolian wild horse stripe and erect mane 
Robust shape with thick, short 
neck 
WILD ASSES 
Equus africanus Somali and Nubian 250-300 Ethiopia, Somalia 62-64 Buff-gray with black leg 
(2 ssp.) wild asses stripes 
Equus hemionus Asiatic wild ass, kulan, 200-250 Mongolia 55-56 Sandy yellovv vvith vvhite 
(5 ssp.) onager underside and dorsal stripe 
Equus kiang Eastern, VVestern, and 250-4003 Central Asia, northern India 51-62 Chestnut color with white 
(3 ssp.) Southern kiang underside 
ZEBRAS 
Equus zebra Cape mountain zebra 200-260 Southern Africa 32 Devvlap, “gridiron” pattern on 
Equus hartmannae”” Hartmann zebra croup 
Equus grevyi ° Grevy zebra 350-450 Kenya, Ethiopia 46 Tightly packed, narrow stripes 
Equus burchelli'° Plains or Burchell zebra 175-275 Southeastern Africa 44 Broad body stripes 


(5 ssp.) 


SPECIAL HOUSING REQUIREMENTS 


Most equids are managed in a similar way in zoos. Equids are gener- 
ally hardy and withstand normal to severe temperature variations as 
long as shelter and protection from wind and sun are available. 
Equids acclimated to the southern California climate do well in 
temperatures ranging from 0°C to over 38°C. Grevy zebras are 
reported to be less cold tolerant in zoos compared with other 
zebras. ” Shelter should be provided to keep food dry and to provide 
shade. Although wild equids may go without water for long periods 
in the wild, they drink water when it is accessible, so they should 
have a constant supply of fresh water when managed in zoos. Peri- 
odic hoof trimming is needed in some individuals and under certain 
management conditions. Some species of equids (e.g., mountain 
zebras and Przewalski horses) seem to require more frequent hoof 
trimming compared with others. Przewalski horses, for example, 
may require trimming every 6 to 9 months.” 

Some interactions and introductions among equids may be quite 
violent and aggressive, resulting in injuries from kicking or from bite 
wounds on the neck or tail area. Several cases of infanticide have 
been documented in wild equids. ” Care should be exercised when 
introducing a male to a new herd or a pregnant female to a new 
stallion. Stallions may be aggressive toward new foals, so mares that 
are close to foaling should be separated from stallions. Stallions may 
also be aggressive toward keepers, and extreme caution should be 
used when working around them.” 


FEEDING 


All equids are bulk-feeding grazers, feeding primarily on grass and 
roughage. In the wild, grass constitutes over 90% of the common 
zebras diet. They may resort to some browsing and digging of plant 
materials in the dry periods. Grevy zebras reportedly eat some 
browse in the wild.'’ As with other perissodactylids, equids are hind 
gut fermenters and have a large cecum and colon. In general, non- 
domestic equids have no specialized feeding requirements and may 
be fed like domestic equines. Specifically, feeding a diet combining 
high-fiber pellets and grass hay to nonruminant grazers in zoos is 
recommended. The pellet serves as a source of nutrients and may be 
designed to compensate for specific regional dietary deficiencies or 


for deficiencies in the hay. In regions where enteroliths are a problem, 
reducing or eliminating alfalfa in the pellet or hay source is advisable. 
Pellet and hay may be fed at a ratio of approximately 50% pellet to 
50% hay. Intake should be about 1.5% to 3.0% body weight.” In 
group-housed animals, adequate feeders are necessary to avoid com- 
petition from dominant animals. Salt and trace mineral blocks may 
be used if the pelleted diet cannot be specially formulated. Feeding 
of produce is not recommended, since readily fermentable sub- 
stances may lead to digestive upset. Often, these items are desired 
for behavioral husbandry or enrichment. It is recommended that 
produce be offered at no more than 2% to 5% of the diet on a dry- 
matter (DM) basis.” The document “Nutrient Requirement for 
Horses,” from the National Research Council (NRC) may be con- 
sulted for specific nutrient and energy requirements for mainte- 
nance, growth, gestation, and lactation. '* 

Obesity may be a problem in nondomestic equids maintained in 
zoo environments. Encouraging exercise and restricting the amount 
of pelleted feed may help. A body scoring system may be used to 
track body condition and used as an objective assessment of 
obesity. ”"” 


RESTRAINT AND HANDLING 


Physical restraint is not often practical in adult equids because of 
their size and strength. Newer hydraulic hugger restraint chutes do 
make it possible to restrain nondomestic equids, usually with the aid 
of chemical restraint (Table 57-2). Blood sampling and other minor 
procedures are then possible.” Animal care staff must work cau- 
tiously around any nondomestic equid because they may startle and 
bolt unexpectedly into solid obstacles, which may result in fatal neck 
or head injuries. 


Chemical Restraint 


Several authors provide regimens for successful chemical restraint of 
equids under both captive and free-ranging conditions (see Table 
57-2). Acepromazine granules and oral haloperidol are effective for 
oral sedation to aid in acclimation to new housing or for transport. 
Injectable short-acting sedatives such as xylazine, acepromazine, and 
butorphanol may be used. Long-acting neuroleptic sedatives may be 
used as injectable drugs, sometimes in combination and staged to 
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TABLE 57-2 
Species Drug Dose Reversal Agent Comments Reference 
SEDATION 
Grevy zebra Detomidine 0.10 milligram per Atipamezole 2 mg per Median doses for 70 Hoyer?! 
Burchell zebra Butorphanol kilogram (mg/kg), 1 mg detomidine, standing procedures. 
intramuscularly (IM) intravenously (IV) Some required 
0.13 mg/kg, IM, 10 Naltrexone 0.1 mg/kg, IV supplements with 
minutes later etorphine or 
acepromazine 
Acepromazine 0.5 to 1.5 mg/kg, orally Granules mixed into Walzer? 
granules (PO) moistened feed 
Used to aid transport 
Przewalski horse Perphenazine 0.5 mg/kg, IM Given to facilitate Atkinson’ 
Haloperidol 0.3 mg/kg, PO establishment of a 
bachelor herd 
Grevy zebra Haloperidol 0.2-0.35 mg/kg, IM 8-18 hours duration Walzer*° 
Przewalski horse injection 
Burchell zebra Zuclopenthixol 50-100 mg/adult, IM 3-4 days duration Walzer“? 
Burchell zebra Perphenazine 100-200 mg/adult, IM 10 days duration Walzer 
IMMOBILIZING AGENTS/COMBINATIONS 
Mongolian wild Carfentanil 0.020 mg/kg Naltrexone at 50:1, IV No renarcotization in 18 Allen” 
horse study animals 
Mongolian vvild Medetomidine 0.09 mg/kg Atipamezole 0.19 mg/kg, IV Mean dosages for 11 Matthews”? 31 
horse Ketamine 2.1 mg/kg mature horses 
Hartmann mountain Carfentanil 0.011mg/kg Naltrexone or nalmefene at No renarcotization in 12 Allen? 
zebra 50:1, IV study animals 
Grevy zebra Etorphine 5 mg initial Diprenorphine 14 mg, IV Prolonged anesthesia for Bristol"”33 
Acepromazine 14 mg in 4 hours cesarean section 
15 mg total 
Grevy zebra Etorphine 4.6 mg Mean values for series of Adin" 
Detomidine 15.2 mg 20 animals during 
Acepromazine 10 mg cardiac evaluation 
İnitial doses only, 
supplements also given 
Grevy zebra Etorphine 0.01-0.017 mg/kg Naltrexone 100:1, IV Used for free-ranging Walzer*® 
Detomidine 0.03-0.04 mg/kg animals 
Acepromazine 0.02-0.04 mg/kg 
Persian onager Carfentanil 0.055 mg/kg Naltrexone 50:1, IV Allen® 
Eastern kiang Carfentanil 0.044 mg/kg Naltrexone 50:1, IV Allen® 
Somali wild ass Carfentanil 0.046 mg/kg Naltrexone 50:1, IV Allen® 


achieve the desired length of sedation. Haloperidol is a short-acting 
agent and has a relatively rapid onset of 5 to 10 minutes and a dura- 
tion of 8 to 18 hours. Zuclopenthixol is a medium-acting drug and 
has an onset of action in 1 hour and a duration of action of about 3 
o 4 days. Finally, perphenazine is a long-acting drug that has an 
onset of action in 12 to 16 hours and duration of 10 days.*’ These 
drugs may occasionally cause extrapyramidal signs such as hyperex- 
citability and incoordination. A detailed review of long-acting neu- 
roleptic tranquilizers in equids is provided elsewhere.*’ 

For full immobilization, opioid narcotics are the primary agents 
available. Etorphine is the most commonly used agent because of its 
familiarity, availability, and reliability in most species of equids. It is 
most often used in combination with 0ə-agonists, ketamine, pheno- 
thiazine tranquilizers, or a combination of these agents. Carfentanil 
has also been used with the Przewalski horse and Hartmann moun- 
tain zebras (see Table 57-2). In the authors’ experience, carfentanil 
has been less consistent and more unpredictable in onagers, kiangs, 
and Somali wild asses. Carfentanil is largely ineffective and thus not 
a good choice for anesthetizing Grevy zebras. Another narcotic 


opioid, thiafentanil (A3080), shows promise for anesthetizing non- 
domestic equids. 

Opioids generally cause significant muscle rigidity. When opioids 
are used alone, the animals often will not become recumbent on their 
own and may require “casting” to achieve recumbency. This may be 
avoided by using 0)-agonists prior to or along with administration 
of the opioid. Supplemental drugs such as guaifenesin (5% solution 
given intravenously [IV] to effect) or propofol (1% solution 3 to 
5 mg/kg, IV, to effect) may be used to provide sufficient relaxation 
during field procedures. Relaxation is important to allow adequate 
ventilation depth, tidal volume, and intubation, if desired. Renarco- 
tization following etorphine anesthesia and diprenorphine reversal 
has been shown to range from approximately 5% to 1096.” A review 
of alternative non-narcotic anesthetic agents for chemical immobili- 
zation of equids covered several drug categories, including o,- 
agonists, benzodiazepines, butyrophenones, and others, which 
might be useful if potent opioid narcotics are not available.” 

Besides the chemical agents themselves, several other factors 
need to be considered when immobilizing nondomestic equids. A 
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well-thought-out plan is critical for success. Some factors to consider 
include (1) obtaining an accurate body weight, (2) work with expe- 
rienced or trained support staff, (3) precise dart placement, (4) 
advantages and disadvantages of preanesthetic medications, (5) the 
prevalence of renarcotization in the species, and (6) a safe, appropri- 
ate area for recovery. Although regurgitation is not a risk, food and 
water must be withheld for 18 to 24 hours prior to a planned pro- 
cedure to reduce GI volume. During hot weather, it is probably best 
o provide water during the fasting period. Anesthetic drugs may be 
administered with a variety of remote delivery devices. If the horse 
is nervous and excited prior to darting, achieving the desired effect 
of the anesthetic drugs may be made more difficult. Dart location is 
ideally in a large muscle mass such as the gluteals, shoulder, or neck 
region, but areas of fat should be avoided. Horses generally do well 
in lateral recumbency when under anesthesia and do not need to 
have the head elevated. Blindfolds and ear plugs are useful to 
decrease stimulation. It is recommended that supplemental oxygen 
be provided via a mask or a nasal cannula, at a flow rate of 6 to 10 
iters per minute (L/min). At a minimum, anesthesia monitoring 
should include heart rate and rhythm, rate and depth of ventilations 
and oxygen saturation by pulse oximetry. Using a veterinary clip 
sensor, pulse oximetry is usually successful on the tongue, ear pinna 
(clipped and scraped of superficial pigment), vulva, prepuce, or 
eyelid (reflectance sensor). 
Once equids are immobilized with chemical restraint, many 
minor procedures such as physical examination, diagnostic sam- 
pling, hoof care, and assisted birthing may be performed. For pro- 
onged procedures such as dental work, radiography, extensive 
diagnostics, and abdominal surgery, general anesthesia and addi- 
ional monitoring are recommended. Isoflurane works well for 
maintenance of inhalation anesthesia in equids. Mechanical ventila- 
ion is recommended. Intermittent intravenous propofol may be 
used to extend the anesthesia. Performing endotracheal intubation 
is straightforward in nondomestic equids. Blind intubation, as in the 
domestic horse, is the usual method. Direct visualization of the 
arynx is not difficult with proper positioning and the use of a 
ong laryngoscope blade. With either technique, it is important to 
have the animal adequately relaxed and its neck fully extended 
in the dorsal direction. Indirect blood pressure may be measured 
with an appropriate-sized cuff placed around the metacarpal or 
metatarsal area. Arterial samples for blood gas determination may be 
obtained from the facial artery or the intermediate branch of the 
caudal auricular artery. End-tidal carbon dioxide (CO)), a direct 
arterial line in the facial artery for direct blood pressure, and elec- 
trocardiography (ECG) are also useful in monitoring horses under 
prolonged anesthesia. ECG parameters in Grevy zebras have been 
described elsewhere.” 


SURGERY 


As in the domestic horse, acute abdominal discomfort is not uncom- 
mon in nondomestic equids. Some cases require surgery. Enterolith- 
associated colic requiring rapid surgical intervention has been 
reported.”” See Table 57-7. 


OTHER PHARMACEUTICALS 


Other pharmaceuticals used in domestic horses may also be indi- 
cated in nondomestic equids. When a nondomestic equid is hospi- 
talized, is a new arrival into quarantine, or is under other short-term 
stress, it is good practice to provide oral omeprazole using the 
equine dose. 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


Most diagnostic techniques used for horses may be adapted for use 
in nondomestic equids. Blood is most commonly collected from the 
jugular vein. Alternative sites include the cephalic vein, the medial 
saphenous vein, and the transverse facial venous sinus. Catheter 


placement is most suitable in the jugular vein. Urine may be col- 
lected with direct catheterization by using techniques and catheters 
designed for domestic horses. Urine often is cloudy and chalky in 
appearance because of normal urinary calcium excretion seen in 
most Perissodactyla species. 

Thoracic and abdominal radiography may be a challenge in adult 
equids simply because of their size. Multiple exposures may need to 
be taken systematically to cover the entire field to identify, for 
example, enteroliths.”” Feet and dental structures are other sites most 
frequently radiographed in equids. Upper GI tract endoscopy 
requires the use of long, flexible endoscopes up to 3 m in length. 
Rectal palpation is generally more difficult than in the domestic 
horse because of the necessity for recumbency and the smaller size 
of the nondomestic equids. Diagnosis of intestinal disease using 
paracentesis is limited by the need for the animal to be in the stand- 
ing position. 


HEMATOLOGY 


Hematologic parameters are similar in most nondomestic equids.”” 
Reference ranges for selected hematologic parameters are summa- 
rized in Table 57-3. Reference ranges for selected biochemical 
parameters are summarized in Table 57-4. 


DISEASES 
Infectious Disease 


Selected infectious diseases in nondomestic equids are summarized 
in Table 57-5. Nondomestic equids are generally hardy, and relatively 
few infectious diseases have been reported in the literature. In 
general, disease susceptibility is likely similar to that in domestic 
horses. Infectious disease risk should be considered during translo- 
cation and reintroduction programs. The readers are referred to other 
texts for a review of disease concerns with regard to these programs 
and a comprehensive list of infectious diseases reported in zoo and 
free-ranging nondomestic equids.” 

Equine herpesviruses (EHV) have received attention recently, and 
the susceptible host range for these viruses may be wider than previ- 
ously thought. Zebras have been shown to be asymptomatic reservoir 
hosts for some EHVs affecting zoo animals, including polar bears, 
Thomson gazelles, and a reticulated giraffe.'"”” Preventative mea- 
sures should be put in place to minimize the risk of cross-infection, 
including fomite transmission from known reservoir hosts such as 
zebras and susceptible hosts such as polar bears. 

Anthrax has become a threat to populations of free-ranging Grevy 
zebras in Africa. One study documented a local population decline 
among this endangered zebra. Both mature and immature animals 
were affected. Drought and other adverse environmental conditions 
were predisposing factors. It is thought that dry conditions could 
promote trauma in the oral cavity, which increases the risk of acquir- 
ing anthrax spores.**”! Widespread vaccination, supported by local 
governments and conservation organizations, has been used in an 
effort to control outbreaks. 

The systemic fungal disease coccidioidomycosis has been reported 
in Przewalski horses in California, where Coccidioides immitus is 
endemic. Infections caused by this organism are usually asymptom- 
atic and resolve spontaneously. Immunosuppression increases the 
risk of disseminated infections in humans and domestic animals. 
Coccidioidomycosis was the leading cause of death in a population 
of Przewalski horses, likely from poor immune response to C. 
immitus."” Use of management strategies that reduce stress in the 
herd may be helpful in preventing this disease. 


Parasitic Diseases 


Selected parasitic diseases of nondomestic equids are summarized in 
Table 57-6. The protozoal disease piroplasmosis has been identified 
as a possible cause of mortality in reintroduced Przewalski horses in 
Mongolia. Babesia caballi and Theileria equi are probably endemic 
throughout Asia. During reintroductions of Przewalski horses from 
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TABLE 57-3 —— s 


Onager Common Zebra Mountain Zebra Grevy Zebra 
Przewalski Horse African Wild Ass Mean + Mean + Mean + Mean + 
Mean + Standard Mean + Standard Standard Standard Standard Standard 
Parameter Deviation Deviation Deviation Deviation Deviation Deviation 
Erythrocytes 8.7+1.6 6.7+1.4 8.1+0.7 10.5 2:3 10.8 + 1.6 10.242 
(x105/microliter [uL]) 
Hemoglobin, gram per 14.4 + 2.3 12.9 + 2.4 18.0 + 1.9 14.6 + 2.2 167417 153 + 19 
microliter (g/L) 
Hematocrit (%) 42+6 37 6 50+5 42+6 0.44 + 0.05 0.44 + 0.05 
Mean corpuscular volume, 48.4 + 6 56.5 + 6 62+4 41.3+ 7 42.6+5 44.346 
femtoliters (fL) 
Mean corpuscular hemoglobin 17.542 19.642 22.2 + 1.4 14443 14.6 + 1.9 15442 
(g/uL) 
Mean corpuscular hemoglobin 34.4 + 3.9 34.7 + 2.9 36.2 k 2.2 34.6 + 3.8 351421 348 + 24 
concentration (g/uL) 
Leukocytes (x10°/uL) 729: 2.5 9.2+3.2 10.2 + 2.9 8.8 = 2.7 OF 25 8.7 =: 2.9 
Segregated neutrophils 4.3 + 1.6 4.2 + 1.6 73 =. 3 5.6 F 2.3 5.8+2.3 5 fe? 
(x103/uL) 
Lymphocytes (x105/uL) 341.6 45+23 2441.2 2941.7 32413 2.6 51.3 
Monocytes (x10°/uL) 0.3 + 0.25 0.4+0.3 0.5 + 0.3 0.3 + 0.2 0.3+40.2 0.24+0.2 
Eosinophils (x105/uL) 0.2+0.2 0.3+0.3 0.17 + 0.1 0.12 + 0.1 0.21 k 0.2 0.2 £ 0.18 
Basophils (x10°/uL) 0.06 + 0.1 0.12 + 0.07 0.01 + 0.03 0.05 + 0.09 0.1 + 0.04 0.11 + 0.07 
Neutrophilic bands (x10°/uL) 0.1 + 0.14 0.4 + 1.0 0.005 + 0.02 0.13 + 0.16 0.25 + 0.29 0.47+1.4 
Platelet count (x10°/uL) 0.14 + 0.06 0.24 + 0.08 0.18 + 0.07 0.22 + 0.08 0.18 + 0.14 0.22 + 0.08 
Nucleated red blood cells 0.0 0.0 341 2550 0.0 1:1 
U100 vvhite blood cells) 
Reticulocytes (96) 0.0 0.0 — 0.0 — 0.0 


From Walzer C. Equidae. In Fowler ME, Miller RE (eds): Zoo and Wild Animal Medicine, 5th ed. St. Louis, MO, 2003, Saunders, pp. 578-586. 


TABLE 57-4 wae 


Onager Common Zebra Mountain Zebra Grevy Zebra 
Przewalski Horse African Wild Ass Mean + Mean + Mean + Mean + 
Mean + Standard Mean + Standard Standard Standard Standard Standard 
Parameter Deviation Deviation Deviation Deviation Deviation Deviation 
Total protein, gram per 6.7+0.7 6.5+0.8 6.9+0.9 6.3+0.8 6.5+0.7 6.5 + 0.6 
deciliter (g/dL) 
Globulin (g/dL) 3.4+0.6 3.3 + 0.7 3.1 50.8 3.1 £ 0.7 3.1 0.5 2.9 £0.6 
Albumin (g/dL) 2.3 + 0.28 2.3 + 0.28 2.6 + 0.42 2.3 + 0.28 2.4 + 0.284 2.5+0.35 
Fibrinogen, gram per 300 + 140 250 + 130 250 + 130 250 + 150 290 + 160 75 + 130 
liter (g/L) 
Calcium, milligram per 11.2+0.8 11.6+0.8 11.6 + 0.8 10.8 + 0.8 10.0 + 0.8 10.4 + 0.8 
deciliter (mg/dL) 
Phosphorus (mg/dL) 4.0 + 0.9 4.3 + 1.6 4.3+1.2 5.3 + 1.6 4.0+1.5 5.3+1.2 
Sodium, milliequivalent 137 +3 13644 13844 137 +4 136+3 137 +4 
per liter (mEq/L) 
Potassium (mEq/L) 46+0.6 4.3 + 0.4 4.4 + 1.3 4.1 + 0.6 4.5 + 0.8 4.1 + 0.4 
Chloride (mEq/L) 97+4 102+4 99 +5 99+4 99+5 99+4 
Iron (mg/dL) 147.9 + 53 125 + 42 158 + 63 189 + 77 128 + 58 
Creatinine (mg/dL) 1.27 + 0.30 1.17 + 0.30 1.65 + 0.39 1.84 + 0.48 1.95 + 0.39 1.95 + 0.39 


Continued 
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TABLE 57-4 
Onager Common Zebra Mountain Zebra Grevy Zebra 
Przewalski Horse African Wild Ass Mean + Mean + Mean + Mean + 
Mean + Standard Mean + Standard Standard Standard Standard Standard 
Parameter Deviation Deviation Deviation Deviation Deviation Deviation 
Blood urea nitrogen 17.14 + 3.93 14.89 + 5.06 21.92 + 2.1 17.14 + 5.90 19.10 + 7.87 17.98 + 0.39 
(mg/dL) 
Total bilirubin (mg/dL) 1.24 + 0.58 0.18 + 0.12 0.41 + 0.18 0.58 + 0.41 0.53 + 0.29 0.89 + 0.71 
Glucose (mg/dL) 169.2 + 48.6 106.2 + 39.6 162 + 73.8 158.4 + 46.8 169.2 + 57.6 176 + 59.4 
Cholesterol (mg/dL) 81.2 + 15.47 92.81 + 27.07 100.54+ 15.47 139.21 + 54.14 104.41 + 15.47 108.28 + 27.07 
Triglyceride (mg/dL) 35.4 + 17.7 123.9 + 70.8 97.35 + 35.4 70.8 + 79.65 53.1 + 53.1 44.25 + 35.4 
Creatine kinase, unit per 454 +375 337 + 427 157 +18 309 + 303 432 + 531 263 + 285 
liter (Unit/L) 
LDH (Unit/L) 494 + 233 310 + 163 731 + 454 604 + 463 518 +215 498 + 355 
AP (Unit/L) 179 + 84 196 + 129 197 + 254 272 + 440 141 + 52 275 + 195 
ALT (Unit/L) 13 +10 15+ 20 15:12 15:12 PES 19:15 
AST (Unit/L) 347 + 125 328 + 124 411 +149 303 + 125 375: = 131 344 + 129 
GGT (Unit/L) 23419 34 + 20 42 + 35 48 + 35 34 + 19 43 + 24 
Amylase (Unit/L) 7+8.5 10.5 + 12.2 4.2 + 1.6 9.9 + 10.9 41 + 29 13.7 + 16.3 
Lipase (Unit/L) 5.6+2.5 3.9 525 — 44:36 3:3 33439 
Total T-3, nanogram per — 52.1 + 6.5 — — — 
deciliter (ng/dL) 
Total T-4 (ng/dL) ul 27.97 + 27.20 = 13.21 + 0.78 29.49 +0 = 


From Walzer C. Equidae. In Fowler ME, Miller RE (eds): Zoo and Wild Animal Medicine, 5th ed. St. Louis, MO, 2003, Saunders, pp. 578-586. 


TABLE 57-5 
Disease Etiology Epizootiology Signs Diagnosis Management 
VIRAL 
Equine herpesvirus” EVH-1 Presumably exposure Respiratory, epizootic Histopathology, Vaccination 
EHV-4 from infected equids abortions, isolation 
neurologic 
Equine herpesvirus” EHV-9 Grevy zebra No signs in zebras; Intranuclear Minimize direct 
asymptomatic progressive inclusion bodies, animal-to-animal and 
reservoir species encephalitis in a polymerase chain fomite transmission 
polar bear reaction (PCR) 
Equine herpesvirus” EHV-1 and EHV-9 Recombination of zebra No signs in zebras; Histopathology, Minimize direct 
EHV-1 and EHV-9 nonsuppurative PCR animal-to-animal and 
encephalitis in a fomite transmission 
polar bear 
Rabies” Rabies virus Tourist exposure of Neurologic signs in Rabies antigen Postexposure 
(lyssavirus) infected zebra foal zebra detected by prophylaxis in tourists 
direct fluorescent 
antibody 
Sarcoids”® ”” Bovine Presumed similar to Masses in inguinal Histopathology, Reduce exposure risk 
papillomavirus disease in domestic region and on PCR Treated with surgical 
(BPV) type 1 horses nose excision, 5-fluorouracil, 


allogenous vaccine, or 
a combination”? 


BACTERIAL 
Tetanus™* 


Clostridium tetani 


Reported associated 
with hoof abscesses 
in Somali wild ass 


Tonic spasms and 
hyperesthesia 


Clinical signs and 
evidence of 
recent trauma 


Active immunization 
with tetanus toxoid 
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TABLE 57-5 
Disease Etiology Epizootiology Signs Diagnosis Management 
Anthrax°' Spores of Outbreaks related to Sudden death in Blood smears, PCR Mass vaccination of 
Bacillus drought conditions in healthy animal zebra has helped to 
anthracis Grevy's zebra in Kenya control outbreaks 
Mycobacteriosis ° Mycobacterium Presumed to be Progressive loss of Histopathology, Not known 
avium alimentary route condition, liver culture 
hominissuis transmission; disease in a kiang 
ubiquitous organism 
FUNGAL 
Coccidioidomycosis“” Coccidioides Exposure in endemic VVeight loss, Bronchial vvash, Caution vvith bachelor 
immitus regions exacerbated respiratory signs, histopathology herds, reduce herd 


by immunosuppression 


disease 


disseminated 


stressors 


TABLE 57-6 


Parasitic Disease 


Etiology 


Transmission 


Clinical Signs 


Diagnosis 


Comments 


Piroplasmosis”” 


Theileria equi or 
Babesia caballi 


Ixodid tick vector 


Erythrolysis, fever, 
anemia, icterus, 
hemoglobinuria 


Giemsa-stained blood 
smears; complement 
fixation (CF), 
immunofluorescent 
antibody (IFA) 


Prevention and control 
through tick prevention 
and chemoprophylaxis 
with imidocarb 


Equine protozoal Sarcocystis neurona Feces from Ataxia and Histology, Possibly associated with 
myeloencephalitis”® definitive host weakness immunohistochemistry immunosuppression 
opossum from severe 
gastrointestinal (Gl) 
parasitism 
Internal parasites Parascaris equorum Direct Fecal parasitologic P. equorum particularly 


Strongylus spp. 
Strongyloides spp. 
Oxyuris spp. 


examination pathogenic in zebra 


foals ° 


outside this endemic area, increased susceptibility was demon- 
strated. This was thought to be caused by the lack of acquired 
immunity against the protozoa and the fact that these animals were 
transported to the endemic area at an age when juvenile innate 
resistance factors had already been lost.” 


Noninfectious Disease 


Selected noninfectious diseases of nondomestic equids are summa- 
rized in Table 57-7. One of the most significant noninfectious dis- 
eases in the authors’ experience is enterolithiasis.”” This disease most 
often manifests as acute onset of colic. Diagnosis is confirmed by 
radiographic examination performed with the animal under anesthe- 
sia, in lateral recumbency, with the use of the four-quadrant approach 
described for domestic horses. Rapid surgical intervention is often 
indicated for enterolith-associated colic. Reducing dietary alfalfa, 
because of its excessive magnesium content, may be useful to prevent 
enteroliths.'* Radiography may be used as the cornerstone of a pre- 
ventive screening program as vvell.”” 

Hoof problems commonly occur, especially in large collections of 
nondomestic equids. Routine hoof trimming may be necessary in 
some species and under some management conditions. The moun- 
tain zebras, for example, seem to require more frequent hoof trims 
compared with other species, especially when housed on soft or 
sandy soil. Hoof abscesses should be suspected when a horse 


becomes severely and suddenly lame. In most cases, rapid action to 
anesthetize the horse and drain the abscess is indicated. These 
abscesses usually heal without complications, if addressed quickly. 


REPRODUCTION 


Reproductive characteristics of nondomestic equids are summarized 
in Table 57-8. As all equids have a similar reproductive biology, the 
domestic horse is a good model. Equids are seasonally polyestrous, 
with estrous behavior recurring until conception or the end of the 
breeding season. In temperate regions, seasonality is determined 
primarily by photoperiod. In tropical species, seasonal birth peaks 
relate to other environmental factors such as the rainy season. Assays 
of steroid hormones in urine and feces may be used for determina- 
tion of endocrine cycles and pregancy.”” Immunocontraception 
using porcine zona pellucida has been used extensively and success- 
fully in feral and some nondomestic horses.”” For current contracep- 
tion recommendations, consult the Association of Zoos and 
Aquariums (AZA) Wildlife Contraception Center.” 


PREVENTIVE MEDICINE 


Any routine procedure that requires anesthesia and _ restraint 
may provide an opportunity to perform a preventive medicine 
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Disease or Syndrome 
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Etiology 


Prevalence 


Signs 


Management 


Colic’ 


Intestinal accidents 
Sand impactions 
Enterocolitis 


Occasional problem 


Abdominal pain, distress, 
recumbency, shock 


Important to be able to 
differentiate surgical 
from medical problems 


Enteroliths “0 


Diet of alfalfa hay 
Struvite stones 


Predominantly kiangs, 
Somali vvild ass 
Regional problem 


Acute, severe abdominal 
discomfort 


Rapid surgical intervention 

Radiography: four-quadrant 
abdomen 

Prevention: dietary changes 


Equine degenerative 


myeloencephalopathy ““” 


Vitamin E deficiency 


Reported in Przewalski's 
horses, zebras, kulans 


Hindlimb incoordination in 
foals 


Oral vitamin E 
supplementation 


Laminitis'* 


Consumption of 
carbohydrate-rich feed 


Occurs rarely; reported 
in Przewalski horse 


Lameness 


Avoid rich pasture and 
carbohydrate-rich feeds 


Hoof abscesses™ 


Wounds, cracks, bruises 


More common in Somali 
wild asses 


Sudden, severe lameness 


Avoid extreme wet or dry 
conditions 


relieved by drainage of 


abscess Treat with drainage 


Red maple leaf toxicity“ Gallic acid in dry or 


wilted leaves 


Reported in Grevy zebra 


Methemoglobinemia; 
hemolytic anemia 


No Acer sp. trees should 
be planted in or around 
housing areas 


TABLE 57-8 
Parameter Equus hemionus Equus africanus” Equus przewalskii Equus burchelli Equus grevyi” Equus zebra® 
Breeding age Mares = 24 months; 2.5-3 years Females = 24 Males = 4.5 years Females = 3-4 Female = 26 months 
Males = 26-30 months; Females = 1.5-2 years Male = 42-54 
months” Males = 5 years years Males = 4 years months 
Estrous cycle — — 24 days” 19-33 days 19-33 days — 
length 
Foaling interval 2 years?” — — 14 months 13-27 months 13-69 (median = 25) 
months 
Postpartum 17-18 days6 5-14 days — 8-10 days 9-14 days — 
estrus (foal 
heat) 
Duration of — — — — 3-10 minutes — 
copulation 
Gestation 12 months?” 12.5-13.5 months 11-12 months 12 months 12-14 months 12 months 


Lactation length — = = 


Up to 16 months 9 months 10-20 months 


Progesterone — — = 
(ng/mL) 
Nonpregnant 
pregnant 


<0.6 
0.5-2.444 


Placentation? “5 


Epitheliochorial 


examination. Health monitoring may be performed as part of a 
quarantine examination, preshipment examination, opportunisti- 
cally (e.g., during a hoof trim), or as needed, depending on the 
animals age, health status, or other factors. For animals housed in 
large herds, the herd history may be reviewed for medical problems 
and causes of mortality. 

Preshipment testing is recommended for any equid relocation. 
Relocation may include zoo or free-ranging transfers such as reintro- 
duction, translocation, and relocation from one institution or field 
site to another. The following guidelines are recommended to aid in 
decision making by veterinarians, together with animal managers 


and biologists, when planning the safe transfer of a nondomestic 
equid: (1) fecal sample for parasites; (2) fecal culture; (3) blood 
sample for complete blood cell (CBC) count, serum chemistries, and 
serum archive; (4) vaccination, if indicated regionally (e.g., tetanus 
toxoid, rabies, etc.); and (5) a physical examination—particularly 
oral and hoof inspections and hoof trims. Quarantine of individuals 
should be performed before exposure to other animals at the new 
location. The risk of disease transmission should be factored into 
any preshipment or translocation strategy. Specific recommendations 
for disease screening and biomedical precautions to implement prior 
to translocation are available. *°*! 
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CHAPTER 8 


Suidae and Tayassuidae 
(Wild Pigs, Peccaries) 


Meg Sutherland-Smith 


BIOLOGY 


The families Suidae (swine) and Tayassuidae (peccaries) are nonru- 
minating ungulates belonging to the Suina clade or suborder within 
the order Artiodactyla.” Fossil records show suids appearing around 
35 million years ago (upper Eocene era) in the part of the world now 
known as Thailand.” Of the family Suidae, Suinae is the only extant 
subfamily. The characteristics of suid molars have resulted in divid- 
ing the subfamily into different tribes.” The Hippohyini originated 
in Asia and have hypsodont dentition. Swine species from Africa 
with hypsodont dentition are in the Phacocherini tribe. The Suini 
ribe comprises members of the genus Sus. The Potamochoerini tribe 
includes the genera Hylochoerus and Potamochoerus. Molecular 
studies of Babyrousa spp. have yielded conflicting results, with some 
placing them in a separate tribe, Babirusina. Depending on the 
source, 14 to 19 species of suids exist (Table 58-1).!°??? Recent 
references have given species designation to the subspecies of Baby- 
rousa babirussa.)”” The natural range of the Suidae family spans 
across Europe, Africa, Asia, and East Indies. Evidence to support any 
wild suids having originated in the Americas is lacking. They were 
introduced by humans into the Americas and into Australia, New 
Zealand, and New Guinea. Ancestors of extant peccaries are thought 
to have dispersed into the New World from eastern Asia. Currently, 
three species of peccary range from Southwestern United States to 
South America (Table 58-2).1%25254° 

Wild suids and peccaries have poor vision but good hearing and 
a keen sense of smell. They are known for their rooting behavior. 
Despite their short limbs they are good runners and jumpers, and 
some are adept swimmers. Bornean bearded pigs have been recorded 
as swimming 45 kilometers (km), and babirusas have been observed 
swimming underwater.” In general, wild suids and peccaries live in 
social groupings, although breeding males become solitary after the 
breeding season. Wild suid females and their offspring live in herds 
known as sounders. Suids are quite vocal, and peccaries make a 
characteristic clacking sound with their teeth. Wild suid and peccary 
populations are primarily threatened by habitat destruction through 
human encroachment and hunting.'*’’*? Isolated island populations 
are particularly susceptible. The International Union for the Conser- 
vation of Nature (IUCN) status of selected species is provided in 
Table 58-3.18 


UNIQUE ANATOMY 


Suids are a diverse group ranging in size from 6 to 200 kilograms 
(kg). They are characterized as having a stout, barrel-shaped body, 
with a large head and short limbs relative to body size. The peccary 
has a piglike shape; however, the limbs are long and slender with 
small hooves. In addition, peccaries only have one dewclaw on the 
hindlimbs, and hindlimb dewclaws are generally lacking in Chacoan 
pecarries.” Suid males are generally larger than females; however, 
little size dimorphism exists between sexes in peccaries. ”””” The 
pelage of wild suids varies from being sparse in the babirusa to being 
entirely covered with coarse bristly hair in the wild boar. Peccaries 
have a dense covering of long, coarse bristles, which makes it diffi- 
cult to estimate body condition, especially during piloerection. 
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In the genus Sus, except for Sus scrofa, all adult males have three 
pairs of fleshy protuberances on the face (“warts”). Warthogs also 
possess these characteristic facial structures. Wild suids may possess 
a variety of scent glands, including preputial, anal, metacarpal, man- 
dibular, salivary, Harderian, eyelid, genal, and preorbital glands.” 
Pecarries possess a unique dorsal rump scent gland located on the 
midline, approximately 15 centimeters (cm) cranial to base of the 
ail.” The author has also observed a prominent papillae adjacent 
o the first and second maxillary molars, which are presumed to be 
of salivary origin in Chacoan peccaries (Figure 58-1). 

The suid skull is unique in that it possesses an elongated flange 
of bone originating from the zygomatic root referred to as the prezy- 
gomatic shelf.” This shelf of bone separates the muscles of mastica- 
tion from the muscles involved in snout movement. This adaptation 
is thought to facilitate rooting behavior. The disklike shape of the 
snout, the terminally placed nostrils, which are capable of closing, 
and the presence of a prenasal bone within the cartilaginous disk of 
the snout are also adaptions for rooting behavior.” The prenasal 
bone can be seen radiographically. Babirusas tend to root in soft, 
moist soils, hence their rostral bone is not as well developed as in 
other suids or is absent.”””” The rostrum of the Chacoan peccary is 
reported to have a more complex internal anatomy compared with 
other peccaries, and this is theorized to be an adaptation to living in 
dusty, xeric conditions.” 

Another distinguishing feature of wild suids is their large canines. 
The orientation of canines in several species allows these teeth to 
grow upward and outward and thus capable of inflicting serious 
damage. In most species, the tusks of the males are larger than those 
of the females except in the warthog, in which both sexes have large 
tusks. The babirusa is known for its peculiar tusk arrangement. The 
alveoli of the upper canines rotate during development such that 
hese teeth grow upward through the rostrum and spiral caudally.” 
The lower canines also grow in a spiral shape. Canines are markedly 
reduced or absent in female babirusas. In peccaries, canines point 
straight down, which allows interlocking. This arrangement facili- 
ates stabilization of the jaw when the animal is cracking hard seeds 
between the other teeth. 

The dentition of suids has been used in their taxonomic classfica- 
ion.” The desert warthog differs from other suids but is similar to 
other ungulates in that it does not have upper incisors. Smaller 
species of pigs have molars with high pointed cusps; these species 
tend to forage on forest vegetation and fruit, whereas larger species 
have dentition better suited for tougher forages, with thick enamel 
and conical premolars.” Similarly, because their natural diet is com- 
posed primarily of cactus, Chacoan peccaries have higher-crowned 
molars versus the lower-crowned molars of the other peccary 
species. ””” 

Except for the babirusa, suids have a simple stomach. The 
stomach of the babirusa is bigger and has a large diverticulum.****” 
The pH in a large area of mucus-producing cardiac glands (5.3-6.4) 
is able to support microbial fermentation. ”””” Hence the babirusa is 
characterized as a nonruminant foregut fermenting frugivore and 
concentrate selector.”””" The ultrastructure of the babirusa stomach 
has been extensively studied.”” Foregut fermentation is also reported 
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Body Weight Dental Formula 
(adults, in (incisors, canines, 

Common Name Scientific Name kilograms) Geographic Distribution premolars, molars) Longevity (years) 
Buru babirusa Babyrousa babyrussa Up to 90 Indonesia, Buru, and Sulu 2/3, 1/1, 2/2, 3/3 Up to 24 

Islands 
Bola Batu babirusa Babyrousa bolabatuensis Up to 90 Indonesia, Lembeh 2/3, 1/1, 2/2, 3/3 Up to 24 
Malenge babirusa Babyrousa togeanesis Up to 90 Malenge Island 2/3, 1/1, 2/2, 3/3 Up to 24 
North Sulawesi Babyrousa celebensis Up to 90 Northern Sulawesi 2/3, 1/1, 2/2, 3/3 Up to 24 

babirusa 
Giant forest hog Hylochoerus 130-275 Congo basin, parts of west 3/3, 1/1, 4/4, 3/3 — 
meinertzhageni and east Africa 
Common warthog Phacochoerus africanus 50-100 Sub-Saharan Africa 1/3, 1/1, 3/2, 3/3 12-15 
Desert warthog Phacochoerus — Eastern Ethiopia, northern — — 
aethiopicus Kenya, Somalia 

Pygmy hog Porcula salvanius 6-10 Bhutan, southern Nepal, 3/3, 1/1, 4/4, 3/3 10-12 

northern India 
Red River hog Potamochoerus porcus 50-120 Western Africa, Congo basin 3/3, 1/1, 4/4, 3/3 10-15 
Bushpig Potamochoerus larvatus 50-120 Eastern and southern Africa 3/3, 1/1, 4/4, 3/3 10-15 
Wild boar Sus scrofa 50-200 Europe, N. Africa, Asia; 3/3, 1/1, 4/4, 3/3 15-20 

introduced into N. 

America, Australia, New 

Zealand, New Guinea 
Palawan pig Sus ahoenobarbus — Philippines — — 
Bearded pig Sus barbatus 100-200 Malaysia, Sumatra, Borneo 3/3, 1/1, 4/4, 3/3 — 
Heude pig Sus bucculentus — Vietnam, Laos — — 
Visayan vvarty pig Sus cebifrons — Philippines — — 
Celebes or warty pig Sus celebensis — Indonesia — — 
Oliver vvarty pig Sus oliveri = Philippines — — 
Philippine warty pig Sus philippensis — Philippines m — 
Javan warty pig Sus verrucosus Up to 185 Java, Bawean 3/3, 1/1, 4/4, 3/3 — 


panı i —— — .———““-“———“— — ——  — —  — — — “—.k4dARA-AA-K-Kx—  —  — —— — —  —  — h. 
Data modified from Morris and Shima.”° 


TABLE 58-2 


Weight Dental Formula 
(adults, in Geographic (incisors, canines, 

Common Name(s) Scientific Name kilograms) Distribution premolars, molars) Chromosomes (2n) Longevity (years) 
Collared peccary/ Pecari tajacu 15-35 Southwest United 2/3, 1/1, 3/3, 3/3 30 16-24 

Javelina States to Argentina 
White-lipped Tayassu pecari 27-40 Mexico to Argentina 2/3, 1/1, 3/3, 3/3 26 15-21 

peccary 
Chacoan peccary/ Catagonus vvagneri 30-43 Argentina, Bolivia, 2/3, 1/1, 3/3, 3/3 20 At least 9 

Tagua Paraguay 


"———-—— ——— ,.—,—,——,—————— saw  hssssaxssr ws 
Data modified from Morris and Shima.”° 
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TABLE 58-3 


IUCN Conservation Status of Selected Species 


IUCN Red List Classification 


Genus and Species 


Critically Endangered 


Porcula salvanius, Sus cebifrons 


Endangered 
verrucosus 


Babyrousa togeanensis, Catagonus wagneri, Sus oliveri, Sus 


Near Threatened 
Vulnerable 


Sus celebensis, Tayassu pecari 
Sus ahoenobarbus, Sus barbatus, Sus phillipensis 


Of Least Concern 


Hylochoerus meinertzhageni, Phacochoerus aethiopicus, 


Phacochoerus africanus, Potamochoerus larvatus, 


Potamochoerus porcus, Sus scofa, Pecari tajacu 


IUCN, International Union for the Conservation of Nature. 


FIGURE 58-1 Presumed salivary papilla (arrow) in a Chacoan peccary 
(Catagonus wagner). 


in peccaries, which have a four-chambered stomach: two nonglandu- 
lar blind sacs, a nonglandular gastric pouch, and a glandular hind 
stomach.'*”’*? Unlike pigs, peccaries do not have a gallbladder.'* 


SPECIAL HOUSING REQUIREMENTS 


The natural behaviors of wild suids and peccaries should be taken 
into account for appropriate exhibit specifications. The opportunity 
to root and dig should be provided without disrupting the structural 
integrity of the enclosure. These behaviors may also result in damage 
o indoor facilities such as padded barn floors. Animals should be 
given access to mud wallows, where appropriate, and kept free from 
ecal and urine contamination. Nesting is a common behavior, and 
animals should be provided bedding materials for nesting. Other 
considerations for housing suids and peccaries include escape poten- 
ial, substrate, and intraspecific aggression. Pigs are quite capable of 
either jumping (both vertically and horizontally) or digging their way 
out of an enclosure if given the opportunity. Substrate should not be 
abrasive as running, pacing, or both may cause excessive hoof wear, 
and enclosures should be evaluated for other potential sources of 
foot trauma. When running along chainlink fence lines animals may 
traumatize the lateral dewclaws. Usually, a dominance hierarchy in 
social groupings exists, hence visual barriers to help divert aggression 
are recommended. Animals should have access to shade and, 
depending on the climate, protection from harsh weather. 

A recent study from Brazil evaluated enclosures of three different 
sizes for housing collared peccaries.” Behavioral observations were 


performed, and the authors concluded that a minimum of approxi- 
mately 200 square meters (m?) per animal of space resulted in the 
east agonistic behaviors. They also found that shelter use increased 
with allocation of more space, which supported earlier findings 
regarding the importance of shelters in peccary husbandry.'° 

Pigs are considered fourth in intelligence of animals behind pri- 
mates (human and nonhuman), dolphins, and elephants; therefore 
hey require a stimulating environment.” They are quick learners 
and have sophisticated problem-solving abilities. Environmental and 
behavioral enrichment should be part of any program managing 
suids or peccaries. Many useful resources for enrichment are 
available." 


FEEDING 


In general, wild suids and peccaries, which are considered omni- 
vores, consume such things as leaves, grasses, young saplings, seeds, 
roots, tubers, fruits, fungi, eggs, invertebrates, carrion, and small 
vertebrates.'*’? In the wild, cactus also makes up a significant 
portion of the diet for the Chacoan peccary and, to a lesser extent, 
the white-lipped peccary.'** The natural biology of the various 
species also reveals the opportunistic nature of pig foraging based 
on seasonal availability.** Some authors have considered wild suids 
more herbivorous, with species occupying nutritional niches.> 
Warthogs have been classified as grazers and forest hogs as 
browsers. Hylochoerus, Potomachoerus sp., Sus scrofa, Sus barbatus, 
and possibly the warty pigs have been considered more frugivo- 
rous.°’* The exact nutritional requirements of wild suids are not 
well-defined.** In general, diets fed to wild suids and peccaries in 
captivity consist of a complete pelleted herbivore ration, with varying 
amounts of fruits, vegetables, browse, and hay. A study evaluated 
the apparent digestibility of different macronutrients in warthogs, 
red river hogs, warty pigs, and babirusa.” No difference in protein 
digestibility was observed between the species, including peccaries 
when comparing with prior literature. Despite differences in gastric 
anatomy, neither peccaries nor babirusa had more efficient fiber 
digestion. Hemicellulose was digested more efficiently than cellulose 
by red river hogs, babirusas, and peccaries, whereas warthogs were 
capable of efficiently digesting both hemicellulose and cellulose. 
Therefore, dietary items high in hemicellulose would be appropriate 
for most wild suids, whereas incorporating items such as grass 
hays that have higher cellulose content would be appropriate for 
warthogs. 

In captivity, wild suids are prone to obesity, which may interfere 
with reproduction and exacerbate musculoskeletal conditions such 
as osteoarthritis. Routine weight monitoring is recommended. 
Feeding strategies should be incorporated that minimize the impact 
of social domination by one individual or a few and food-motivated 
aggression. 
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FIGURE 58-2 A, Metal squeeze chute or crate used for anesthetic induction of small- to medium- 
sized suids and peccaries. B, End-on view illustrating squeeze mechanism. 


RESTRAINT AND HANDLING 


In general, physical restraint is not recommended in wild suids or 
peccaries. Most individuals struggle violently, and no part of the 
body is easily held. A cornered pig may become quite aggressive, 
and its tusks are capable of inflicting significant injury. Attempting 
to restrain a nondomestic pig by the hind leg, as is done with domes- 
tic swine, is not recommended because it may result in injury to the 
animal. Some individual animals will remain very flighty in captivity, 
whereas others become quite tractable. Operant conditioning in 
these animals may facilitate close visual inspection and limited palpa- 
tion. Some animals go into lateral recumbency when scratched with 
a broom or scrub brush. In animals with formidable tusks, such 
evaluations should be done in a protected contact situation. Piglets 
and infant peccaries may be manually restrained for minor 
procedures. 


Chemical Restraint 


Although immobilization in suids may be challenging, it is recom- 
mended for a thorough examination and for diagnostic procedures. 
Most wild suids have a thick layer of subcutaneous fat. Deposition 
of immobilizing agents into this fat layer may interfere with drug 
absorption, which would create a less than ideal immobilization. 
Peccaries generally do not have large subcutaneous fat reserves. ””” 
Some animals may become quite excited during immobilization. 
Although exotic species do not have the genetic defect that causes 
malignant hyperthermia in domestic swine, they are quite suscep- 
tible to hyperthermia because of their inability to sweat and the 
likelihood of extreme muscle exertion during an immobilization, 
especially in escape scenarios.’’ Excessive running, lengthy induc- 
tions, and violent recoveries are also risk factors for exertional myop- 
athy. Foot trauma may also occur with excessive running on hard 
surfaces. When darting an animal in a group, precautions need to 
be taken to avoid causing trauma to conspecifics. 

In addition to remote delivery via dart systems, squeeze chutes 
or crates may be used for hand injections. Figure 58-2 shows a metal 
squeeze crate used for hand injections in small- to medium-sized 
animals at the authors institution. Peccaries, warty pigs, and 
medium-sized red river hogs are transferred into the squeeze 


ce 


apparatus from a transport crate. This system works well and keeps 
animals confined during induction. 

Fasting times of 12 to 24 hours have been recommended; 
hovvever, hypoglycemia has been observed in some fasted pigs, espe- 
cially in Potamochoerus sp. and Sus celebifrons, at the authors institu- 
tion, 2025545 Therefore, fasting times have been reduced to 3 to 6 
hours for all suids and peccaries. In addition, blood glucose is moni- 
tored during immobilization and hypoglycemia treated, as needed. 
Problems secondary to a short fasting interval, for example, vomiting 
or gas distension of the gastrointestinal tract, have not been 
encountered. 

Chemical immobilization protocols for swine and peccaries have 
been reviewed recently (Table 58-4).” Multiple drug combinations 
have been used successfully. In addition, the author has added 
ketamine at 0.5 to 1 milligram per kilogram (mg/kg) with or with- 
out azaperone (0.25-1.3 mg/kg) to medetomidine-butorphanol— 
midazolam combinations. This has helped minimize some of the 
unpredictability in the response of wild suids to immobilizing agents. 
Azaperone (0.5-1.5 mg/kg, intramuscularly HMİ) has also been 
administered to anesthetized swine prior to recovery from anesthesia 
in case of concern about a possible violent recovery or excitability 
in the postrecovery period. Attempts to handle an animal before 
immobilizing agents have reached their full effect or the need for 
additional dosing in an animal may result in significant stimulation, 
which may override the drug effects and prolong induction. 

For neurolepsis, the authors institution has used a protocol of 
diazepam and amitriptyline (0.5 mg/kg each, orally [PO], twice daily 
[BID]) to help reduce excitability during shipment or other reloca- 
tion events. Dosages may be adjusted upward or downward based 
on the individual responses. Azaperone (1—2 mg/kg, IM) has been 
used to facilitate animal introductions. 


ANESTHESIA AND SURGERY 


General anesthesia is indicated for prolonged or invasive procedures. 
The most common conditions that require surgical intervention in 
nondomestic suids and peccaries are trauma and dystocias. These 
are managed with standard veterinary techniques. 
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TABLE 58-4 a 


Red River Hog S. African Warthog Babirusa 
(Potamochoerus (Phacochoerus (Babyrousa Visayan Warty Pig Collared Peccary 

Parameter porcus)* africanus)t babyrussa)! (Sus celebrifons)* (Tayassu tajacua)t 
Erythrocytes x 106/microliter (uL) 5.08-8.86 4.73-10 4.56-10.5 4.8-9.7 4.89-9.58 
Packed cell volume (%) 31.3-56.5 27.4-60 28.8-54.3 30.9-53.2 26-53 
Hemoglobin, gram per deciliter (g/dL) 1.36-16.2 9.4-16.2 9.1-17.6 9.9-15.9 9.4-18 
Mean corpuscular volume, (dL) 17.5-69.9 39.4—71.7 51.5-93.8 25.9-69.6 43.8-92 
Mean corpuscular hemoglobin, 16.3-23.3 10.2-23.9 15.7-28.1 14.2-22.3 16-23.4 

picogram (pg) 
Mean corpuscular hemoglobin 28.6-36.8 25.8-36.8 26.3-35.7 0.6-33.2 21.5-36.4 

concentration, (g/dL) 
Leukocytes/uL 4500-1800 4.1-15,000 3500-17,800 5900-23,300 2900-22,600 
Neutrophils/uL 2745-12060 614-10,300 714-12,100 2599-18,407 1800-15,100 
Band neutrophils/uL 87-424 86-801 57-595 83 44-5420 
Lymphocytes/uL 391-5610 224-7840 755-9870 1328-7520 414-8100 
Eosinophils/uL 45-1761 23-1357 44-1176 59-352 33-528 
Monocytes/uL 213-1980 47-1053 38-1780 112-1066 33-1668 
Basophils/uL 67-200 0-340 11-540 54-264 44-225 
Platelets x103/uL 0.176-499 120-732 36-784 0.194-296 106-255 
Plasma protein (g/dL) 5.7-9.5 ND ND ND 
Fibrinogen, milligram per 200-500 0-700 100-600 200-300 

deciliter (mg/dL) 
*Zoological Society of San Diego, San Diego Zoo Department of Pathology, Clinical Pathology Laboratory. 
Tinternational Species İnformation System, August 2002. 
ND, No data. 

Tracheal Arytenoid 
opening cartilage 


FIGURE 58-3 Laryngeal anatomy of a domestic pig. (From Thurmon, 
JC, Tranquilli WJ, Benson GJ: Lumb and Jones veterinary anesthesia, 3rd 


ed. Baltimore, MD, 1996, Williams & Wilkins.) 


Intubation may be difficult in suids. Laryngeal access is problem- 
atic because of their inability to open their mouths widely, their 
long rostrum, and the narrow oropharyngeal space.’’** In addition, 
a straight path from the epiglottis to the trachea does not exist 
because of the laryngeal anatomy (Figure 58-3).’*** A long laryngo- 
scope blade and stylet facilitate intubation. If a stylet is used, precau- 
tions need to be taken so to avoid trauma to the larynx. Once 
within the larynx, the endotracheal tube should be rotated 180 


Lateral Posterior floor Epiglottis 
laryngeal of larynx 
ventricle 


degrees to reach the tracheal opening. Threading an endoscope 
through the endotracheal tube may facilitate passage into the trachea. 
Laryngospasm may also complicate intubation. The use of benzodi- 
azepines has been noted to significantly reduce jaw tone, which 
may facilitate easier intubation. In peccaries, however, intubation 
is generally not difficult, as the mouth can be opened widely to 
gain adequate access to the larynx and a more direct path exists from 
the epiglottis into the trachea. Intubation may be done in lateral, 
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sternal, or dorsal recumbency, but sternal recumbency is generally 
recommended. 

Anesthesia monitoring is similar as for other ungulates. Inhalant 
or injectable agents may be used to maintain anesthesia. If venous 
access is available, propofol is an option for the use of injectable 
anesthetics. 


DIAGNOSTICS 


Anesthesia is generally required for most diagnostic procedures. 
Standard techniques used in domestic swine and other ungulates 
may be applied in wild suids and peccaries. Similar to domestic 
swine venipuncture may be difficult in exotic species. Vascular access 
sites include the saphenous vein, femoral vein, cephalic vein, coc- 
cygeal vein, and aural vein, as well as the cranial vena cava, which 
is used in the traditional technique. The cranial vena cava is, however, 
not routinely used at the authors institution. A technique for jugular 
venipuncture has been described.” A needle greater than 1.5 inches 
in length is inserted cranially and slightly medially into jugular 
furrow. Ultrasonography may facilitate localization of jugular veins, 
which are buried within the musculature of the neck. The saphenous 
vein in peccaries is prominent as it courses over the cranial aspect 
of the proximal tibia and is easily accessed.”” For low-volume infu- 
sions, the aural vein, if present, may be catheterized. Catheters may 
also be placed in the cephalic and saphenous veins; however, a blind 
stick may be necessary, as the veins are not always visible. Hematol- 
ogy and serum biochemistry data for selected species are summa- 
rized in Tables 58-5 and 58-6. 


DISEASES 
Infectious Disease 


Nondomestic suids and peccaries are susceptible to many of the 
same diseases as domestic swine and ungulates. These include lep- 
tospirosis, pasteurellosis, rabies, salmonellosis, and tuberculosis. 
Diagnosis and treatment are similar as for other species. A thorough 
review of infectious and parasitic diseases was previously compiled 
and is presented in Tables 58-7 and 58-8.2° 

Necrotizing enteritis caused by Clostridium perfringens was 
reported in collared peccaries and white-lipped peccaries from a 
facility in Brazil.° Lethargy and inappetence were followed by death 
within 24 hours in seven animals. Crowded housing conditions were 
thought to have played a role in the disease outbreak. 

Feral swine have been a concern for the domestic swine industry 
because of the risk of disease transmission. “”7”" Similarly, local feral 
swine may also act as a source of disease for exotic suids located in 
rural areas. Brucellosis was diagnosed in a group of red river hogs 
at a facility in Florida. Through testing of serum banked from the 
originating institution and genotyping of the Brucella isolate, it was 
determined that local feral swine were the likely source of the infec- 
tion Janssen, personal communication, 2012). 

Postweaning multisystemic wasting syndrome (PMWS) emerged 
in the domestic swine industry in the mid-1970s, and porcine circo- 
virus 2 (PCV2) was discovered to be associated with the syndrome.” 
An illness in a 10-month old red river hog in a facility in England 
fitted the criteria for PMWS. The hog died following a course of 

Text continued on p. 581 


TABLE 58-5 EEE 


Red River Hog 


S. African Warthog 


(Potamochoerus (Phacochoerus Bahirusa (Babyrousa Visayan Warty Pig Collared Peccary 
Parameter porcus)* africanus)t babyrussa)t (Sus celebrifons)* (Tayassu tajacua)t 
Total protein (g/dL) 5.2-9 5.2-7.0 6.0-9.1 4.7-7.2 5.8-8.9 
Albumin (g/dL) 2-5 3.3-4.1 3.3-5.7 4-5.7 3.1-4.7 
Calcium (mg/dL) 7.5-10.60 9.0-14.4 8.8-11.9 7.6-10.2 8.0-12.2 
Phosphorus (mg/dL) 3.1-8 3.4-11.8 3.2-8.3 3.5-8.4 3.5-8.3 
Sodium (mEq/L) 130-150 131-154 134-154 134-144 134-160 
Potassium (mEq/L) 2.7-6.0 3.4-6.9 3.5-5.5 3.2-4.9 3.5-5.5 
Chloride (mEq/L) 92-115 90-110 94-112 99-109 93-115 
Creatinine (mg/dL) 0.5-1.6 1.2-3.9 0.7-2.1 0.9-1.6 1.0-2.3 
Urea nitrogen (mg/dL) 8.5-22.9 5-8 6-31 8-22.6 11-23 
Cholesterol (mg/dL) 57-151 48-340 25-136 16-89 53-166 
Glucose (mg/dL) 50-171 39-250 24-192 63-154 76-258 
Total carbon dioxide (mmol/L) 8-40 18-36 13-45 21-41 8-40 
ALP (IU/L) 2.2-186 11-1283 12-209 20-299 7-293 
ALT (IU/L) 23-349 12-231 19-64 41-189 11-104 
AST (IU/L) 6-296 7-156 4-60 7-76 18-82 
GGT (IU/L) 7-123 25-145 39-137 30-65 0-21 
Amylase (U/L) 9.2-3052 23-1898 60-914 778-1994 25-158 
CPK (IU/L) 179-1344 227-3356 127-656 251-1893 99-2447 
Uric acid (mg/dL) 0.1-3.2 0-0.3 0-1.3 0.1-1.4 0.1-0.4 


*Zoological Society of San Diego, San Diego Zoo Department of Pathology, Clinical Pathology Laboratory. 


Tinternational Species Information System, August 2002. 


ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; g/dL, gram per deciliter; GGT, 
gamma glutamyltransferase; /U/L, international unit per liter; mEq/L, milliequivalent per liter; mg/dL, milligram per deciliter; mmol/L, millimole per liter. 
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TABLE 58-6 
Drug Combination Dose (mg/kg) Species Documented — Comments References 
Ketamine (K) 20 (K) Collared peccaries Not recommended as first 16 
choice for immobilization 
Recoveries may be prolonged 
and violent 
Fatality associated with ambient 
temperature 
Ketamine (K)/tiletamine-zolazepam 3.9(K)/0.63(TZ)/0.03(M) Chacoan peccaries Prolonged recoveries despite 45 
(TZ)/medetomidine (M) medetomidine reversal with 
atipamezole, residual ataxia 
Tiletamine-zolazepam (TZ) 2-5 (TZ) Multiple species Smooth induction, poor muscle 1,5 
relaxation, prolonged 
recoveries might be rough 
Duration of recovery is dose 
dependent 
2.18 (TZ) Chacoan peccaries Prolonged recoveries, poor 
relaxation 
Tiletamine-zolazepam 2.35 (12)/2.35 (X) Collared peccaries Prolonged recoveries, but study 13 
(TZ)/xylazine (X) did not antagonize xylazine 
Fatality associated with double 
dose 
1.23 (TZ)/1.23 (X) White-lipped peccaries Dose of 1.51 TZ and 1.51 X not 39 
successful in collared 
peccaries 
1.2-2.1(X)/1.8-3.3 (TZ) Babirusa (X) administered as premedicant, 19 
followed by TZ 20 min later 
Antagonism with 0.14 mg/kg 
yohimbine and 1 mg 
flumazenil for every 20 mg 
zolazepam 
Bradycardia seen in some cases 
3 (TZ)/0.5 (X) Warthogs Recoveries > 90 min 42 
3.3 (TZ)/1.6 (X) Feral pigs 46 
Tiletamine-zolazepam (TZ)/ 3-6 (TZ)/0.1 (R) VVild pigs — 40 
romifidine (R) 
Tiletamine-zolazepam (TZ)/ 1.46 (TZ)/0.14 (B) VVhite-lipped peccaries Similar doses ineffective for 39 
butorphanol (B) collared peccaries 
1.26 (TZ)/0.36 (B) Babirusa Reverse vvith naltrexone, poor 34 
overall relaxation 
Medetomidine (M)/butorphanol (B)// 0.04-—0.07 (M)/0.15-0.3 Multiple species Bradycardia, hypoxemia reported 28 
midazolam (Mz) (B)/0.08-0.3 (Mz) Antagonize vvith atipamezole, 
naloxone or naltrexone, and 
flumazenil 
Lower dose range used in calm, 
captive individuals 
Detomidine (D)/butorphanol (B)/ 0.12 (D)/0.3 (B)/0.3 (Mz) — — 29 
midazolam (Mz) 
Xylazine (X)/butorphanol (B)/ 2-3 (X)/0.3-0.4 — — 29 
midazolam (Mz) (B)/0.3-0.4 (Mz) 
Detomidine (D)/butorphanol (B)/ 0.12 (D)/0.3 (B)/0.6 (TZ) — = 29 


tiletamine-zolazepam (TZ) 
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profuse diarrhea and weight loss. An enterophathogenic Escherichia 
coli and PCV2 were isolated from the hog. The source of the PCV2 
was not identified. 

In recent years, research has focused on influenza viruses. Domes- 
tic swine are of interest because of their ability for gene reassortment 
with the avian, human, and swine influenza viruses. They may also 
be infected by various influenza viruses and the risk exists for influ- 
enza viruses to be transmitted among exotic swine species, their 
caretakers, and the visiting public. 


Neoplasia 


Reports of neoplasia in exotic swine are sparse. Neoplasia is generally 
seen in older animals. The following neoplasms were reported at 
necropsy in exotic suids at the authors institution: intestinal lym- 
phosarcoma and intestinal carcinoma in two Bornean bearded pigs, 
each 11 years of age; squamous cell carcinoma involving the prepuce 
and multiple carcinomas in warthogs aged 10 and 13 years, respec- 
tively; reproductive neoplasia in four wild boars, ages 12 to 17 years: 
(1) testicular malignant seminoma, (2) uterine leiomyosarcoma, (3) 
uterine adenocarcinoma, and (4) uterine sarcoma; pharyngeal squa- 
mous cell carcinoma in an 18-year-old babirusa; and carotid body 
tumor in a 10-year-old red river hog. 


Dentistry 


Dental problems are not uncommon in wild suids and peccaries: 
fractured or avulsed canines, periodontal disease, and dental 
abscesses are seen. Figure 58-4 shows a Visayan warty pig with a 
mandibular canine fractured at the gumline. An endodontic proce- 
dure consisting of a vital root canal was performed, and the canine 
continued to grow normally. A nylon screw was used to successfully 
cap a tooth defect in a babirusa.” Sites of tusk avulsions generally 
granulate with wound care and antimicrobial therapy. Some animals 
may need periodic tusk trimming. Dental attrition and uneven wear 
are expected findings in aging suids and peccaries (Figure 58-5). 
Some species in the wild have been noted to only have canines and 
caudal molars.” Floating dental points is performed, as needed. 
Periodontal disease is managed through regular prophylaxis, dental 
extractions, as needed, and antimicrobial therapy. Pulsatile low-dose 
doxycycline (0.3 mg/kg, PO, BID, for 1-3 months, rotating on and 
off therapy) has been used for adjunct management of periodontal 
disease in suids and tassysuids.’ Diets high in simple sugars may 
predispose these animals to periodontal disease. Routine dental care 
should be a part of suid and peccary preventive health care. 


Disorders of the Feet 


Trauma, especially to the feet, is common in exotic swine and pec- 
caries.”. The delicate nature of the suid and peccary hoofs compared 


- 
Á wi 


Fractured upper canine in a Visayan warty pig. 


with those of other ungulates makes them more susceptible to abra- 
sive wear. Some animals may need periodic hoof trims, depending 
on the substrate used and activity levels (Figure 58-6). Excessive sole 
wear and hoof trauma may occur from digging, running, or pacing 
on hard or abrasive surfaces (Figure 58-7, A and B). Any lame suid 
or peccary should be carefully monitored and examined if lameness 
does not resolve within a few days. If left untreated, sole erosions 
and hoof defects may progress to infection of soft tissues and osteo- 
myelitis. Hoof acrylics may be used to repair defects once the tissue 
has become healthy (Figure 58-8). Vettec hoof care products (Vettec 
Hoof Care Products, Oxnard, CA, www.vettec.com) are commonly 
used at the authors institution. Hoof acrylics are also used prophy- 
lactically to create protective toe caps when the animals are likely to 
pace excessively (e.g., during relocations). These products have also 
been used on the bottoms of bandages to extend bandage wear. 
Behavioral conditioning to facilitate inspection of feet is helpful to 
monitor hoof conditions. 


Miscellaneous Conditions 


Although pigs are quite hardy, they are still susceptible to hyperther- 
mia, exertional myopathy, or both. Possible scenarios include stormy 


Dental attrition and wear in a wild boar. 


| 


Overgrown hooves in a Bornean bearded pig. 
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Toe tip defects covered with hoof acrylic. 


anesthetic induction or recovery, escape, excessive chasing by enclo- 
sure mates, and conspecific aggression. In addition, suids are prone 
to gastric ulceration. Prophylactic treatment with gastroprotectants 
is recommended when animals are stressed such as by relocation, 
hospitalization, anorexia, or social aggression. 

A pheochromocytoma was found at necropsy in a 14-year-old 
male warthog that had been evaluated for epistaxis.’ No lesions were 
present in the nasal cavity. On the basis of blood pressure readings 
and epinephrine norepinephrine ratios, the epistaxis was presumed 
secondary to the pheochromocytoma. 


Compared with other ungulate species, gestation is shorter in wild 
suids, and they are considered the only true multiparous group of 
the artiodactylids.”” Because of this, the young are smaller relative to 
the size of the dam. Males actively court females. Females develop 
vulvar swelling and urinate frequently when in estrus. The uterine 
horns of the warthog and babirusa are reported to be smaller than 
those in other suid species, and this is attributed to be the reason 
for their smaller litters.*” Peccary uterine horns are shorter than those 
of suids.'* The penis is curved in a sigmoid shape, and the ends have 


a corkscrew appearance, correlating with the shape of the cervix.” 


A summary of reproductive parameters for select species are sum- 
marized in Table 58-9. 

Fecal hormones to characterize reproductive biology were evalu- 
ated in red river hogs, babirusas, and warthogs.’ Researchers found 
that estrus cycles could be monitored using 20 &-OH- and 20-oxo- 
pregnane assays. In contrast, estrogens and androgens were not 
useful in characterizing follicular activity during estrus. The duration 
of the estrus cycle was approximately 35 days for all three species 
in this study. During the second half of pregnancy, estrogens and 
17-oxo-androstanes were elevated. 

Use of ultrasonography to diagnose and monitor pregnancy in 
both awake and anesthetized babirusa has been reported.” Uterine 
changes were noted at 28 to 32 days of gestation. Ventral midline 
transabdominal ultrasonography was superior to rectal ultrasonog- 
raphy in visualizing fetal structures. During weekly ultrasonographic 
examinations, fetuses were detected at 38 days of gestation. Cranial 
measurements, done weekly, revealed a linear growth pattern. The 
authors documented resorption of one of three fetuses in each of 
three pregnancies. 

Suids also differ from other artiodactylids in that they show 
nesting behavior prior to parturition. They generally do not clean 
their young after birth. Except for the Babirusa sp., Phacochoerus sp., 
and Hylochoerus sp., piglets are born with horizontal stripes. ””””” 
Similar to other artiodactylids, placentation is epitheliochorial, so 
neonates are dependent on nursing for transfer of maternal immu- 
nity. At the authors institution, pregnant suids are vaccinated, where 
feasible, against colibacillosis. In captivity, promiscuous suckling 
has been observed in white-lipped peccaries but not in collared 
peccaries.” 

Most newborn piglets are not able to fully thermoregulate, so 
protection from the elements and supplemental heat are needed, 
depending on weather circumstances. Infanticide and cannibalism 
of young have been reported in pigs and peccaries and are not 
uncommon in exotic swine species in zoos as well. Neonatal mortal- 
ity comprises a large proportion of swine and peccary mortality at 
the authors institution. Trauma accounts for a majority of cases, 
followed by infectious etiologies. When the young start to sample 
solids, creep feeders may have to be provided to allow the young 
access to food without interference from adult animals. 
Melengesterol acetate implants, gonadotropin-releasing hormone 
(GnRH) inhibitors, and medroxyprogesterone injections have been 
used in females for contraception. Information on the most current 
contraceptive recommendations for swine and peccaries may be 
found through the Association of Zoos and Aquariums’ Wildlife 
Contraception Center.” 
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TABLE 58-9 


Red River Hog Babirusa Common Warthog Chacoan Peccary 
(Potamochoerus (Babyrousa Bearded Pig (Phacochoerus Collared Peccary (Catagonus 
Parameter Porcus) Babyrussa) (Sus Barbatus) Africanus) (Tayassu Tajacu) VVauneri) 
Karyotype (2n) 34 38 36-40 34 30 20 
Age at sexual 3 years In captivity as early 10-20 months 18-20 months 8-10 months 1-2 years 
maturity as 5-10 months 
Details of Seasonal? Polyestrous, may Breed through Seasonal Polyestrous; Breed through 
estrous cycle have two litters year, two polyestrous; estrus 27-28 day year 
per year; urinary litters per lasts 72 hours estrous cycle; 
hormones. 28-42 year approximately 1- to 5-day 
day estrous cycle every 6 weeks estrus (5.7 day 
mean) 
Gestation 127 days 155-175 days (163 160 days 160-170 days 140-150 days ~150 days 
day mean) (142 day mean) 
Litter size 1-8 (usually 3-4) 1-3 (usually 2) 8-10 1-8 (usually 2-3) 1-3 (usually 2) 1-4 (usually 2) 
Number of 3 pairs 2 pairs 6 pairs 2 pairs 2 pairs 4 pairs 
mammae 
Weaning — 26-32 vveeks 5-6 vveeks 24-25 weeks 6 weeks = 


Data modified from Morris and Shima.”° 
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CHAPTER 


BIOLOGY 


Today, two extant species of the Hippopotamidae coexist within two 
genera: (1) the small and rare pygmy hippopotamus (Choeropsis 
liberiensis, previously Hexaprotodon liberiensis) native to the forests of 
West Africa, and (2) the far larger, more widespread, and common 
hippopotamus (Hippopotamus amphibius). The geographic distribu- 
tion of the common hippopotamus today is restricted to sub-Saharan 
Africa, where it inhabits rivers, lakes, and wetlands. 

In 2006, this species was included for the first time in the Inter- 
national Union for the Conservation of Nature (IUCN) Red List of 
Threatened Species and was listed as Vulnerable to Extinction.” The 


common hippopotamus is listed in Appendix II of the Convention 
on International Trade in Endangered Species of Wild Fauna and 
Flora.” The wild population is rapidly dwindling, with a 30% 
decrease in the past decade. In some countries such as the Demo- 
cratic Republic of Congo, the wild population has diminished by as 
much as 9596.” Unfortunately, there are very few recent surveys of 
hippopotamus (“hippo”) populations and, therefore, a significant 
uncertainty concerning the momentary situation exist. 

As its name indicates, the common hippopotamus has an amphibi- 
ous lifestyle, gregariously resting in shallow water during the day 
and emerging at night to feed solitarily. Common hippos live in 
loose, social, polygynous groups of females with offspring and 


territorial males, based on mating territoriality. Spreading its dung 
by tail wagging while defecating, a behavior more commonly 
observed in males, is believed to have a signaling function, rather 
than a territorial one. Although conflicts are highly ritualized and 
usually restricted to threat displays, fierce territorial fights may occur 
when a bachelor challenges a territorial male. These territorial fights, 
which usually occur in the water, may result in considerable trauma 
and even death caused by the huge canines. 

Similar to its larger relative, the pygmy hippo is facing a consider- 
able population decline in the wild and is currently listed as Endan- 
gered on the IUCN Red List of Threatened Species.” The pygmy 
hippo is listed in Appendix I of the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora.’ The species 
occurs in four African countries, namely, Sierra Leone, Guinea, Cote 
d'Ivoire, and Liberia, where the largest populations are found. 
Because of its secluded and nocturnal lifestyle, not much is known 
about the ecology of the species. The pygmy hippo is less gregarious 
compared with the common hippo and is usually found either soli- 
tary or in pairs. The few studies indicate that the pygmy hippo 
retreats into swamps, river banks, and heavily forested habitat during 
daytime and that it shows a strong affinity to water and is therefore 
found close to rivers or streams.” 

Both species are long lived, with reported ages of 35 to 50 years 
(61 years reported in a captive animal) in the common hippo, and 
up to 55 years in the pygmy hippo.””” Weights range up to 2500 kg 
in the female and 3000 kg in the male common hippos, with a 
tendency to be higher in captivity; and around 160 to 350 kg in the 
pygmy hippo. 


UNIQUE ANATOMY 


Compared with its larger relative, the common hippo, which is 
designed to support its enormous body weight (the scapula is ori- 
ented vertically and forms a vertical column with the limb bones; 
he pelvis is oriented at a 45-degree angle), the skeleton of the pygmy 
hippo is built slightly lighter.” The shape of the skull and the posi- 
ion of the eyes differ among the species, according to their indi- 
vidual lifestyles. In the common hippo, the eyes face forward, 
whereas in the pygmy hippo, the skull is proportionally smaller and 
rounder, with the orbits positioned laterally. In the common hippo, 
he brain case is extremely small compared with the head, which 
should be taken into account when euthanasia performed with a rifle 
is considered. The jaw of the common hippo is capable of a 150- 
degree opening, which is less in the pygmy hippo. 

Hippos are considered pseudoruminants, as they have a complex 
four-chambered stomach structure with a ruminant-type digestion, 
although they do not ruminate. As in ruminants, fermentation occurs 
mainly in the forestomachs, which contain a rich ciliate fauna. 
Cecum and gallbladder are missing. However, necropsy reports have 
described a structure that contains bile and have reported it as 
“gallbladder-like.”” In contrast to other species of artiodactyls, 
hippos have four functional toes with nail-like hooves on the end of 
the toes. 

Both hippo species show marked physiologic adaptations for a 
(semi-)aquatic life style. Accordingly, the external sensory organs are 
positioned high on the head.” The skin is thick, lacks sebaceous 
glands, and retains few hairs. Muscular valves close the ears and 
nostrils during diving. Recently, the hippo has been identified as the 
artiodactyl sister group of cetaceans. 
The unique morphology and the physiology of the hippo may 
constitute a challenge during medical procedures. The thick skin and 
he dense subcutaneous tissue may impede darting and the resorp- 
ion and distribution of drugs. Difficulties caused by their large size, 
dive response, arousal during anesthesia, and limited vascular access 
have been previously reported." 

Furthermore, knowledge gaps with regard to the anatomy and 
ocation of specific organs such as the testes have led to intrasurgical 
difficulties.” A decade ago, it was already realized that more 
research is required before surgical castration of the male hippo can 
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be recommended.” The location of the testes in the hippo is still 
described as “internal” in analogy to cetaceans that have true intraab- 
dominal testes. However, in the hippo, the testes are actually partially 
descended and remain in the inguinal canal.” A scrotum, as such, 
is not developed in the hippo. The hippo evolving between land and 
water appears, in contrast to true terrestrial mammals, to have par- 
tially retracted testes.'* 


Dental Formula 


The dental formula of the common hippo is: incisors (I) 2/2, canines 
(C) 1/1, premolars (P) 3-4/3-4, molars (M) 3/3; and that of the 
pygmy hippo is: 1 2/1, C 1/1, P 3/3, M 3/3. The tusklike canines are 
used for fighting, and the enlarged incisors grow continuously. In 
males, canines are twice as long as in females and are kept sharpened 
by constant wear against the shorter upper canines. The low crowned 
molars are used for mastication of food. 


SPECIAL PHYSIOLOGY 


The unique skin of the hippo, consisting of a thin epidermis and a 
hick dermis with dense subcutaneous and fat tissue, characterizes 
both species. Subepidermal capillary loops, considered to play an 
important role in thermoregulation, have a diameter 20 times larger 
and density three times higher than in other mammals and were 
recently described in the integument of the common hippo.” Fur- 
hermore, these capillaries are uniquely adapted for high blood pres- 
sure, allowing for efficient blood vessel—based heat transfer to the 
periphery,” 

o sebaceous or sweat glands exist, but large, subdermal mucous 
glands secrete a thick, oily red fluid—the so called “blood sweat” or 
“red svveat.” The secretions are believed to protect the thin epider- 
mis against water loss, sunburn, and infections. 

Hippos have an exceedingly good predisposition for wound 
healing.*! Good wound healing is clearly necessary for the common 
hippo, as territorial fighting results in wounds of significant size and 
number. ” One possible explanation for the good wound healing 
properties is the particular “red sweat” observed in this species. The 
pigments responsible for the color have been described as hipposu- 
doric acid (the red pigment) and norhipposudoric acid (the orange 
pigment).”” The red pigment has been shown to have significant 
bacteriocidal activity by inhibiting the growth of pathogenic bacteria 
such as Pseudomonas aeruginosa and Klebsiella pneumonia."' Similarly, 
the closest relatives of the common hippo, cetaceans, also have an 
epidermal defense mechanism against bacteria, fungi, algae, and 
ectoparasites.” 


SPECIAL HOUSING REQUIREMENTS 
Common Hippo 


Because of their size and strength, the common hippo requires 
robust housing and adequate barriers. Many existing barriers in zoos 
are very low and could easily be scaled by adult hippos. The animals 
are generally not considered to be frost resistant, although they are 
found in Africa at higher altitudes (1500-2000 m above sea level) 
with cool night temperatures and have been held in zoologic collec- 
ions in Europe in subzero conditions. However, for animal welfare 
reasons, they should be provided with heated interior enclosures in 
emperate climates. Room temperature is suggested to range from 
16° C to 20° C. The animals need interior and exterior pools, which 
should have a depth of at least 2.5 m so that the animals can remain 
otally submerged.”” Additional shallower areas in the pools have 
been shown to be beneficial for the resting behavior.' Extensive filter- 
ing is needed to provide conditions for underwater viewing. Further- 
more, the animals require adequate areas to rest and shaded areas in 
he outside enclosures. The interior enclosure design should allow 
for easy separation of individuals and removal of individuals from 
he pool for medical interventions. Naturalistic exhibits have been 
suggested to enhance animal welfare and provide the public with a 
clearer view of the lifestyle of the hippo.' 
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Pygmy Hippo 

The pygmy hippo has similar enclosure requirements as the common 
hippo. Although smaller, this species is reported to be far more 
aggressive tovvard conspecifics and humans.” Adequate separation 
of individuals is generally necessary and must be considered vvhen 
designing an enclosure. Some individuals vvill need to be housed 
separately to prevent fighting. It has been suggested that females be 
kept dry prior to parturition to allow a slow introduction of the calf 
to the water environment.” Several descriptions of pygmy hippo 
enclosures are provided at the website of zoolex.org (http:// 
www.zoolex.org 2013). 


FEEDING 


Both hippo species are easy to keep in captivity and usually pose few 
veterinary problems related to feeding. Disorders associated with the 
GI tract are mainly reported to be foreign body ingestion leading to 
obstruction of the small intestine.'° Hippos are considered strict 
herbivores, although cases of carnivory in the wild common hippo 
have been reported.'* Common hippos are described as exclusive 
grazers with a capacious foregut fermentation system.” Interestingly, 
this species is reported to have a comparatively low food intake and 
also short feeding times. The diet of an adult common hippo should 
consist of some 30 to 45 kilograms (kg) of a mixture of good-quality 
grass, clover, lucerne, and green maize. Additionally, various vegeta- 
bles may be provided. In winter, the grass may be replaced with 
good-quality hay and silo.” The few studies on pygmy hippos 


suggest that the diet in this species contains ferns, herbs, leaves, and 
fruits, with grass playing a minor role.” In captivity, a wide range of 
vegetables and fruits may be provided, along with high-quality hay. 
It is important to note that both hippo species are reported to have 
unusually low metabolic rates, and therefore the provision of energy- 
dense pelleted foods should be considered carefully in view of the 
species’ proneness to obesity.”* 


RESTRAINT AND HANDLING 


Physical restraint and handling are difficult in both hippo species, 
as they are extremely dangerous. Especially, the common hippo, 
because of its weight, size, sharp canine teeth, and the often- 
aggressive demeanor, may easily inflict fatal injuries. For any proce- 
dures that require closer contact with the animal, additional chemical 
restraint is recommended (Tables 59-1 and 59-2). 

To avoid anesthesia, which is associated with challenges in both 
species, training for minor examinations or procedures (e.g., oral 
examination) may be implemented. 


ANESTHESIA AND SURGERY 


The common hippo (Hippopotamus amphibius) is difficult to anesthe- 
tize, and in the past, procedures were associated with high mortality. 
Both the unique morphology and the physiology of the hippo con- 
stitute anesthetic challenges. 

Because of the strength, body size, and weight of the hippo, 
several facts should be considered during preanesthetic planning. 


TABLE 59-1 —w— 


Dosage (milligram per kilogram [mg/kg]) 


Reversal Agent 


Generic Name Trade Name (adult total dose) (mg/kg) Comments 
Etorphine”? M99 0.001-0.005 (2-6) Diprenorphine Fatal complications vvith 
2-3.2 xM99dose high dosages of M99 
Naltrexone (up to 7-12 mg)? 
100x M99 dose 
Etorphine/xylazine*?°° M99/Rompun 0.001-0.005 (2-6)/ Naltrexone Fatal complications with 
0.067—0.083 (100) 100x M99 dose/ high dosages of M99 
(2-6/100-150) Yohimbine (up to 7-12 mg)“ 
0.1-0.3 
Ketamine/ Ketasol, Ketanest/ 1/0.06-0.08 Atipamezole 
medetomidine“” ° Dormitor, Zalopine 1.5/0.067 2-5x Med. dose 


(900/40)—600 kg 


Detomidine/ Domosedan, 0.02-0.06/0.1—0.2 Yohimbine Caution: Arousal due to 
butorphanol 57547 Domidine/Butomidor 0.05/0.15 0.1-0.3 or stimulation 
(100/300 for est. vveight of 2270 kg) Atipamezole 
(40/60 for est. vveight of 950 kg) 5x Det. dose 
(30/90)-550kg Naltrexone 
0.4—0.6 
Butorphanol/azaperone/ Butomidor/Stresnil/ 0.1-0.12/0.05-0.10/ Atipamezole Caution: Arousal due to 
Medetomidine'® Dormitor, Zalopine 0.04—0.05 2x Med. dose stimulation 
Naltrexone 
2x But dose 
Tiletamin-Zolazepam/ 3/1 Profound sedation 
Ketamin”” 
Azaperone“? Stresnil (400-800) Sedation only 
Acepromazine“” 0.2 Oral administration, 
mild sedation 
Diazepam (Miguel 0.2 Oral administration, 


Cesares, personal 
communication) 


mild sedation 


Adapted from Miller M: Hippopotamidae (hippopotamus). In Fowler ME, Miller RE, editors: Zoo and wild animal Medicine, ed 5, Philadelphia, 2003, WB 


Saunders. 


TABLE 59-2 
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Dosage (milligram per 
kilogram [mg/kg]) 
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Generic Name Trade Name (adult total dose) Reversal Agent (mg/kg) Comments 
Carfentanyl/xylazine*° Carfentanyl/Rompun 0.0075/0.05 (1.5/10) Naltrexone 100x 

Carfentanyl dose 

Yohimbine (Antagonil) 

0.1-0.3 

Etorphine-acepromazine/ Immobilon/ 2.45 LAI/10/ [150 mg] Diprenorphine 2-3x 
[xylazine]*°°? Rompun 0.011-0.017/0.046-0.2 etorphine dose 
(2-3/10) 

Etorphine/xylazine! “454652 (M99/Rompun 0.009-0.014/0.46-0.69 Naltrexone 100x M99 dose 


(2-3/100-150) Yohimbine (Antagonil) 
(5/10) 0.1-0.3 
Ketamine/xylazin°*2 Ketasol, Ketanest/ 5-8/1.4-1.6 
Rompun (1100-1800/300) 
10-15/2 
Medetomidine/ketamine® Dormitor, Zalopine/ 0.08/1.2 Isoflurane maintenance 


Ketasol, Ketanest 


Medetomidine/ 


Dormitor, Zalopine/ 


0.034—0.09/0.184-0.19 


or Atipamezole (Antisedan) 


Sedation only; possible arousal 


butorphanol**“° Butomidor (12/80) 5x Medetomidine dose/ due to stimulation 
0.036/0.2 naltrexone 3x 
0.09/0.18 (22.5/45) Butorphanol dose 
Tiletamine/zolazepam*° Telazol/Zoletil 2.2-3.5 (500-1000) 
Detomidine/butorphanol“““5“  Domosedan, 0.04—0.06/0.1—0.2 Yohimbine (Antagonil) Doses for heavy sedation/light 
Domidine/ 0.02—0.06/0.1—0.2 0.1-0.3 or Atipamezole anesthesia 
Butomidor best combination: (Antisedan) 5x Potential arousal due to 
0.05/0.15 Detomidine dose/ stimulation, may require 
naltrexone 0.4-0.6 supplemental drugs 
Midazolam***° 0.1 (25) Premedication, mild sedation 
Diazepam/detomidine”® 0.5/0.044 Yohimbine 0.11 Oral administration as 
premedication 
Ketamine/butorphanol”? 1.25/0.0184 İnduction after premedication 


vvith (diazepam/detomidine), 
supplemental doses of 
ketamine, butorphanol and 
detomidine 


Adapted from Miller M: Hippopotamidae (hippopotamus). In Fowler ME, Miller RE, editors: Zoo and wild animal Medicine, ed 5, Philadelphia, 2003, WB 


Saunders. 


The area where anesthesia will be administered should be easily 
accessible and adequate for darting of the animal. For the safety of 
the animals and the personnel, working space and escape routes 
should be secure. As the animals are difficult to move once in anes- 
thesia, devices for moving the animal, such as ropes, winches, or 
cranes, should be readily available. 

Fasting the hippos 24 to 48 hours and restricting their water 
intake for 12 to 24 hours before anesthesia are recommended by 
some authors to reduce the volume of gut content and, thus, the 
pressure on the diaphragm during recumbency.*’***?’ However, 
other authors have successfully anesthetized hippos with fasting of 
the animals for only some 12 hours.” 

Anesthetic agents may be applied manually in trained animals, 
but usually pole syringes, anesthetic pistols, or guns are used. Espe- 
cially in large adult animals, only the area caudal to the ear or the 
medial and caudal aspects of the hind leg are recommended sites for 
injection, as the dense subcutaneous tissue and fat of several centi- 
meters thickness will impede darting and the resorption in other 
areas. In juvenile or smaller animals, other sites may be used for 
injection. To penetrate the skin and the fat layer, long, reinforced, 
nonbarbed needles of 60 to 100 millimeters (mm) length are 
recommended. 


The literature and reports on anesthesia of hippos are rare. Very 
early reports on capture and chemical restraint provide descriptions 
of field captures in which various muscle relaxants such as succinyl- 
choline chloride, ” varying combinations of phencyclidine hydro- 
chloride with o)-agonists, acepromazine, or ethorphine, ”””” or 
fentanyl-acepromazine were used.”” These historical immobilizations 
in the field often resulted in drowning of animals, as hippos tend to 
retreat into water when threatened. This fact should be kept in mind 
when considering anesthesia, and access to pools should be blocked 
to prevent accidental drowning. 

The use of detomidine-butorphanol and medetomidine— 
butorphanol-azaperone (BAM) combinations have been 
described.*'*'°*" Spontaneous arousal of animals following stimula- 
tion makes these protocols only suitable for sedation and very minor 
or nonsurgical procedures. 

The most commonly used anesthetic is the potent opioid etor- 
phine, sometimes in combination with xylazine or aceproma- 
zine. Reported complications with these opioid-based 
anesthetic combinations include apnea, cyanosis, bradycardia, and 
fatal respiratory arrest.”” In a retrospective study, 6 of 16 immobiliza- 
tions were shown to have resulted in complications from bradypnea 
and apnea. In 3 of 4 cases, these respiratory complications were 
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successfully resolved with the administration of doxapram, a respira- 
tory stimulant. In the same study, only 2 of 16 procedures provided 
an anesthetic depth sufficient for surgical interventions. 

The successful use of a medetomidine-ketamine combination in 
10 adult male hippos undergoing castration has been reported. In 
this study, self-limiting apnea was observed in 5 of 10 animals. The 
authors considered this a physiologic process related to the dive 
response in this semi-aquatic species, as no intervention was neces- 
sary, and vital parameters remained unchanged throughout. 

The literature on anesthesia in the pygmy hippo is scarce. Various 
case reports provide brief descriptions of anesthetic protocols.*!°°** 
Anesthesia in this species has been described in more detail 
elsewhe re 2:33:34,44,45,52,75 

The protocols used are similar to the ones used in the common 
hippo. Etorphine, alone or in combination with acepromazine; aza- 
perone; propionylpromazine; or xylazine were used most commonly. 
The use of ketamine in combination with ,-agonists has been 
reported.’ Ketamine and medetomidine (with isoflurane mainte- 
nance) has been successfully used in the pygmy hippos.””” Combi- 
nations of detomidine or medetomidine with butorphanol have been 
described, but as in common hippos, pygmy hippos also showed 
arousal because of stimulation." Ketamine-butorphanol combina- 
tion is reported to be used for anesthesia induction.***” Midazolam— 
zolazepam-tiletamine combination has been used for mild sedation 
in this species. 
Although difficult, anesthesia monitoring is crucial for successful 
anesthesia in hippos. The most serious adverse effects of anesthesia 
in hippos include hypopnea or apnea, bradycardia, and hyperther- 
mia. This is especially true with regard to long procedures with poor 
oxygen saturation. Respiratory rate may be assessed directly by 
observing thoracic excursions or indirectly with a respirometer, cap- 
nography (side or mainstream), or observation of the rebreathing bag 
when the animal is intubated. 

Endotracheal tubes of 24 to 30 mm are recommended for an 
adult hippo. To keep the hippos mouth open and to safely 
intubate, a mouth gag (e.g., wood block) may be used. Because of 
the pygmy hippo’s smaller, more caudal pharynx and smaller trachea, 
intubation is reported to be more difficult than in the common hippo 
and is usually performed by manual palpation with a tube size of 
14 mm for an adult pygmy hippo.'"**” Heart rate may be auscul- 
ated in smaller animals or by pulse oximetry (with the probe 
attached to the tongue, inside lip, eyelid, ear [after removing the 
corneal layer of the skin] vulva, prepuce).”””” Doppler ultrasonogra- 
phy (with probes placed on the cornea), or palpation of an artery 
(sublingual artery) may also be used (Stalder, personal communica- 
ion). Electrocardiography (ECG) is generally difficult to perform 
under routine anesthesia. Saturation of peripheral oxygen (SpO;) 
may be measured by pulse oximetry at the same locations as stated 
or the heart rate or by blood gas analysis (saturation of arterial 
oxygen [SaO,]). Oxygen supplied by nasal insufflation or via a tube 
with a flow rate of up to 15 liters per minute (L/min) is recom- 
mended to improve oxygen saturation.* The use of a Hudson 
demand valve may be useful in view of the very low respiratory rate 
in anesthetized hippos. 

Arterial access is generally difficult, but blind puncture of the 
ventromedial tail artery is possible.” Several venipuncture sites have 
been used in the hippo (ventral tail vein, sublingual vein, cephalic 
vein, medial vein at the antebrachium, or the palmar digital vein, 
caudal on the lower limb, medial saphenous and plantar digital vein, 
auricular vein). Intravenous catheterization is usually difficult. 
The thickness of the skin may necessitate a cut-down procedure or 
the use of ultrasonography to locate the veins. On the legs, the veins 
are extremely thin walled and collapse easily, so these veins are less 
suitable for catheterization. 

Especially during longer procedures, body temperature should 
be closely monitored, as hippos could become hyperthermic. Water 
should be available to keep the skin moist and support thermoregu- 
lation. A cold-water rectal enema may also be used to decrease body 
temperature. 


SURGERY 


Surgical procedures are not commonly performed in hippos. Case 
reports describe treatment for dermatitis, skin biopsy and wound 
debridement, tusk trim, and removal of a perineal mass in the 
common hippo, as well as treatments for rectal and uterine pro- 
lapses, hernia umbilicalis, removal of an oral mass and tusk trim, 
and cesarian section in pygmy hippos. 02%” A recent study reported 
castration in 10 common hippos.” 


DIAGNOSTICS 


Physical examination and obtaining of samples for diagnostics in 
nonsedated hippos are generally difficult because of the nature of 
the animals. In sufficiently conditioned animals and in facilities with 
well-designed restraint devices, superficial examination and evalua- 
tion and, in some cases, palpation of the oral cavity, eyes, skin, and 
feet or other superficial structures may be performed. 

Sampling of urine may be easily performed using a collecting 
vessel attached to a pole as the urine stream is usually discharged 
caudally. Bone marrow biopsy or collection of cerebrospinal fluid is 
usually performed only during necropsy. 

Blood sampling, in most cases, requires sedation or anesthesia. 
For venipuncture sites, see Chapter 59 Hippopotamidae - Anesthesia 
and Surgery. Because of the constraints in collecting blood samples 
rom nonsedated animals, reference values are derived mainly from 
ill or chemically restrained animals. No adequate values are available 
or the common hippo (Andrew Teare, ISIS, personal communica- 
ion, 2013). It must be kept in mind that the values provided for the 
pygmy hippo are derived from sample sizes greater than 10 but less 
han 50 and do not fulfill American Society for Veterinary Clinical 
Pathology (ASVCP) criteria (Andrew Teare, ISIS, personal commu- 
nication, 2013). Hematology and serum biochemistry data are sum- 
marized in Tables 59-3 and 59-4. 


DISEASES 


Hippos usually pose few veterinary problems with respect to dis- 
eases. Clinical examination and diagnostics are challenging, as they 
require training or chemical restraint in most cases. 


TABLE 59-3 =. 


Reference Ranges for Hematologic Parameters 
for the Pygmy Hippo 


Parameter Units Range 
White blood cell count *10° cells per microliter 6.10-26.60 
(cells/uL) 

Red blood cell count 107 cells/uL 3.11-7.25 

Hemoglobin Gram per deciliter (g/dL) 10.8-17.9 

Hematocrit % 18.0-55.0 
ean corpuscular volume Femtoliter (fL) 57.9-80.3 
ean corpuscular Picogram (pg) 20.1-26.2 
hemoglobin 
ean corpuscular g/dL 32.0-35.7 
hemoglobin concentration 

Segmented neutrophils 7103 cells/uL 3.40-24.5 
eutrophilic band cells 7105 cells/uL 0.03-1.37 

Lymphocytes *10° cells/uL 0.38-5.20 
onocytes cells/uL 102-1290 

Eosinophils cells/uL 74-1560 


Reference Ranges for Serum Biochemical 
_ Parameters for the Pygmy Hippo 


Test Units Range 
Glucose Milligram per deciliter 32-193 
(mg/dL) 
Blood urea nitrogen (BUN) mg/dL 10-47 
Creatinine mg/dL 0.5-2.7 
BUN :Creatine ratio 8.9-33.3 
Uric acid mg/dL 0.0-1.2 
Calcium mg/dL 8.7-14.3 
Phosphorus mg/dL 4.4-11.4 
Calcium: Phosphorus ratio 1.1-2.8 
Sodium Milliequivalent per liter 139-156 
(mEq/L) 
Potassium mEq/L 3.5-8.4 
Sodium: Potassium ratio 18.6-41.4 
Chloride mEq/L 94-115 
Total protein Gram per deciliter (g/dL) 5.5-10.2 
Albumin g/dL 3.4-5.9 
Globulin g/dL 1.7-5.6 
Alkaline phosphatase International unit per 19-309 
liter (IU/L) 
Lactate dehydrogenase IU/L 2-867 
Aspartate aminotransferase — IU/L 16-493 
Alanine aminotransferase IU/L 8-51 
Creatine kinase IU/L 21-274 
Gamma-glutamyltransferase IU/L 6-189 
Total bilirubin mg/dL 0.3-2.5 
Cholesterol mg/dL 17-155 
mEq/L 12.4-31.0 


Carbon dioxide 


Infectious Disease 


Descriptions of infectious diseases in captive hippos consist mostly 
of individual case reports. Large disease outbreaks are restricted to 
he wild population. Anthrax (Bacillus anthracis) is the single most 
significant pathogen associated with high mortalities and periodic 
outbreaks in the wild hippopotamus.” Bacterial infections include 
uberculosis, salmonellosis, and pasteurellosis,' and fatal E. coli sep- 
icemia and Clostridium perfringens type A infection have been 
reported in juvenile hippos.'*’’ Several serotypes of Salmonella have 
been isolated from asymptomatic animals as well as animals with 
clinical signs such as lethargy, anorexia, or Gl-colic.”” 

B-hemolytic and y-non-hemolytic streptococcal infections are the 
most common reported bacterial infections in captive animals, with 
a clinical spectrum ranging from frequently occurring skin infections 
resulting in severe dermatitis””” to rarer cases of vasculitis, osteomy- 
elitis, placentitis, mastitis, or septicemia, sometimes resulting in 
fatalities." These skin infections are commonly associated with 
opportunistic co-infections by organisms such as Morganella morga- 
nii, Klebsiella pneumonia, Citrobacter freundii, Enterococcus faecalis, 
Serratia liquifaciens, and Proteus vulgaris and tend to persist but 
respond to aggressive antibiotic treatment with sulfamethoxazole 
and trimethoprim, amoxicillin, pentoxifylline, cephalosporins. Fur- 
thermore, seasonally recurring dermatopathies, similar to Streptococ- 
cus infections have been reported, but these could not be attributed 
to a specific pathogen.” Antibody titers to tetanus virus, Brucella, 
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FIGURE 59-1 An ingrown canine in a common hippopotamus. Tusks 
are easily shortened using a Gigli wire-saw or adapted power tool. 
(Photo courtesy of Dr. Frank Goritz.) 


and Leptospira have been reported in the wild common hippopota- 
mus.” L. icterohaemorrhagiae infection in a zoo animal led to a fatal 
outcome in a pygmy hippo.” 

Antibodies to bovine herpesvirus 2 (BHV2), rinderpest virus, 
infectious bovine rhinotracheitis virus (IBR), and contagious bovine 
pleuropneumonia virus have been found in wild common 
hippos. “7” A fatal encephalomyocarditis virus (EMCV) infection 
in a pygmy hippo was reported from an Australian zoo.” 


Parasitic Disease 


A wide range of parasites have been found in free-ranging hippos. 
These include platyhelminthes (e.g., Fasciolidae, Schistosomatidae, 
Taenidae), nematodes (e.g., Trichostrongylidae, Filariidae, Ascaridi- 
dae), and protozoans (e.g., Coccidia, Trypanosoma). Additionally, 
antibodies to Toxoplasma gondii and the isolation of Trypanosoma 
brucei, T. congolese, and the malaria parasite Hepatocystis hippopotami 
have been demonstrated in the wild common hippo.'*’’ Ectopara- 
sites such as ticks (Amblyomma tholloni, Rhipicephalus simus) and 
leeches (Limnatis nilotica) have been described. 

Intestinal parasites (e.g., Ascaridae, Capillariidae, Strongyloidi- 
dae, Strongylidae, Ancylostomatidae) have been sporadically 
described in captive animals but are usually not associated with 
clinical symptoms and are easily treated with anthelmintics com- 
monly used in large animals.” A case of coccidial infection of the 
placenta leading to premature expulsion of the fetal membranes in 
a captive common hippo has been recently described. 


Noninfectious Disease 


oninfectious diseases have been reported on a single case basis in 
he two hippo species. These diseases are mostly similar to those 
found in domestic equids and ungulates and have been listed 
previously.” 
Canines and incisors grow continuously in hippos and may reach 
impressive lengths. Tusk fractures and abnormal growth are a fre- 
quent finding in the common hippo. In both species, abnormal 
ength of teeth may constitute a problem. These dental abnormalities 
may lead to oral lesions, penetrating wounds, and persisting fistulas. 
Tusks are easily shortened by using a Gigli wire-saw or various 
adapted power tools (Figure 59-1).'° 

In the pygmy hippo, polycystic kidney disease (PKD) has been 

reported on several occasions. “””” Various clinical signs have been 
reported in conjunction with PKD, including inter alia, anorexia, 
polydipsia, polyuria, and hind leg weakness.”’ If PKD is suspected, 
ultrasonography should be performed. 
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REPRODUCTION 
Females 


Determining the sex of the hippo from a distance may represent a 
challenge. The vulva is difficult to visualize, as it lies hidden in the 
perineal folds. The common hippo reproduces well in captivity. 
Sexually mature at 3 years, females can have up to 25 calves during 
their estimated 40-year life span. Gestation lasts 240 days, and post- 
partum estrus in this species contributes to very short intercalving 
periods of 1.5 to 2 years." An enzyme Tao to determine 
progestagens in feces and serum is available.” Hippos are polyes- 
rous and have an estrous cycle length of 30 days.** This impressive 
reproductive potential poses significant challenges in captivity, since 
the holding capacity of facilities is limited. As a consequence, 
research into hippo reproduction is primarily focused on endocrine 
events and methods of contraception in females 

Contraception of the female hippo is possible with the use of 
synthetic progestins such as melengestrol acetate (MGA) in the feed. 
The Contraception Advisory Group (CAG) presently suggests 2 to 
3 mg/day/animal. Alternatively, medroxyprogesterone acetate (MPA) 
(800 mg every 6 weeks, intramuscularly [IM]), may be used (http:// 
www.stlzoo.org/animals/scienceresearch/contraceptioncenter/ 
contraceptionrecommendatio/contraceptionmethods/artiodactyls/). 
The disadvantages of these methods are that they have to be admin- 
istered on a regular basis. The duration of efficacy for MGA is most 
probably only 24 hours, so it must be administered daily, and MPA 
injections must be repeated every 6 vveeks.” 


Males 


Contributing to the difficulty in sexing hippos is the barely visible 
prepuce located on the ventral midline. Zoologic institutions must 
consider castration to control population growth and to minimize 
male-to-male aggression. Information on castration of hippos is 
limited in the peer-reviewed veterinary medical literature, and only 
very limited information in the gray literature is available. In the 
past, procedures have often failed because of anesthesia-related 
problems, knowledge gaps concerning the anatomy of the male 
reproductive tract, and intrasurgical difficulties in locating the 
testis (Klarenbeek, personal communication, 2008).'”° The location 
of the testes in the hippo is still often described as “internal” in 
analogy to cetaceans, which have true intraabdominal testes. 
However, in the hippo, the testes are actually partially descended 
and remain in the inguinal canal.'*’' A scrotum, as such, is not 
developed in the hippo. Possibly the first successful castration of a 
male hippo (estimated weight 1000 kg) was performed at the Auck- 
land Zoo in 1993.° In 1994, in Amsterdam, a hippopotamus had 
one testis removed, and in a subsequent procedure the epididymis 
was amputated from the second testicle.'” A castration is mentioned 
in a review paper on anesthesia in the hippo.” In Emmen Zoo, two 
sub-adult male hippos were successfully castrated (Klarenbeek, per- 
sonal communication, 2008). 

For castration, the hippo is rolled into a right lateral recumbent 
position. The dorsal hind leg is secured with a rope and slightly 
raised to provide access to the inguinal region for castration. Testes 
are not externally visible or manually palpable, and the location is 
highly variable, both on a horizontal and vertical plane, and varies 
some 40 cm in depth. Presurgical, transcutaneous ultrasonography 
is necessary to locate the testes in the inguinal region. Subsequently, 
the skin is incised just ventral of the located testes. If the testes 
cannot be located following incision, the ultrasonographic examina- 
tion is repeated in the incision with the use of a sterile cover on the 
ultrasound probe. The surgical technique is a species-specific modi- 
fication of standard equine castration techniques.” The most impor- 
tant difference to the various reported equine procedures is the actual 
location of the testes. Correct positioning of the dorsal leg in lateral 
recumbency is essential because when the leg is raised too high, the 
testes retract into the inguinal fold. Another factor of major differ- 
ence from the equine procedure is the very short spermatic cord 
of the common hippo, which does not allow the testes to be 


exteriorized. The entire procedure is necessarily performed at a 
depth of 20 to 30 cm inside the surgical wound. This is a particular 
surgical challenge and considerably complicates the intervention.’ 

Semen has been successfully collected from the pygmy hippo- 
potamus with the use of electroejaculation and preserved for up to 
7 days.” It has previously been shown that epididymal sperm extrac- 
tion in the common hippopotamus is feasible, and this can supple- 
ment a castration procedure.’ However, more work is needed on 
cryopreservation of the hippo semen so that the survival of the male 
gametes is improved.” 
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BIOLOGY 


UNIQUE ANATOMY AND PHYSIOLOGY 


Camelid evolution began in western North America, 40-50 million 
years ago. Old World camels (OWCs) crossed the Bering Strait land 
bridge during a glacial period in the Pleistocene Epoch, approxi- 
mately three million years ago. Likewise, New World camelids 
(NWCs) traveled south across the Central American land bridge 
around the same time. Both OWCs and NWCs continued evolving 
in harsh, but differing, environments. The two environments had a 
common characteristic of sparse, poor-quality forage for at least part 
of the year. See Table 60-1 for additional information. 

Camels have been domesticated for 4500 to 5000 years and 
NWCs up to 7000 years ago. No truly wild dromedary camels, 
Camelus dromedarius exist, but a sizable population of feral camels 
exists in the outback of central and Western Australia, a result of 
escape or purposeful release of camels imported into Australia during 
the 20th century. A small population (x1000) of wild Bactrian 
camels, Camelus Bactrianus ferus, exists in the Gobi desert of 
Mongolia.’ 

Present South American camel (SAC) wild species are the guanaco 
(Lama guanicoe) and the vicuña (Vicugna vicugna). Domestic species 
are the llama (Lama glama), and the alpaca (Vicugna pacos). Recent 
studies on the phylogenetics of SACs on mitochondrial deoxyribo- 
nucleic acid (DNA) strongly indicate that the alpaca evolved from 
the vicuña and the llama from the guanaco.° All camelids share the 
same number of chromosomes (2n = 74). SACs may interbreed natu- 
rally and with artificial insemination, producing fertile offspring. 
Likewise, camel species also interbreed. Hybrids of a dromedary 
male and a guanaco female have been produced with artificial 
insemination. 


In camelids, a foregut fermentation system and a rumination cycle 
evolved in parallel with the digestive systems of ruminants. It appears 
that the common ancestor of both lines had a simple stomach. Cam- 
elids have a three-compartment stomach (C-1, C-2, C-3), and the 
compartments are not analogous to the four compartments of the 
ruminant.’ All of the compartments of the camelid stomach have a 
glandular epithelium. Numerous other morphologic differences of 
the digestive system affect the diagnosis, treatment, surgery, and 
management of diseases in SACs. A greater omental sling is absent. 
The spiral colon has five coils. 

The dental formula for both Bactrian and dromedary camels is 
incisors (I) 1/3, canines (C) 1/1, premolars (P) 3/2, molars (M) 3/3. 
The upper incisor has migrated caudally and become caniniform. 
The first premolars of the upper and lower jaws have migrated ros- 
trally and have also become caniniform. This array of canine teeth 
(three in each upper jaw and two in each lower jaw), coupled with 
the unique ability of the camel to open the mouth widely, provides 
the camel with a formidable tool for offensive and defensive behav- 
iors, so handlers should be continually alert.’ 

The dental formula for NWCs is I 1/3, C 1/1, P 1-2/1-2, M 3/3. 
The upper incisor has migrated caudally to become caniniform. The 
canine teeth of the llama male are large and saber shaped and may 
be used to inflict lacerations on other male llamas and humans. The 
incisors of alpacas and vicufias have an open pulp cavity and con- 
tinue to grow similarly to rodents. 

Camelids have a fiber coat that is harvested and manufactured 
into garments. The finest fibers, with a diameter of 15 microns, are 
from the coat of the vicuña. The finest camel fiber is shorn from 
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Weight (adults, 
Scientific Name Common Name kilograms [kg]) Geographic Distribution Identification 
Camelus dromedarius Dromedary 660-1430 Middle East, North Single hump, color varies from nearly 
Africa, southern Asia white to dark brown 
Camelus bactrianus Bactrian camel 990-1520 China, southern Russia, Two humps, heavy fiber, short ears 
central Asia 
Camelus bactrianus Wild Bactrian camel = Unknown Gobi Desert, Mongolia Two small humps 
ferus 
Lama guanicoe Guanaco 100-120 Peru, Bolivia, south to Basic body color is light to dark reddish 
Tierra del Fuego brown above, whitish hair below 
White extends up behind the fore legs 
and in the front of the rear leg, around 
the perineum, inside of legs, and up 
the bottom of the neck 
Head, face, and ears are dark gray to 
black 
Vicugna vicugna Vicuña 38-42 High Andes of Peru, The basic body color is a yellowish light 
Height at withers Bolivia, Chile, and brown 
85-90 cm, at rump Argentina The white in front of the rear limbs may 
90-94 cm extend to the top of the back 
White bib on the chest 
No sexual dimorphism in color or size 
Lama glama Llama 113-250 Throughout Peru, Bolivia, | Numerous solid colors from white to 
northern Chile, and black 
Argentina Multicolors (pinto, appaloosa) also seen 
Vicugna pacos Alpaca 55-90 Similar to llama 22 solid colors recognized, ranging from 


white to black 


Bactrian camel yearlings (16-18 microns). The fiber diameter of the 
alpaca is 21 to 22 microns and llamas, guanacos and adult camels 
may reach 31 to 35 microns. 

Camelids have two digits on each foot (digits 3 and 4), with a 

nail, not a hoof, at the tip of each digit. The nail is attached to the 
corium of P3 by means of numerous lamellae. In the SAC, P-2 and 
P-3 lie in a horizontal plane just dorsal to a tubular fibroelastic digital 
cushion. In the camel, P-3 is horizontal, but P-2 is at approximately 
a 35-degree angle with the ground and P-1 is at 55 degrees, when 
the foot is flat on the ground but not weight bearing. When weight 
is applied, the angles become more acute as the digital cushion is 
compressed. In camelids, separate digital cushions for each digit are 
present ventral to the articulation between P-1 and P-2 and occupy- 
ing the caudal half of the foot. Each digital cushion consists of a 
central mass of adipose tissue surrounded by a thick capsule of 
fibroelastic connective tissue. The digital cushion gives this suborder 
of artiodactylids the name of Tylopoda (padded foot). The entire 
ventral surface of the camel foot is covered by a thick, cornified, but 
pliable sole or slipper. In SACs, the slipper is on each digit.’ 
Male dromedary camels have a palatine diverticulum (“dulaa”), 
which is an expandable diverticulum present on the ventral median 
aspect of the soft palate and which protrudes from the mouth when 
he animals are angry, agitated, frustrated, in rut, or sexually stimu- 
ated. Dulaa is an Arab word meaning “balloon-like structure.” Bac- 
rian camel males and females, as well as dromedary males castrated 
before or near puberty, do not extrude the dulaa.” 

Camels are uniquely adapted for dealing with heat and dehydra- 
tion. Camels are able to endure a diurnal fluctuation of body tem- 
perature, from 36.5°C to 42°C (97.7°F to 107.6°F), allowing them 
to avoid losing moisture through sweating during the day and 
becoming chilled in the cool desert night. Other species cannot 


tolerate such a fluctuation. Camels are able to sustain a 25% body 
weight loss as a result of dehydration without observable ill effects. 
Furthermore, they are able to rehydrate immediately when given free 
access to water. The elliptical erythrocyte of camels is able to swel 
to 240% of normal without rupturing. Other moisture-conserving 
adaptations include reabsorption of water from the bladder and 
concentration of urine to a thick syrup consistency before excretion. 
Also, feces are passed so desiccated that it may be used for fue 
immediately. 

When other lactating mammalian species are starved and lack 
sufficient water intake, their milk becomes more concentrated and 
diminishes in quantity. Even though a camel may be on a poor ration 
and may be dehydrated, its milk actually becomes less concentrated, 
allowing camel calves to obtain necessary fluids and be nourished at 
the same time. 

NWCs are adapted to cool weather and are not heat tolerant. 
Special care must be given them in hot, humid climates to prevent 
heat stress. 


HOUSING 


Camelids may be housed as other domestic livestock species, taking 
into consideration that dromedaries are adapted to hot desert envi- 
ronments and Bactrian camels are adapted to cool to cold desert 
environments. NWCs require minimal housing. They should be 
provided with protection from inclement weather, particularly harsh 
winds in extremely cold climates; however, these animals are often 
seen standing or recumbent in rain or snow storms, even when 
shelter is available. 

Guanacos and vicufias are social animals and generally tolerate 
close association with others of their own kind. Adult breeding males 
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should not be kept in the same enclosure to avoid fighting among 
males. 


FEEDING AND NUTRITION 


OWCs and NWCs have no unique nutrient requirements. They may 
be maintained on a diet of good-quality grass hay or mixed grass 
and legume hay. Supplemental feeding with concentrates is usually 
not necessary except for growing juveniles, working animals, and 
lactating females. Vitamin and mineral supplements are appropriate 
for specific regions. Numerous feeding regimens are used worldwide, 
indicative of the adaptability of these animals to available feed. 
Camelids consume approximately 1% to 2% of their body weight in 
dry matter when consuming good-quality forage. A maintenance diet 
should contain 10% to 14% crude protein and 50% to 55% total 
digestible nutrients (TDNs). During late gestation or heavy lactation, 
females should consume 60% to 65% TDNs.” 

Camelids that eat only native pasture plants may experience 
luctuation of body weight. During the dry season animals may lose 
weight that in other domestic animals could be fatal. NWCs have a 
feast or famine cycle. With the abundance of grass and shrubs avail- 
able in the rainy season, an NWC will gain significant weight by 
storing adipose tissue in muscles and retroperitoneal tissue in the 
abdomen. During the dry season, NWCs alter their metabolism to 
use up the stored fat. Management of NWCs maintained in zoos or 
kept as livestock in non-native countries may not have this normal 
cycle and may become obese with constant access to feed. 

It is important to monitor body weight periodically or perform a 
body condition evaluation in managed herds. Body condition is 
assessed by feeling the muscles over the withers and over the ribs. 
The accumulation of fat between both the forelimbs and hindlimbs 
should also be taken into consideration. The scoring is performed 
on the basis of either a 5-point or 10-point system. Low numbers 
indicate poor condition, medium-range numbers are considered 
normal, and high numbers indicate overconditioning or obesity. 


RESTRAINT 


A camelid’s response to restraint varies with its age and stage of life. 
Camelids have been domesticated for thousands of years and are 
easily managed if they are accustomed to handling by people. Train- 
ing has become important in the management of camelids and may 
obviate some of the following procedures. Improperly trained adult 
camelids (some zoo camels, privately owned camelids, feral camels) 
may inflict serious to fatal injuries on an unsuspecting handler. Even 
well-trained adult males may become belligerent and dangerous 
while in rut.* 

Camelid offensive and defensive behaviors include spitting, 
biting, and kicking. Spitting, which involves spewing the contents 
of the first compartment of the stomach, is aimed at people or other 
camelids when the animals become angry or frustrated. Biting may 
be dangerous, especially when a male camel bites, clamps on, and 
shakes its head, causing considerable contusions and severe lacera- 
tions. In camels, all four feet and legs may become formidable 
weapons. The front legs may strike out in any direction. The rear 
legs have the ability to reach forward to the extent of scratching the 
head. Thus, no place is safe around an untrained camel, compared 
with, say, a horse (at the side of the withers). 

NVVCs also spit and kick. Their kick involves a sweep forward 
and outward, similar to the kick of a bovine species. Other aggressive 
behaviors include charging and bumping. If a human victim is 
knocked down, which is most likely to happen, an aggressive 
camelid may stomp on the person as on another camelid knocked 
down during a fight. Llamas and alpacas may also bite, but do so 
rarely. 

The degree of psychological restraint that may be employed 
depends on taming and training. Camelids exhibit emotions by body 
anguage, particularly through its ear and tail positions. Ear position 
is not as apparent in camels as it is in llamas or alpacas because the 


ears of camels are not as long or as expressive, but they do reflect 
mood. The farther the ears are pulled toward the rear, the higher is 
the degree of agitation. The tail of an agitated camelid is elevated. 
Vocalization is an indication of a camelids displeasure. Restraint of 
even a mild degree is likely to elicit a long, complaining roar in a 
camel or a scream in an NWC. 

It is wise to take advantage of the social behavior of camelids and 
move them as a group to a smaller enclosure, through the alley way, 
and to the box stall or catch pen. This is particularly important when 
handling alpacas. 

Positioning a camel in sternal recumbency (“kushing”) provides 
an opportunity to closely examine or collect specimens for laboratory 
ests without risk of being kicked or struck. Either a leather strap or 
rope is used to place a simple or figure-of-8 loop around the front 
imb when the leg is flexed at the knee (carpus). If only the simple 
oop is used around the front leg, the camel may be able to rise to 
its knees. Most camels are trained to allow hindlimb physical 
restraint, in which a person on either side of the camel brings a soft 
cotton rope up behind the hindlimbs below the fetlock as the camel 
is being directed to kush (lie down). Once the camel is recumbent, 
he rope is placed medial to the stifles and tied tightly over the back 
behind the hump. Rising on the forelimbs is prevented by placing a 
oop over a flexed limb, extending the rope over the top of the neck 
and securing the opposite foreleg in the same manner. 

The method of catching a camelid and controlling the head 
depends on the experience and usual practice of the personnel 
involved. Camelids may be roped with a lariat, but the roper needs 
to be highly skilled. A loop may be placed around the neck to pull 
the head toward a barrier, thus allowing placement of some type of 
halter. 

Numerous types of chutes and stocks have been used to restrain 

camelids. One design may be constructed next to a barn or solid 
wall. A heavy post is set approximately 45 centimeters (cm; 1.5 feet) 
rom another post positioned next to the wall. A 2.5-cm (1-inch) 
hick sheet of marine plywood—1.2 meters m (4 feet) by 2.4 m 
(8 feet)—is fixed on the post with heavy bolt hinges. Another post 
may be attached on the inside of one post to narrow the openings 
in enclosures for smaller camelids. A post set 60 cm (2 feet) in 
he front of the shoulder posts allows the animal to be tied, thus 
restricting backward movement. Once the camelid is tethered, the 
gate(s) may be swung closed, restricting side motion. Bales of hay 
or straw may be placed behind the camelid if a rectal examination 
is necessary. 
Even the best-designed stock or chute is useless if the camelid 
will not enter it or cannot be led into it. Placement of the stock or 
chute in relation to the corral design is the key. If the chute is located 
in an area that is strange to a camel, or if a camel has not been trained 
o walk into the chute, handlers will be unable to force an adult 
camel to enter. Chutes for handling llamas or alpacas are available 
commercially in a variety of designs. 


Chemical Restraint 


Generally, it is not necessary to sedate trained camelids for routine 
diagnostic procedures. When dealing with camels having had little 
or no taming or training and if chutes or stocks are not available for 
physical restraint, it may be necessary to administer a tranquilizer 
or chemical immobilizing agent before procedures. Numerous agents 
have been administered to camelids for this purpose (Table 60-2). 
Availability, cost, and experience in using the agent may dictate the 
choice of agent.’ 

As noted, camelids are able to regurgitate stomach contents easily, 
so passive regurgitation during immobilization is a common hazard. 
A mature camelid should be fasted for 36 hours prior to performing 
any elective procedure. Water should be withheld for 10 to 12 hours. 
Even this partial emptying of the first compartment of the stomach 
does not guarantee that regurgitation will not occur. If at all possible, 
the camelid should be kept in the sternal position; if lateral recum- 
bency is required, the camelid should be placed on its right side to 
allow for eructation of gas. The neck should be slightly elevated, and 
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Dose (milligram per kilogram, 


Generic Name Trade Name intramuscularly [mg/kg, IM]) Reversal Agent/Dose (mg/kg) 

Xylazine hydrochloride (HCI) Rompun 0.1-0.4 Yohimbine (Antagonil®, yobine’) 0.125- 
0.25 mg/kg 

Tolazoline HCI (Tolazine”) 0.5-5 mg/kg 

Xylazine/butorphanol Rompunytorbugesic? 0.2/0.05 Tolazoline 0.5-5 mg/kg 

Butorphanol tartrate Torbugesic 0.05-0.1 aloxone (Narcan‘) 0.1-0.25 mg/kg, 
intravenously (IV), plus 0.04—0.07, 
subcutaneously (SC) 

Diazepam Valium* 0.05-0.3 Flumazenil (Mazicon”) 1-2 mg/kg, IM 

Midazolam HCI Versed“ Flumazenil 

Acepromazine maleate Promace® 0.05-0.1 one 

Propionylpromazine Combelen' 0.03-0.2 one 

Xylazine/ketamine Rompun/Vetelar? 0.25-0.4/2-3 Tolazoline for xylaxine 


Xylazine/ketamine/ Rompun/Vetelar/Torbugesic 


0.1/2-3/0.05-0.1 


Tolazoline for xylazine 


butorphanol 

Meditomidine/ Domitor’/Vetelar 0.06-0.08 /2-4 Atipamesole for meditomidine, 4 to 5 times 

Ketamine dose of meditomidine, 0.1-0.15 mg/kg, IV, 
rest SC 

Tiletamine/zolazepam Telazol*/Zoletil 2-3 Flumazenil for zolazepam 

Diazepam/ketamine Valium/Vetelar 0.2-0.3/5-6 Flumazenil for diazepam 


. Bayer, P.O. Box 390, Shawnee, KS, 66201. 

. Farmos Pharmaceuticals, P.O. Box 425, SF, 20101, Turku, Finland. 
. Fort Dodge Laboratories, P.O. Box 518, Fort Dodge, IA, 50501. 

. Hoffman-La Roche, Nutley, NJ, 07110. 

. Lloyd Laboratories, P.O. Box 86, Shenandoah, IA, 51601. 

. Pfizer Inc., 812 Springdale Drive, Exton, PA 19341. 

. VEDCO, Route 6, Box 35A, St Joseph, MO 64504. 

. Wildlife Pharmaceuticals, 1401 Duff Dr., Fort Collins, CO 80524. 
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the muzzle should be allowed to drop so that if regurgitation occurs, 
the ingesta can flow out of the mouth rather than pooling in the 
pharynx and subsequently being inhaled into the trachea. 

Drugs may be administered with standard equipment used to 
immobilize wild animals. In a confined space, a stick-pole syringe is 
ideal. A blow gun is very useful, but the maximum volume may be 
too low for larger camels. 


ANESTHESIA AND SURGERY 


Anesthesia for short procedures may be achieved through an exten- 
sion of immobilization with injectable agents. Inhalation anesthesia 
is recommended for prolonged surgery. Isoflurane, sevoflurane, and 
halothane are suitable agents, but isoflurane and sevoflurane provide 
more rapid induction and recovery. 

Disorders requiring surgery in OWCs include superficial and 
deep abscesses, skin lacerations, salivary fistula, prolapsed palatine 
diverticulum, esophageal obstruction (choke), gastric foreign bodies, 
intestinal obstruction, rectal prolapse, scrotal bite wounds, hema- 
toma of testicle, preputial prolapse, phimosis, paraphimosis, urethral 
obstruction, perineal laceration, corneal laceration, eye enucleation, 
and fractures of long bones.’ A special fracture, which has a 
high prevalence in male camels, is fracture of the mandible. This 
condition is diagnosed and managed in the same way as in livestock 
and horses, taking into consideration variation in anatomy. Addi- 
tional surgeries reported include dental surgery for avulsion of 
the incisors, castration, cryptorchid castration, cesarean section, and 
ovariohysterectomy. 

Disorders of NWCs that require surgery, in addition to those 
reported in camels, include retained deciduous incisors, alveolar 


abscesses, hernias, atresia ani, prolapse of the vagina, persistent 
hymen, uterine torsion, uterine rupture, urinary bladder rupture, 
patent urachus, carpal flexor contraction, and angular limb defor- 
mity. Additional surgeries reported include disarming canine teeth, 
trimming incisors, extraction of cheek teeth, tracheostomy, laparot- 
omy, gastroenterotomy, vasectomy, and limb amputation. 


DIAGNOSTIC PROCEDURES 


In camels, venous blood may be collected from the jugular vein or 
the lateral thoracic vein. In SACs, several sites may be used. Most 
commonly, the jugular vein is accessed high on the neck behind the 
ramus of the mandible or low, medial to the ventral processes of fifth 
and sixth cervical vertebrae. Blood may also be collected from the 
brachial vein on the anterior aspect of the forearm or the middle 
ventral tail vein. In NWCs, the tail vein is superficial, rather than 
deep, next to the coccygeal vertebrae, as it is in cattle. The needle is 
inserted through the skin, and negative pressure is established on 
the syringe plunger, which is inserted deeper. Other blood collection 
sites include the lateral vein on the pinna of the ear and the saphe- 
nous vein on the medial aspect of the stifle of a lateral recumbent 
SAC. A syringe with a 20-gauge (G), 1.5-inch needle is enough for 
blood collection, even in a large llama or camel. The placement of a 
jugular catheter for intravenous administration is done using a 16-G 
or 18-G catheter. For crias, a 20-G catheter is suitable. After insertion 
of the catheter, a butterfly connector is attached, and the intravenous 
line may be left in place and secured to the neck with elastic bandage. 
The author has maintained the same catheter for 14 days. Tables 
60-3 and 60-4 provide information on the hematologic parameters 
and serum biochemistry for camelids. 
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Blood may be collected from an SAC cria by a single person 
straddling the sternally recumbent cria. The operators left arm holds 
the neck of the cria against his or her left leg. The left thumb presses 
the lower jugular vein and the right hand is free to place the needle 
into the vein. 

Cardiac assessment and auscultation of lung sounds requires a 
stethoscope placed on the lower thorax in the relatively fiberless area 
just caudal to and above the elbow. Other diagnostic procedures 
similar to those used on cattle or horses may be performed. 


DISEASES 
Infectious Disease 


Common infectious diseases of camels include enterotoxemia 
(Clostridium perfringens, C and D), salmonellosis, colibacillosis, para- 
tuberculosis, tuberculosis, camel pox, and contagious ecthyma. 
Occasional infectious diseases include botulism, anthrax infection, 
hemorrhagic diathesis (Bacillus cereus), hemorrhagic septicemia 
(Pasteurella multocida), leptospirosis, tetanus, rabies, influenza, foot- 
and-mouth disease, opportunistic gram-negative infections (Proteus 
spp., Enterobacter aerogenes, Klebsiella pneumoniae, and Campylo- 
bacter spp.), dermatophylosis (Dermatophylus congolensis), and papil- 
lomatosis. Encephalomyocarditis has been diagnosed only rarely in 
dromedaries. ” 

SACs have only one unique infectious disease, mycoplasmosis, 
which is caused by Mycoplasma hemolamae, this disease was previ- 
ously thought to be a parasitic disease caused by Eperythrozoon spp. 
but is now classifted as having a bacteriologic etiology. The clinical 
syndrome varies from nonclinical anemia to severe anemia. The 
pathogen is transmitted by blood sucking arthropods. 

Viral diseases are not common in camelids, but Eastern equine 
encephalomyelitis, VVest Nile virus disease, and rabies have been 
reported. Also, equine herpes virus, type 1, has been reported 
o have caused blindness and encephalitis in llamas and alpacas. 
The following bacterial diseases may be regionally prevalent: 
enterotoxemia (C. perfringens, type A, type C, and type D), colibacil- 
osis (Escherichia coli), and actinomycosis. Common fungal infec- 
ions include dermatophytosis (ringworm, Trichophyton verrucosum, 
Microsporum spp.) and coccidioidomycosis (Coccidioides immitus). 
Additional uncommon bacterial diseases include botulism, 
etanus, malignant edema (Clostridium septicum), brucellosis (Brucella 
melitensis), necrobacillosis (Fusobacterium necrophorum), corynebac- 
eriosis (Corynebacterium pseudotuberculosis), staphylococcosis, and 
infection with the anaerobe Bacteroides fragilis. Cryptococcosis has 
been reported in a vicuña. Opportunistic gram-negative organisms 
such as Pseudomonas spp. and Klebsiella spp. may also cause infec- 
ion. Uncommon viral diseases include rabies, vesicular stomatitis, 
contagious ecthyma, equine herpesvirus type 1, and Borna disease. 
Tables 60-5 and 60-6 provide more details on selected diseases. 

Diseases rarely reported and to which the NWCs have a high level 
of resistance include foot-and-mouth disease, bovine virus diarrhea, 
Johne disease (Mycobacterium paratuberculosis), and tuberculosis 
(Mycobacterium bovis and Mycobacterium spp). 


Parasitic Disease 

The management of parasitism is important in camelids. Tables 60-7 
and 60-8 provide some details on selected important parasites. 
Noninfectious Disease 

Selected noninfectious diseases in camelids are listed in Table 60-9. 


PREVENTIVE MEDICINE 


The parasite load of camelids should be monitored and managed 
appropriately. Immunizations vary with locality but should include 
protection against tetanus, leptospirosis, enterotoxemia types D and 
C, and rabies. 


REPRODUCTION 


The female camelid is an induced ovulator. No true estrous period 
exists. The follicular cycle of NWCs and OWCs follow a similar 
pattern. In NWCs, follicles grow and regress in an average time of 
10 to 12 days, with ovaries alternating, in 85% of the cases, for 
presence of mature follicles. Studies of ovarian follicle dynamics with 
he use of laparoscopy and ultrasonography, correlated with hormone 
concentrations, revealed that follicles grow, mature, and regress in 
an overlapping wavelike pattern (follicular wave). Estrogen levels 
rom follicular activity are generally high enough to stimulate a 
emale NWC to be receptive to a male unless she is pregnant or has 
recently bred. 

The reproductive cycle of the camel is similar to that of the NWC, 
with one notable exception. In the camel, the follicular waves are 
spaced further apart, which allows estrogen levels to diminish and 
sexual receptivity to cease for a few days. This pause in sexual recep- 
tivity seems to mimic the estrous cycle of most other mammals. 
However, ovulation does not occur without copulation. 

During copulation, the female SAC is in sternal position, and 
copulation lasts for about 20 minutes. Ovulation occurs 24 to 36 
hours after copulation. Implantation occurs by 20 to 22 days after 
copulation.*” The corpus luteum is present and functioning during 
the entire pregnancy period. Fetus is usually located in the left 
uterine horn, but the placenta spreads into both uterine horns. The 
placenta is diffuse and epitheliochorial."”” Normal delivery of the 
SAC fetus is rapid, lasting no more than 10 minutes. 

The placenta is usually expelled within 2 hours following parturi- 
tion. Resumption of ovarian follicular activity begins a week after 
parturition, but uterine involution takes 14 to 21 days. Camelids 
have a fourth fetal membrane that arises from the epidermis of 
the fetus in late pregnancy. This thin epidermal membrane is 
unique to camelids. It envelops the fetus but is attached at body 
orifices and at the coronary band of the toenails. Its precise 
function is unknown. 

The penis in the male camelid has a sigmoid flexure, similar to 
that of a bull or ram. The prepuce is directed caudally in a nonsexu- 
ally aroused male. Urine is directed caudally without extrusion of 
the penis. The scrotum of camelids is nonpendulous, and closely 
opposed to the body just ventral to the ischial arch. 

Male NWCs have no breeding season and will mate any time 
when nonpregnant females are available. Male OWCs have a defined 
breeding period, called rut, which is an androgen-driven seasona 
change, recognized by the secretion of a foul-smelling brownish 
liquid from the poll glands. While urinating, the camel spreads his 
hindlimbs and flips his tail up and down, throwing urine up and 
over the back. Accumulation of dirt in the urine-soaked hair fibers 
may produce a heavily-odoriferous crust on the back. At the same 
time, saliva, whipped into froth, starts to flow from the mouth, and 
the dulaa is extruded. All the while, the male grinds its teeth and 
emits a gurgling or blubbering roar. This behavior is most often 
exhibited when another male is near, but the display may be used 
around people when the camel is agitated. 

Semen deposition occurs within the uterine horns, and the 
male begins to ejaculate after passage of the penis through the cervix 
of the female. Ejaculation is a continuous process, with no pelvic 
thrust as in rams or bulls; however, the male repositions the penis 
intermittently within both uterine horns while ejaculating. Semen is 
thick and gelatinous in appearance. Camelids do not have seminal 
vesicles. Spermatozoa are trapped with the seminal plasma; the 
presence of this plasma makes it difficult to evaluate semen. See 
Table 60-10 for more information on the reproductive characteristics 
of camelids. 
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TABLE 60-6 
Disease Etiology Epizootiology Signs Diagnosis Management 
Enterotoxemia Clostridium Ingestion Sudden death, colic Monoclonal antibody Correct environment 
perfringens, recumbency, bloat, panel, polymerase Intensive supportive 
type A depression, anorexia, chain reaction care 
convulsions, coma, (PCR), history, Antibiotics for 
opisthotonos lesions secondary infection 
Retinal degeneration Equine Transmission unknown Blindness, Clinical examination, Blindness is 
herpesvirus, nonresponsive retinal degeneration permanent 
type 1 pupils, encephalitis Vaccination in face of 
an epizootic 
Coccidioidomycosis, Coccidioides C. immitis is a soil Dyspnea, and variable, Culture, cytology, agar Prognosis poor, 
valley fever immitus fungus found in certain depending on where gel immunodiffusion amphotericin B and 
desert soil types the organism (AGID), complement other fungicidal 
If the soil is disturbed, disseminates fixation (CF) antibiotics 
arthroconidia become Dermatitis 
windborne and inhaled, 
then convert to the 
yeast form 
TABLE 60-7 
Location in Host 
Disease Etiology Adult Immature Diagnosis Management 
Nagana, Trypanosoma Peripheral blood, Intermediate host is the | Observation of the Control insects 
trypanosomiasis brucei lymph nodes, tsetse fly (Glossina) trypansomes in peripheral Treatment with 
liver blood, lymph nodes, liver trypanocides 
Serologic testing 
Surra, Trypanosoma Peripheral blood, No intermediate host Observation of Control insects 
trypanosomiasis evansi parenchymal needed trypanosomes in Treatment with 
organs Biting flies are peripheral blood trypanocides 
mechanical vectors Clinical signs (fever, 
depression, weakness, 
edema, pulmonary edema, 
anemia, emaciation) 
Nasal bot Cephalopina Free-flying fly Nasal pharynx and nasal Clinical signs, endoscopy Ivermectin 
titilator cavity 
Whipworms Trichuris spp. Cecum and colon Larvae in wall of anterior Fecal flotation Aggressive anthelmintic 
small intestine administration 
TABLE 60-8 
Location of the 
Parasite Etiology Adult in Host Clinical Signs Diagnosis Management 
Deer nasal bots Cephenemyia spp. Nasopharyngeal Sneezing, coughing, Radiography, Double dose of 
granulomas noisy breathing, endoscopy ivermectin 


exercise intolerance 


Spinose ear tick 


Otobius megnini 


External ear canal, 


Head shaking, scratching, 


Observation of ticks in 


Acaricide, removal 


perianal region exudation from the ear the ear canal, and of ticks 
around tail 
Mange mites Sarcoptes scabei In or on the skin Alopecia, crusts, Skin scrapings Insecticides 
Chorioptes sp. thickening of the skin 
Psoroptes sp. 
Lice Damalinia breviceps On the skin Alopecia, pruritus Direct visualization, skin Insecticides 


Microthoracis cameli 


scrapings 
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TABLE 60-8 
Location of the 
Parasite Etiology Adult in Host Clinical Signs Diagnosis Management 
Thread-necked Nematodirus battus Small intestine Diarrhea Fecal flotation, ova are Anthelmintics 
strongyle large 


Meningeal worm 


Parelaphostrongylus 
tenuis 

White-tailed deer is 
definitive host 

Intermediate hosts are 
terrestrial snails 


Spinal cord, brain 


Lameness, ataxia, 
stiffness, circling, 
blindness, hypermetria, 
paresis, paralysis, 
abnormal head position 


Signs, history of 
exposure to 
white-tailed deer 

Eosinophils in 
cerebrospinal fluid 


Anthelmintics 
monthly during 
the snail season 


Whipworms Trichuris tenuis Colon, cecum Weight loss, diarrhea, Fecal flotation, ova Anthelmintics, high 
Trichuris ovis anemia have double doses (2-3x), 
operculae repeated every 3 
weeks 
TABLE 60-9 
Disease Etiology Prevalence Signs Management 
Myopathy, Selenium or vitamin E Regionally common with Dyspnea, inability to eat, Supplement the diet, 
nutritional deficiency supplementation stiffness, paresis, Selenium or vitamin E 
paralysis injections 
Rickets Vitamin D deficiency and Regionally common Lameness, reluctance to Vitamin D iniections, oral 
hypophosphatemia run and play, cessation of dosage vvith vitamin D 
grovvth, excessive paste 
recumbency, standing 
humpbacked, swollen 
carpi and tarsi 
Hyperthermia High ambient temperatures Unfortunately quite common Elevated body temperature, Rapid cooling with cold-water 
and humidity, excessive in many of the contiguous depression, convulsions, enemas, fluids to counter 
exercise in hot climates states, especially the colic, increased heart rate hypotension 
southern tier of states 
Hypothermia Primarily a neonatal problem (Common in northern states Low body temperature, Immerse in warm water, 


caused by low ambient 
temperatures 

Premature crias especially 
vulnerable 


without proper protection 
at the time of birth 


depression, coma, 
decreased cardiac output 


hot-water bottles, heat 
lamps 


TABLE 60-10 


Parameter Llama/Alpaca Dromedary Camel Bactrian Camel 
Karyotype (2n) 74 74 74 

Puberty, age (years) >1 3-4 2-3 

Follicular cycle (days) 12-20 26 28 


Receptivity detection 


Accepts the male 


Becomes restless, bleats, attracted 
to male, moves tail up and down, 
accepts copulation 


Becomes restless, bleats, attracted 
to male, moves tail up and down, 
accepts copulation 


Duration of copulation 


5-55 minutes 


7-22 minutes 


1-6 minutes 


Gestation, days 


335-350 


365-410 


374-419 


Pregnancy determination 


Rectal palpation, ultrasonography, 


progesterone level 


Holds tail horizontal or curled up 
over back, rectal palpation, 
ultrasonography, progesterone 


Holds tail horizontal or curled up 
over back, rectal palpation, 
ultrasonography 


Placentation 


Diffuse epitheliochorial 


Diffuse epitheliochorial 


Diffuse epitheliochorial 


Semen volume 


0.8-4 mL 


1.0-12.5 


Size of spermatozoa 


49 +/—- 2 total length, head 5.3 um 


51 +/- 1, head 6.6 um 


43 +/- 2, head 6 um 
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CH əmin O 1 
Giraffidae 


Mads F. Bertelsen 


BIOLOGY'**” 


Two species exist within the artiodactylid family of Giraffidae; the 
giraffe (Giraffa camelopardalis) and the okapi (Okapia johnstoni). 
Giraffids first arose eight million years ago during the Miocene 
period, and fossil evidence suggests that the family was once much 
more extensive, with over 10 fossil genera described. 

Up to nine races or subspecies of giraffe have been described, 
although genetic research and the fact that distinct morphologic 
distinctions between groupings exist despite the lack of physical 
boundaries have led some authorities to consider several distinct 
species. The subspecies most commonly held by zoos are the reticu- 
lated giraffe (Giraffa camelopardalis reticulata), the Rothschild giraffe 
(G-c. rothschildi), and the Masai giraffe (G.c. tippelskirchi). Once wide- 
spread across the African continent, giraffes are now largely confined 
to national parks and game farms in eastern and southern Africa, 
with scattered populations in west Africa. 

Because of its height, the giraffe has access to browse unavailable 
to other species and thus may coexist with grazers and smaller 
browsers and even livestock. Adult giraffes are rarely preyed upon 
by predators, but calf mortality is high. Giraffes are sociable animals 
usually found in dynamic, ever-changing groups, the most stable of 
which are those composed by mothers and their young. Subadult 
males are social, whereas mature males become more solitary. 

With an estimated 80,000 animals left in the wild, the giraffe is 
classified by the International Union for the Conservation of Nature 
(IUCN) as a species “Of Least Concern.” However, several of the 
subspecies are now considered “Endangered” (e.g., West African and 
Rothschild). At least 2000 giraffes are maintained in captivity, making 
the captive population self-sustaining. 

Discovered by science only as recently as 1901, the okapi was 
the last large African mammal species to be described. The okapi is 
now endemic to the Democratic Republic of the Congo in central 
Africa, where they inhabit dense damp forests on both sides of the 
Congo River. Okapis are diurnal and live alone, in pairs, or in small 
family groups, but relatively little is known about their social struc- 
ture, largely because of their remote habitat and timid nature. 


Estimated remaining wild population is between 10,000 and 35,000, 
and the fate of these animals is closely linked to the unstable political 
climate of the region. The okapi is listed as “Near Threatened” by 
the IUCN but is not listed on the Convention on International Trade 
in Endangered Species (CITES) Appendix. With less than 200 
animals in captivity, the okapi population is considered fragile. 


UNIQUE ANATOMY'**7 
Giraffe 


With a height of up to more than 5 meters (m), giraffes are character- 
ized by their extremely long necks and long legs, with considerably 
longer forelimbs than hindlimbs. The head is fairly small, with two 
horns or ossicones and a central osseous protuberance, which is 
particularly developed in the males. The tongue is long and flexible, 
its distal 20 cm pigmented. Mature males weigh 850 to 1950 kilo- 
grams (kg) and females 700 to 1200 kg. The internal anatomy of 
giraffes is analogous to that of the domestic cow and other artiodac- 
tylids. The dental formula for giraffes is incisors (1) 0/3, canines (C) 
0/1, premolars (P) 3/3, molars (M) 3/3, for a total of 33. Often, the 
gallbladder is absent, although it occurs in some individuals. Two 
jugular veins run immediately under the skin on either side of the 
ventral neck. 

The skin varies in thickness from being thin on the ears and 
medial aspects of the legs to being thick along the neck and lateral 
body. The thick skin aids in edema prevention in the lower leg and 
forms a dermal armor for protection against predators or fighting 
with conspecifics. The dark patches of the skin have been suggested 
to have a thermoregulatory role in acting as regions where heat loss 
to the environment is enabled by selective vasodilation. 

The relative lung mass as well as volume is only approximately 
60% of that of other mammals, and the lung volume-to-body mass 
ratio decreases during growth.*’ The extremely long trachea has a 
diameter significantly narrower than in similar-sized mammals, so 
the dead space volume, although greater than in most species, is not 
as large as could be expected and is compensated for by a slightly 
larger tidal volume.” 


Previously described as extraordinarily large, the giraffe heart has 
a relative weight of approximately. 0.5% of body weight, which is 
essentially identical to that of other mammals.“ The basis for the 
massive blood pressure generated is smaller ventricular radii and an 
unusually thick left ventricular wall with oblique muscle fibers. The 
giraffe vein has a venous valve layout similar to that in other large 
mammals, and no arterial valves exist.” 


Okapi 

The okapi reaches a head-to-body length of 200 to 210 cm and a 
shoulder height of 150 to 170 cm and has a body weight of 
200-300 kg. Females are larger than males. The eyes and ears are 
large, and the tongue long enough to reach the ear base. Males have 
a pair of short-haired ossicones that are directed backward. The body 
is short and compact with a sloping back, as in the giraffe, but the 
neck is much shorter. Available information on okapi anatomy and 
physiology is limited, but the dental formula and internal anatomy 
resemble those of the giraffe. 


UNIQUE PHYSIOLOGY®22424349 


To compensate for the hydrostatic challenge of perfusing the brain, 
the giraffe heart generates a blood pressure twice that of other 
mammals, and its cardiovascular anatomy and physiology have been 
subject to considerable speculation and myths. Both stroke volume 
and cardiac output are lower than in similar-sized mammals. Blood 
volume is unusually low, and compliance of the vascular system is 
also low. The peculiar vascular anatomy—with narrow, rigid veins 
with low compliance in the legs and large, compliant veins in the 
neck region—gives rise to an interesting and nonintuitive physio- 
logic phenomenon.° When the head of the anesthetized giraffe is 
lowered, blood pressure at head-level briefly spikes, before returning 
to much lower values. The lowering of the blood pressure coincides 
with pooling of blood in the compliant jugular veins, giving rise to 
a decreased cardiac preload and consequently lower systemic blood 
pressure (Frank-Starling mechanism). As a consequence of this 
mechanism, the arterial pressure at head level is maintained at or 
near 100 millimeters of mercury (mm Hg), and the central blood 
pressure is directly proportional to the position of the head relative 
o the heart. Because of the high arterial pressures and the hydrostatic 
pressure, the arterial pressure in the lower leg may exceed 
450 mm Hg. Edema in this region is prevented through a gravity- 
suit-like fascia and skin, prominent lymphatics, and well-developed 
valves in veins and lymphatics, as well as an abrupt narrowing of 
he arterial lumen at the level of the elbow or stifle. 

The giraffe kidney experiences much higher pressures compared 
with the human kidney and appears to cope with this through a 
fibrous capsule and an increased interstitial pressure of about 30 to 
40 mm Hg. This means that normal kidney perfusion depends on a 
mean arterial pressure of at least 130 mm Hg. 

Similar to camels, the giraffe is capable of varying the body tem- 
perature within a couple of degrees Celsius, saving energy otherwise 
needed for increasing the temperature at night and cooling during 
daytime. 


SPECIAL HOUSING REQUIREMENTS? 


Giraffes may learn to lower their heads to walk through doors only 
slightly higher than their withers; however, stressed or sedated 
animals will often not do this, which necessitates high doors for a 
giraffe house. 

Soft flooring and lack of exercise may lead to overgrowth of feet 
and the need for trimming, so the giraffe should be encouraged to 
walk on abrasive surfaces. Coarse gravel may be used on top of 
concrete to provide traction and wear. Neonates require sure footing 
and do best when born on pasture or a thick layer of bedding to 
prevent splaying. 

Giraffes have a high surface-to-volume ratio and are adapted to 
tropical climates. In moderate climates, they may be maintained in 
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outdoor enclosures year-round. In temperate climates, access to 
stables heated to the range of 18°C to 24°C (65°F-75°F) must be 
provided, and in subzero temperatures, outdoor access should be 
restricted. 

Both okapis and giraffes are prone to sterotypies, particularly 
those involving the tongue, and it is important to incorporate in 
enclosure design pulleys and other systems to provide browse and 
enrichment items at head level. When designing facilities for giraf- 
fids, the logistics of loading and unloading animals should also be 
considered. Ideally, narrow walkways leading to an appropriate 
docking ramp for transport vehicles should be incorporated into the 
design. 


FEEDING 


Both giraffes and okapis are selective browsers seeking out the high- 
nutrient components of plants such as fresh leaves and buds. In the 
wild, giraffes mainly feed on Acacia species, and the natural diet of 
the okapi includes a variety of species. In an attempt to avoid nega- 
tive energy balance, captive diets have traditionally contained high 
levels of protein (1596—2096) and starch (2096—3096). Based on wild 
diets, current recommendations include crude protein levels of only 
0%-14%, starch levels below 5%, fat 296—596, and high amounts 
of fiber (minimally 25% acid detergent fiber) all based on a dry- 
matter basis.” Care should be taken to keep calcium levels high and 
phosphorus levels low. The new diet regimens have recently been 
shown to lead to increased serum levels of magnesium as well as n3 
and nó fatty acids and decreased levels of phosphorus and saturated 
fatty acids”””) so that blood nutrient profiles more closely match 
those of free-ranging giraffe.”° 
The importance of browse, for both the nutritional value and the 
behavioral well-being of animals, cannot be overstated and browse 
should be provided to the greatest extent possible, but good-quality 
hay and alfalfa as well as silage may be substituted. Surplus buds 
and twigs from rose growers have been used successfully in okapis.” 
The precise mineral and vitamin requirements of giraffids have not 
been established, but animals should have access to trace mineral 
salt blocks, and copper supplementation should be considered if 
deficiencies are suspected. 


RESTRAINT AND HANDLING 


Giraffes may be quite tame and may become habituated to some 
manipulation, including blood sample collection and light hoof trim- 
ming; however, many individuals do not respond well to this 
approach. The safest nonchemical method for collecting routine 
samples and closely examining animals is to accustom them to a 
chute during daily routines. Forced physical restraint without spe- 
cialized stalls or chutes is likely to be unsuccessful and dangerous. 
Giraffes may deliver a formidable kick with all four legs in essentially 
any direction. In tall narrow chutes, with secure footing for person- 
nel as well as animals, giraffes may be physically restrained for minor 
procedures such as injections, blood collections, tuberculosis testing 
and so on, but the risks involved for the animal as well as the staff 
should be kept in mind. Okapis respond well to training and positive 
reinforcement and poorly to physical restraint. 

Once they get started, giraffes have the tendency to keep walking 
along hallways and so on, which may be exploited for crating or 
loading into vehicles. A curtain with a weight at the bottom, which 
will fall from a horizontal position to a vertical position behind the 
animal when released, may be helpful to encourage the animal to 
take that last step into an unknown crate. 


CHEMICAL RESTRAINT 


Giraffe anesthesia remains a challenge because of considerations 
of size as well as the peculiar anatomy and physiology of these 
animals; however, several good protocols and excellent information 
resources are now available.” 
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Standing Sedation 


Standing sedation may work well, but ataxia may develop, so it is 
important to be prepared for the animal to go down unexpectedly. 
A chute or restraint device is ideal, but a large door that can close 
off a triangular space may provide a similar confined area. Several 
drug combinations have been used with success for procedures such 
as clinical examinations, hoof trimming, reproductive manipulation, 
minor surgery, and catheter placement (Table 61-1). 


Immobilization and Anesthesia 


Two main schools in giraffe anesthesia exist: (1) opioid-based proto- 
cols’!'°°°" and (2) ketamine, combined with high-dose medetetomi- 
dine.” ” The latter approach has been popular over the past decade 
because of the avoidance of an opioid component and relatively 
smooth inductions; however, it may result in hypertension and 
tachypnea, and re-sedation from medetomidine as the reversal agent 
wears off is a real concern. The opioids, however, may induce excita- 
tion and hyperthermia if underdosed and result in hypoventilation 
when used in high dosages. A compromise, which involves incorpo- 
rating opioids, ketamine, and O)-agonists in one protocol, appears 
to be the best solution so far.''** Refer to Table 61-1 for suggested 
protocols. 

The giraffe has traditionally been considered one of the most 
challenging animals to anesthetize, and most problems arise during 
induction and recovery. The key to success is careful planning 
and the availability of trained personnel and necessary equipment. 
The ideal induction occurs in a well-designed restraint device, which 
may be opened fully once the animal is recumbent. The second-best 
solution is a chute-system, where a halter may be placed on the 
sedated giraffe prior to induction, which will allow control of the 
head via a rope and pulley. The third-best option is to place a loop 
of thick rope around the base of the neck of the sedated animal and 
“walk” the animal to an open area with no obstacles, where it is made 
o walk in circles, with one to three handlers holding the rope. The 
animal is then tripped with another rope while still awake enough 
o maintain some control of the head during the fall. If neither of 
these options are available, the animal may be allowed to become 
recumbent in a padded stall or at least in an area without major 
obstacles. In either case, it is crucial to gain control of the animals 
head as soon as it becomes recumbent, as most injuries occur when 
he heavily sedated giraffe attempts to stand and falls again. 

For anesthetic induction in okapi, a padded restraint device is 
he safest option, but a quiet stall with sure footing will suffice. With 
opioid-based protocols, induction may sometimes result in excite- 
ment or tumbling. A staged approach, in which sedatives are allowed 
o set in for 15 to 20 minutes prior to opioid administration, is 
preferable, and once the opioid takes effect, two experienced helpers 
may use mild physical restraint with mattresses or boards to prevent 
injury. ” 

Regurgitation under anesthesia may be a concern in both giraffes 
and okapis, but particularly in the latter. The frequent early reports 
of regurgitation in okapis sedated with Immobilon (etorphine and 
acepromazine) was attributed to etorphine but likely largely was a 
reaction to acepromazine, which this author considers contraindi- 
cated in okapis. In animals fed mainly hay and pelleted feed, with- 
holding food and water for 12 hours prior to a planned procedure 
is sufficient, but in animals eating large amounts of fresh browse, a 
24-hour period is advisable. To minimize pulmonary compromise 
and ventilation—perfusion mismatch, a sternal position is preferable, 
when feasible, but giraffes generally do well in lateral recumbency 
or shorter periods. To reduce the risk of regurgitation and to stabi- 
ize blood pressure (see Unique Physiology section), the head should 
be elevated 80 to 150 cm above heart level. The neck should be kept 
as straight as possible, and placement of a padded board or ladder 
under the shoulder and onto bales of straw or similar material works 
well for this purpose. 

Performing endotracheal intubation is straightforward in giraffes. 
Direct visualization of the larynx is possible with the use of a long 


laryngoscope blade, and insertion of a relatively thin catheter to 
subsequently guide the endotracheal tube is a good option.” 
However, in giraffes larger than 350 to 400 kg, the fastest approach 
is to manually insert a stomach tube or similar device into the trachea 
and then thread the endotracheal tube over that. Appropriate endo- 
racheal tube sizes are 20 to 25 millimeters (mm) for okapis and 


juvenile giraffes and 25 to 30 mm for adult giraffes. 


Hypoventilation is often a concern, and oxygen should be pro- 
vided, whenever possible. A Hudson demand valve or similar device 
will provide the animal with oxygen and allow intermittent ventila- 
ion, as needed. Even in animals breathing well, a “sigh” every 2 to 
5 minutes appears to be beneficial to avoid alveolar closing and 
shunting. In animals not intubated, supplemental oxygen via a deep 
nasal cannula and flowing at one liter per 100 kilograms per minute 
is recommended. 

For recovery, a quiet area with good footing should be provided. 
Adequate space should be available for the animal to swing its head 
orward as it gets onto its hindfeet, and obstacles should be removed 
o avoid injury if the animal falls over. Reversal agents may be given 
intramuscularly or intravenously (IM or IV), depending on the situ- 
ation. The goal is to get the animal into sternal recumbency, with 
strong spontaneous ventilation as fast as possible, and to then keep 
it there as long as possible, ideally for 10 to 15 minutes. Keeping 
he animal blindfolded during this time helps prevent its attempts 
o stand prematurely. Doxapram (0.1 mg/kg, given rapidly IV) may 
be used to stimulate animals that are reluctant to get up.” 


12,63 


Capture 


The immobilization of free-ranging giraffes for capture purposes has 
little in common with controlled anesthesia for longer procedures in 
captive animals. The approach currently employed by most success- 
ful capture crews relies on massive dosing with potent opioids (etor- 
phine, carfentanil, thiafentanil, or a combination) to reduce the time 
from darting to recumbency and subsequent skilled handling of the 
awake, but physically restrained, animal.” The giraffe is darted from 
the ground or, more commonly, from a helicopter, and typically the 
animal goes down within minutes, although some animals need to 
be cast with ropes. Soon after the giraffe becomes recumbent, it is 
blindfolded, ears plugged, and haltered and reversal agents are 
administered. Once the animal stands again after a few minutes, it 
is led with ropes into an open trailer used to be transported to a 
larger contained trailer that accommodates several animals. Refer to 
Table 61-1 for doses. Other methods incorporating ketamine, with 
or without medetomidine, to reduce the opioid dosage result in 
longer induction times but more controlled immobilization." 
Recently, mass capture using a funnel system has been employed 
successfully for translocations. 


Longer Procedures and Monitoring 


Once immobilized, many minor procedures—such as diagnostic 
sampling, foot care, and assisted calving—may be performed. Sup- 
plementation is rarely necessary for the first 45 minutes, but after 
that, periodic intravenous ketamine (0.2 mg/kg) or etorphine or 
thiafentanil (0.5 microgram per kilogram [ug/kg]) may be used. 
However, for longer procedures, a continuous infusion of one or 
more of these drugs or in combination with guaifenesin is preferable, 
and additional monitoring is recommended. Inhalation anesthesia 
with isoflurane is another option, but reduced blood pressure and 
ataxia following recovery are potential concerns. 

Ata minimum, monitoring should include heart rate and rhythm, 
rate and depth of ventilations, and oxygen saturation by pulse 
oximetry. Indirect blood pressure may be measured with an appro- 
priately sized blood pressure cuff placed around the tail base. Mea- 
surements may not be accurate but will provide a trend to help guide 
supplementary drug administration, fluid therapy, and head posi- 
tioning. To ensure kidney perfusion, the mean arterial pressure 
should be maintained above 130 mm Hg. As mentioned under 
“Unique Physiology,” lowering of the head will result in pooling of 
blood in the jugular veins and reduced blood pressure. Therefore, 


TABLE 61-1 


Generic Name 


Dosage 
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Reversal Agent/Dosage 
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Reference/Comment 


GIRAFFE STANDING SEDATION 
Xylazine (X) 


0.1-0.2 milligram per 
kilogram, intramuscularly 
(mg/kg, IM) 


Mild sedation (e.g., to allow calf to 
nurse)'® 


Azaperone (Aza)/ 
detomidine (D) 


Aza: 0.2-0.5 mg/kg, IM 
D: 15-30 ug/kg, IM 


Yohimbine 0.1-0.2 mg/kg, IV/IM; or 
atipamezole 0.01-0.05 mg/kg, IV/IM 


9,12 


For deeper sedation, add butorphanol 
10-25 ug/kg 


Detomidine/ 
acepromazine (Ace)/ 
butorphanol (B)/ 
methadone (Met) 


D: 30-40 ug/kg 
Ace: 15-25 ug/kg 
B: 20-30 ug/kg 
Met: 20-30 ug/kg 


Atipamezole 0.03-0.06 mg/kg, IM/IV 
Naltrexone 40-60 ug/kg, IM/IV 


24 


For deeper sedation, add xylazine 
20-50 ug/kg 


GIRAFFE ANESTHESIAT 
Xylazine/etorphine (E)/ 
ketamine (K) 
(etorphine may be 
replaced with carfentanil) 


X: 0.05-0.1 mg/kg 
E: 5-8 g/kg 
K: 0.5-1 mg/kg 


Atipamezole 0.05 mg/kg, IM/IV 
Naltrexone 0.3 mg/kg, IM/IV 


24 


Allow 10-20 minutes after xylazine 
before giving etorphine and 
ketamine 


Medetomidine (Med)/ 
ketamine 


Thiafentanil/ketamine/ 
medetomidine 


Med:40-60 ug/kg, IM 

K: 1.0-1.5 mg/kg, IM 

(approximately equal to M: 
150 ug + K 3/centimeters 
(cm) of shoulder height) 


T: 5-6 pg/kg 
Med: 8-13ug/kg 
K: 0.6-1 mg/kg 


Atipamezole 0.05-0.15 mg/kg IV/IM 


Atipamezole 0.05 mg/kg 
Naltrexone 0.2 mg/kg 


8,39 


Tachypnea common 

High potential for re-sedation from 
medetomidine 

Re-dose atipamezole at 4 hours, and if 
needed again at 8 hours 

514 


Beware of potential re-sedation from 
medetomidine 


GIRAFFE CAPTURE 
Etorphine or thiafentanil or 
1:1 mix. 


10-14 mg/sub-adult 
14-15 mg/adult cow 
Up to 18 mg/adult bull 


Naltrexone 0.3-0.4 mg/kg 


63 


Immediate reversal required! 


Thiafentanil/ketamine/ 
medetomidine 


T: 6-10 g/kg 
Med: 10-14 g/kg 
K: 0.5 mg/kg 


Atipamezole 0.05 mg/kg 
Naltrexone 0.2-0.3 mg/kg 


11 


Beware of potential re-sedation from 
medetomidine 


OKAPI STANDING SEDATION 
Xylazine/butorphanol 


X: 0.4-0.8 mg/kg, IM 
B: 80-200 ug/kg, IM 


Yohimbine 0.1-0.2 mg/kg, IV/IM; or 
atipamezole 0.05-0.1 mg/kg, IV/IM 


12 


If indicated, reverse butorphanol with 
naltrexone 1-2 times dose of 
butorphanol, IM/IV 


Detomidine/butorphanol 


D: 40-100 ug/kg, IM 
B: 80-200 g/kg, IM 


Yohimbine 0.1-0.2 mg/kg, IV/IM; or 
atipamezole 0.05-0.1 mg/kg, IV/IM 


12 


If indicated, reverse butorphanol with 
naltrexone 1-2 times dose of 
butorphanol, IM/IV 


Xylazine/ketamine 


X:0.4-0.6 mg/kg, IM 
K: 0.4-0.6 mg/kg, IM 


Yohimbine 0.1-0.2 mg/kg, IV/IM; or 
atipamezole 0.03-0.6 mg/kg, IV/IM 


64 


Normally, the animal will stay 
standing, but may lie down 


Detomidine/butorphanol/ 
acepromazine/ 
midazolam (Mid) 


D: 40-60 ug/kg 
B: 40-60 ug/kg 
Ace: 30-40 ug/kg 
Mid: 30-40 ug/kg 


Atipamezole 0.03-0.06 mg/kg, IM/IV 
Naltrexone 40-60 ug/kg, IM/IV 


24 


OKAPI ANESTHESIAT 
Carfentanil/xylazine 


X: 0.12 mg/kg 
C: 5 ug/kg, IM 


Naltrexone 0.5 mg/kg, IM 


12 


Allow 10-20 minutes after xylazine 
before giving C 

Add azaperone 50 mg/adult in 
stressed animals 


Etorphine/xylazine 1:1 


X: 0.1-0.2 mg/kg, IM 
E: 8-15 ug/kg, IM 


Atipamezole 0.05 mg/kg, IM/IV 
Naltrexone 0.2-0.3 mg/kg, IM/IV 


Allow 10-20 min after xylazine before 
giving etorphine 

Do not use Immobilon because of risk 
of regurgitation from acepromazine 


Medetomidine/ketamine 


Med: 60-120 ug/kg, IM 
K: 1-3 mg/kg, IM 


Atipamezole 0.3-0.6 mg/kg, IV/IM 


12,45,64 


*Refer to text for details. 


tProvide oxygen via deep nasal cannula or intubate. 
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lifting the head will typically result in an increase in blood pressure. 
Invasive blood pressure monitoring or arterial samples for blood gas 
determination are most easily obtained from the dorsal auricular 
artery. End-tidal carbon dioxide, functional oxygen saturation (pulse 
oximetry), and electrocardiography are also useful in monitoring 
prolonged anesthesia in giraffes. ” 


Long-Acting Tranquilizers 


In both species, mild sedation for transport or introductions may be 
achieved with zuclopenthizole acetate (0.5 mg/kg IM, lasting 3 days) 
or zuclopenthixole decanoate (2 mg/kg IM, lasting 21 days).”” In 
giraffes, haloperidol (15-20 mg/female, 20-30 mg/male IM, lasting 
12-24 hours) is useful for loading, as animals will often start walking 
in 15-20 minutes. 


SURGERY 


Because of size considerations and the challenges of obtaining 
minimal ataxia during recovery, only a rather limited array of surgical 
interventions have been reported in giraffes. Tongue tip amputation, 
partial mandibular resection, mandibular ostrosynthesis, arthros- 
copy, arthrotomy, tenotomy, and castration have all been successfully 
performed.”” Although cesarian sections have been performed, 
abdominal surgery in giraffes is generally challenging because of the 
short body making access difficult. A laparoscopic approach has 
been suggested,” but its application would likely be limited. Severa 
cases of colonic obstruction have been documented, and aggressive 
supportive care and early surgical intervention have been advo- 
cated.'° A glue-on hoof block was successfully used to treat a dista 
phalangeal fracture.”? 

For the okapi, which is a much better surgical candidate,” pro- 
cedures have included fracture repair, rectal prolapse reduction, 
rumenotomy and abomasotomy for foreign body retrieval, and 
surgery for umbilical hernias. 


DIAGNOSTICS 


Most diagnostic techniques used for other large ungulates may be 
adapted for use in giraffids. Blood is readily obtained from the 
jugular vein or other sites such as the lateral saphenous vein. As 
mentioned previously, giraffes may be trained to accept blood sam- 
pling, typically from the jugular vein. In tractable okapis, blood may 
sometimes be drawn from an auricular vein using a butterfly needle. 


TABLE 61-2 


Indwelling catheters may be placed in the same locations, but long- 
term catheter maintenance is difficult in conscious adult animals. 

Urine may be collected from female animals by direct catheteriza- 
tion by using techniques and catheters designed for cows. In males, 
urinary catheters may be placed only with extreme difficulty because 
of the long and narrow urethra and sigmoid flexure, so urine is 
usually collected opportunistically. 

Radiography of the head, neck, and limbs is straightforward, but 
thoracic radiography is a challenge in giraffes simply because of their 
size. 

Hematology (Table 61-2) and serum biochemistry (Table 61-3) 
reference values for giraffes and okapis were determined through 
compilation of MedARKS records from multiple institutions.” 


INFECTIOUS DISEASE 


In general, infectious diseases are not a major concern in giraffids 
maintained in captivity. Overall giraffids are susceptible to most 
diseases of domestic ruminants, but while several individual cases of 
infectious diseases have been reported, no real patterns or extreme 
susceptibilities exist. 


Bacterial Diseases 


Reported bacterial diseases include salmonellosis, paratuberculosis, 
brucellosis, anthrax, actinomycosis, listeriosis, Q-fever, and 
Mycoplasma-associated polyarthritis.”'*’’ Both Mycobacterium bovis 
and M. tuberculosis have caused tuberculosis (TB) in giraffes. Intra- 
cutaneous TB testing appears to be sensitive and may be supple- 
mented by serologic testing. Enteritis caused by Escherichia coli or 
Clostridium perfringens appears to occur with some frequency in 
okapis./”” Anaplasma marginale infection appears to be a common 
subclinical infection in free-ranging giraffe.*° Similarly, giraffes may 
be healthy carriers of Ehrlichia (Cowdria) ruminantium transmitted 
with Amblyomma sp. and do not develop clinical disease following 
artificial infection.”! 

Otitis, involving various bacteria and fungi, was seen in several 
okapis in one collection but not in 15 others, and environmenta 
factors were suspected.” 


Viral Diseases 


Viral diseases reported in giraffes and okapis include rinderpest, to 
which giraffes are very susceptible,’ malignant catarrhal fever, foot- 
and-mouth disease, encephalomyocarditis, and lumpy skin disease. 


‘alt 2 Tom mi SIT 


Giraffe Okapi 


Parameter Unit Mean + Standard Deviation Mean + Standard Deviation 
Leukocytes or white blood cell count 09/liter (L) 12.6 + 4.8 (479) 8+3 (91) 
Neutrophils: bands 09/L 0.86 + 1.2 (181) 0.11 + 0.1 (14) 
Neutrophils: segmented 09/L 9.2 + 4.2 (446) 5.1 + 2.5 (81) 
Lymphocytes 09/L 2.3 + 1.4 (451) 2.4 1 (81) 
Eosinophils 09/L 0.40 + 0.40 (266) 0.16 + 0.11 (32) 
Monocytes 09/L 0.41 0.37 (370) 0.29 + 0.31 (70) 
Basophils 09/L 0.29 + 0.22 (255) 0.15 + 0.09 (18) 
Hematocrit or packed cell volume Liter per liter (L/L) 0.35 + 0.06 (550) 0.36 + 0.08 (92) 
Erythrocytes or red blood cell count 07/L 10.5 + 2.4 (350) 10.0 + 2.7 (80) 
Hemoglobin Gram per liter (g/L) 119 + 18 (376) 124 + 27 (90) 
Mean corpuscular hemoglobin Picogram per cell (pg/cell) 11.7 + 2.7 (340) 12.7 + 1.7 (79) 
Mean corpuscular hemoglobin concentration g/L 348 + 35 (373) 347 + 29 (89) 
Mean corpuscular volume Femtoliters (fL) 34.1 + 8.4 (346) 36.7 + 4.1 (78) 
Platelets 107/L 0.42 + 0.17 (93) 0.38 + 0.11 (20) 


Note: Values represent mean + standard deviation (n). 
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TABLE 61-3 

Giraffe Okapi 
Parameter Unit Mean + Standard Deviation Mean + Standard Deviation 
Total protein Gram per liter (g/L) 74 + 14 (312) 71 + 10 (77) 
Albumin g/L 31 + 5 (282) 31 + 8 (61) 
Globulin g/L 42 + 14 (280) 40 + 10 (59) 
Fibrinogen g/L 2.3 + 1.8 (135) 0.4 + 0.9 (33) 
Glucose Millimole per liter (mmol/L) 7.7 + 3.3 (434) 7.2 + 2.4 (83) 
Alanine aminotransferase Unit per liter (Unit/L) 13 + 11 (237) 17 + 20 (73) 
Alkaline phosphatase Unit /L 522 + 476 (388) 397 + 547 (77) 
Aspartate aminotransferase Unit /L 96 + 55 (393) 66 + 36 (77) 
Creatine phosphokinase Unit /L 1356 + 1677(198) 615 + 612 (77) 
Gamma glutamyltransferase Unit /L 61 + 82 (207) 58 + 101 (57) 
Lactate dehydrogenase Unit /L 864 + 650 (235) 522 + 296 (41) 
Blood urea nitrogen mmol/L 7.1 + 2.5 (417) 7.5 + 2.9 (80) 
Creatinine Micromole per liter (umol/L) 159 + 44 (373) 194 + 71 (39) 
Iron umol/L 16.7 + 12.5 (28) 25.1 + 9 (14) 
Calcium mmol/L 2.50 + 0.45 (404) 2.58 + 0.40 (80) 
Phosphorus mmol/L 3.0 + 0.8 (372) 2.6 + 0.7 (74) 
Magnesium mmol/L 1+ 0.2 (63) 1 + 0.3 (7) 
Potassium mmol/L 4.8 + 0.6 (379) 5.0 + 0.5 (77) 
Sodium mmol/L 145 + 4 (381) 142 + 5 (76) 
Chloride mmol/L 104 + 6 (358) 103 + 6 (74) 
Triglyceride mmol/L 0.45 + 0.3 (245) 0.37 + 0.3 (35) 
Bilirubin: Total umol/L 17 + 15 (377) 7 + 5 (75) 


Note: Values represent mean + standard deviation (n). 


A rotavirus was commonly involved in diarrhea in okapi calves in the 
1980s and 1990s”””” but appears less prevalent now. Another rotavi- 
rus closely related to bovine rotavirus was recently isolated from a 
giraffe calf with diarrhea.** Similarly, a coronavirus closely related to 
bovine coronavirus was isolated from several giraffes with diarrhea.” 
None of these infections appear to be of particular concern. 

Equine herpes virus types 1 and 9 were found to cause severe 
nonsuppurative meningoencephalitis in giraffes, and it was suspected 
that the infection originated from zebras sharing the enclosures.””” 

Bovine papillomavirus (BPV-1 and -2) was identified in multifocal 
to coalescing nodular and occasionally ulcerated lesions of the head, 
neck, and trunk of two giraffes.’ Lesions were similar to equine 
sarcoids and locally invaded the subcutis but did not appear to 
metastasize. A pestivirus related to bovine viral diarrhea (BVD) virus 
has been isolated from a giraffe but appears to have little clinical 
significance.” 

An outbreak of papules, vesicles, and pustules in several okapi 
caused by an orthopoxvirus was described in the early 1970s” but 
has not been of major concern since then. A single case of bluetongue 
has been described in an okapi, while the giraffe does not appear to 
be susceptible. Vaccination appears effective and may be considered 
for okapi kept in endemic areas. 


Parasitic Diseases 


Multiple parasites have been described in both giraffes and okapis; 
however, none constitute major problems in captive animals. Giraffes 
appear to be susceptible to many of the parasites of domestic 
ruminants,”' and both species respond well to treatment with anthel- 
mintics used in domestic cattle. As with any species, these drugs 
should be used prudently, and resistance has proven to be a concern, 
as evidenced by the report of giraffe-derived Haemonchus contortus 
resistant to benzimidazoles, imidazothiazoles, and macrocyclic 


lactones.”” Orally administered copper oxide wire particles provide 
an alternative treatment to traditional anthelmintics and have been 
used successfully as part of an anthelmintic strategy in several 
institutions.” 

Originally identified in a fatal case, a Cytauxzoon sp. was retrieved 
from several normal free-ranging giraffes.’ In contrast, novel species 
of Babesia and Theileria were identified in the blood of young semi— 
free-ranging giraffes and were suspected to be the cause of death in 
these animals.” 

Other parasites reported in giraffes include multiple tick 
species, Rhinoestrus sp., Sarcoptes scabei, Thelazia gulosa, Capillaria 
sp., Camelostrongylus mentulatus, Trichostrongylus axei, Ostertagia 
ostertagi, Teladorsagia circumcincta, Teladorsagia trifurcata, Mon- 
odontella giraffae, Marshallagia marshalli, Trichostrongylus vitrinus, 
Trichostrongylus colubriformis, Spiculopteragia asymmetrica, Trichuris 
giraffae, Parabronema skrjabini, Skrjabinema sp., Haemonchus mitch- 
elli, Echinococcus sp., Cryptosporidium parvum, Giardia sp., and 
Hepatozoon sp.” 


NONINFECTIOUS DISEASE 


Noninfectious problems are probably more prevalent than infectious 
disease in captive giraffids, and several “syndromes” are seen with 
some frequency. Congestive heart failure of unknown etiology has 
been diagnosed in several adult female okapis in a single collection.’ 
Clinical signs were managed with oral furosemide and enalapril. 
Interestingly, myocardial hypertrophy or ventricular dilation was a 
frequent finding in a survey of postmortem findings. ” 

Both species are susceptible to overgrown hooves in captivity 
mainly because of lack of movement, dry environments, and short- 
age of sufficiently abrasive surfaces. Apart from simple overgrowth, 
excessively steep stance, crossing over of cleats, and flaring hoof 
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walls are the most common problems in okapis, whereas in giraffes 
crossing over of the cleats is the problem most commonly encoun- 
tered. The hoof horn, particularly of giraffes, is extremely hard, and 
the use of power tools will significantly facilitate corrective 
trimming. 


Gastrointestinal Disorders 


Colic without specific etiology is seen with some frequency in okapis, 
and intestinal stasis following anesthetic events has been anecdotally 
reported.” Intestinal volvulus has been seen in both juvenile and 
adult okapis. / 

Colonic obstruction vvith phytobezoars or fecal matter vvas docu- 
mented in three giraffes ” and has also been seen in okapis. The spiral 
colon appears to be particularly prone to these obstructions, and 
unless diagnosed and resolved early, these obstructions hold a poor 
prognosis. ” In okapis, excessive maternal grooming of calves may 
lead to anal trauma and stricture.” 

Giraffids, like other browsing ruminants, have lower chewing 
efficiency compared with grazers, and the feeding of traditional 
“grazer diets” leads to significantly larger mean fecal particle size in 
captive giraffes than in free-ranging giraffes.’ It has been speculated 
that this deficient particle size reduction could contribute to poten- 
tial clinical problems such as gastrointestinal blockage and bezoar 
formation. 


Acute Mortality Syndrome 


Acute mortality syndrome was a major cause of death in captive 
giraffes for decades,” but the frequency has decreased in recent 
years, largely because of improved feeding practices. Many animals 
died without any history of illness, others after a mild or short-term 
illness or stressful incident. Emaciation with serous atrophy of fat is 
the key pathologic finding, often accompanied by pulmonary edema, 
petechial hemorrhages, intestinal ulceration, and myocardial degen- 
eration. ” Essentially, this “syndrome” appears to be simply caused 
by a negative energy balance, either from insufficient nutrition’? or 
poor dental health,” and the “last straw” or event triggering death 
may be hypothermia or stress.*”* Similar pathologic findings are 
observed in winter in free-ranging giraffes at the southern margin of 
their distribution and are interpreted as starvation. A similar phe- 
nomenon appears to exist in the okapi, and emaciation with serous 
atrophy of fat was noted in 17 of 134 okapi postmortem reports 
reviewed. 


Urolithiasis 


Urolithiasis occurs with some frequency in captive giraffes, and some 
uroliths have been diagnosed as carbonate or apatite with a shell of 
struvite.” In a recent survey, 6 of 43 zoos reported a history of 
urolithiasis.°' High dietary phosphorus content and a high level 
of concentrate relative to hay (>1) may be contributing factors to 
urolith formation.”" 


Chronic Interstitial Nephritis 


Renal tubular atrophy, with conical and medullary interstitial fibrosis 
and severe thickening of the basement membranes of atrophic 
tubules, has been described in several okapis.”””” Focal glomerular 
atrophy, probably secondary to ischemic collapse of the glomerular 
capillary tuft, was also observed. Although the etiologies and patho- 
genesis of these nephropathies are unclear, primary damage of the 
tubular epithelium appears to be the most likely cause, and toxicity 
from ingested plant material, possibly willow (Salix sp.), has been 
proposed as an etiologic factor.”” 


Glycosuria 


Asymptomatic glycosuria is very prevalent in adult captive okapis, 
whereas animals tested at the Epulu station (Democratic Republic of 
Congo) were nonglucosuric.”” The etiology is unknown; animals 
have normal serum levels of insulin, glucose, and fructosamine, and 
no correlation with stress or dietary glucose content has been 
found.” 


20,23 


Neoplasia 


Neoplasia is not frequently seen in giraffids. Neoplasms reported in 
giraffes include embryonal rhabdomyosarcoma, pelvic chondrosar- 
coma causing dystocia, umbilical cord teratoma, verrucous squa- 
mous cell carcinoma, and glioneuronal hamartoma in the 
mesencephalic aqueduct. Findings in okapis include luteoma, epen- 
dymoma, and phechromocytoma. 


REPRODUCTION” 


Giraffids are considered nonseasonal breeders, with a short cycle of 
approximately 15 days and a comparatively long gestation of 420 to 
468 days in the giraffe and 414 to 491 days in the okapi. Females 
attain sexual maturity at an age of about 20 months. Under zoo 
conditions, both species may live up to an age of well over 30 years. 
Reproduction is discussed in Table 61-4. 

The female giraffid has a bicornuate uterus. In the male, the testes 
are scrotal, and the penis is fibroelastic and has a long urethral 
process resembling that of a goat. Interestingly, three variations of 
chromosome numbers have been identified in the okapi (44, 45, 
46).” The reduction of 46 chromosomes to 45 is the result of a 
Robertsonian translocation between chromosomes 8 and 21. Indi- 
viduals with 45 and 46 have both reproduced successfully in mixed 
karyotype pairs. Females are nonseasonal breeders and come into 
estrus at 15-day intervals. Estrus behavior is fairly subtle and consists 
of mild mucus production and vulvar flaring. Breeding normally is 
uneventful, with copulation lasting only seconds. 

Pregnancy may usually be detected visually about half way 
through. In trained animals, ovarian cycles and pregnancy may be 
monitored with transrectal ultrasonography.” In pregnant giraffes, 


Reproductive Characteristics of Giraffids? 193540 
Parameter Giraffe Okapi 
Karyotype (2n) 30 44, 45, or 46”? 
Puberty, age (years) Female at 3-4 Females at 2.5 
Male at 4-5 Males at 2-4 
Estrus eycle (days) 14-15 15-16 
Luteal phase 8 11 
Follicular phase 6 5 


Duration of copulation 


Few seconds 


Few seconds 


Gestation 


420-468 days 


414-491 days 


Pregnancy 
determination 


Urinary/fecal PdG 


Urinary/fecal PdG 


Placentation 


Cotyledonary 
placentation 


Cotyledonary 
placentation 


Urinary pregnanediol-3- 


glucuronide (PdG), 
nanogram per 
milliliter (ng/mL) 


Nongravid: 

Follicular 3.6 + 7 ng PdG/ 1.9 + 0.1 ng PdG/ 
mg Cr mg Cr 

Luteal 30.9 + 1.7 ng 27.2 + 3.9 ng PdG/ 
PdG/mg Cr mg Cr 

Gravid Persistent luteal Persistent luteal 


levels 
>250 ng PdG/mg 


levels 
With levels >100 ng 


Cr in late PdG/mg Cr 
gestation 
Semen volume 4-6 mL Unknown 


the corpus luteum (CL) reaches a diameter significantly larger 
(40 mm) than during the cycle (33 mm), and follicular activity may 
still be present.” Transabdominal ultrasonography may detect later 
stage pregnancy. Pregnancy may also be detected by means of urinary 
and fecal steroid analysis.” 

Predicting the time of birth precisely is difficult in giraffes. The 
udder typically, but not always, becomes enlarged in the last few 
weeks prior to parturition. Vulvar edema and a mucoid discharge 
may precede parturition by a few days. If possible, the female should 
be isolated from the herd shortly before parturition and remain sepa- 
rate with the calf for at least 24 hours, but if adequate space is avail- 
able, the female may simply give birth while with the herd. Giraffids 
usually give birth to a single calf; however, twinning does occur. In 
he okapi, several twin pregnancies have ended in stillbirths.” Labor 
is usually short (3-6 hours), and the healthy calf should be standing 
within an hour or so of birth. The birthing environment is important 
for neonatal survival. A proper substrate of compacted soil, rubber 
pads, or straw bedding is important to prevent hypothermia and 
splaying. Nursing should start within the first few hours after birth. 
First-time mothers may be nervous and may at first refuse to allow 
he calf to suckle. They usually relax after a few hours, but mild 
sedation has been necessary in several instances.” 

Neonatal examinations are useful for assessing the general health 
of the neonate and determining the success of immunoglobulin 
ransfer from the dam. Normal birth weight is approximately 60 kg 
in the giraffe and 15 to 30 kg for okapis. 

An okapi that experienced five abortions because of deficient 
placental progestagen production was treated with altrenogest in a 
subsequent pregnancy and carried the fetus to term.°° 

Retained placenta occurs with some frequency in both species, 
particularly when the calf is stillborn or dies within the first day. 
Ideally, as much of the placenta should be removed as possible, but 
cases have been managed with only supportive therapy, including 
antibiotics.” 


Contraception 


In some cases, preventing reproduction in giraffes is desirable. Surgi- 
cal castration is an effective, although nonreversible, means of con- 
raception in male giraffes. Open castration using an emasculator and 
igation has been advocated, but partial or complete scrotal closure 
is probably a superior technique.’ 
For contraception in females, melengestrol acetate (2-3 mg/kg/ 
day) administered in the feed, or the progesterone-derivative 
medroxyprogesterone acetate (Depo-Provera, Pfizer Animal Health), 
(450-800 mg/female, every 6 weeks) have been the traditional phar- 
maceutical means of contraception; however, the gonadotropin- 
releasing hormone (GnRH) agonist deslorelin (Suprelorin, Peptech 
Animal Health/Virbac) administered as implants has recently proven 
o be superior and effective for more than a year.” It is suggested to 
check the current recommendations of the Contraceptive Advisory 
Group before initiating contraception. 


PREVENTIVE MEDICINE 


Preventative measures in giraffids include regular inspections of feet 
and provision of abrasive surfaces. If necessary, routine foot care 
should be provided, ideally through use of training. Regular screen- 
ing for intestinal parasites and deworming, if indicated, should be 
part of the strategy, and regular weighing of animals is highly 
recommended. 

Routine vaccination is seldom performed, but vaccines against 
rabies, clostridial diseases, and bluetongue, as well as rotavirus and 
coronavirus, are sometimes used. 

Preshipment testing is recommended for any giraffe relocation, 
but specific tests to be performed depend on local conditions. The 
following are recommended guidelines to aid in decision making 
when planning the safe transfer of a giraffe or okapi: (1) fecal sample 
for parasites, particularly nematodes; (2) fecal culture, especially for 
Salmonella; (3) tuberculin skin testing and auxiliary TB tests; (4) 
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blood sample for complete blood cell (CBC) count and serum chem- 
istries; (5) physical examination, including foot inspection. Intracu- 
taneous TB testing may be performed in the eyelids, as in primates, 
to avoid the need for a second restraint of the animal. 

Quarantine of individuals should be performed before exposure 
to animals at the new location. 
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Deer have been known to, and hunted by, human beings for millen- 
nia, and the annual cycle of antler growth has long been a source of 
fascination and folklore. Currently, veterinarians may work with deer 
and their relatives in zoos, in farms, and in the wild, with an increas- 
ing involvement in conservation programs for endangered deer 
species (both in situ and ex situ). Many names have been given to 
age or sex categories of deer of different species, but to avoid confu- 
sion, the authors refer to adult males as stags, adult females as hinds, 
and juveniles as calves. This chapter focuses on seasonal species kept 
in zoos in Europe and North America, but a useful reference to 
neotropical species has recently been published.” 


GENERAL BIOLOGY 


The taxonomy of the chevrotains—or mouse deer (Family Traguli- 
dae), musk deer (Moschidae), and true deer (Cervidae)—has changed 
over recent years, but in the recent revision by Groves and Grubb,”° 
all have been classified as members of the suborder Ruminantia 
within the order Artiodactyla. The 10 species in the three genera of 
Tragulidae are sufficiently distinct to have a separate infraorder (Tra- 
gulina) from all other ruminants (Percora). The general consensus is 
that seven Moschus species (Moschidae) exist, but numbers of 
species and genera within Cervidae vary among texts. 7737977? The 
authors have followed the classification of Wilson and Mittermeier 
(2010)” and have placed 53 species in 18 genera, with Hydropotes 
included in the suborder Capriolinae (Table 62-1). 

All deer and their relatives are herbivorous, but they may be 
browsers, grazers, or intermediate feeders (see Feeding). Body mass 
tends to be greater in males, although exceptions (e.g., some Tragu- 
lidae) do exist. Social structure varies from solitary existence to herd 
living. The group, as a whole, is extremely widespread, from the 
arctic tundra to tropical forests, and deer are arguably the most suc- 
cessful ungulates. Despite this, many species and subspecies are 
declining in population because of exploitation by humans, habitat 
loss, and environmental threats (see Table 62-1). One species, the 
Pere David deer (Elaphurus davidianus), has become extinct in the 
wild, but the species has been reintroduced in China, thanks to 
long-term captive programs. 


UNIQUE ANATOMY 


is obtained. Moschidae used to be included as a subfamily in Cervi- 


dae but has now been raised to family status.”””” 


The defining characteristic of the true deer (Cervidae) is the pos- 
session of antlers (Figure 62-1). Males of all species, except the 
Chinese water deer, grow antlers each year before the breeding 
season and lose them later. In the species that comprises the reindeer, 
or caribou (Rangifer tarandus), both sexes have antlers. The size and 
complexity of antlers increases with distance from the equator, as 
climatic and nutritional conditions become more exacting. Hinds 
select males that can thrive best in the environment, and the choice 
of a female may be the most important factor for the evolution of 
large antlers. Antler growth occurs annually under hormonal control. 
The antlers arise from the frontal bones and skin and, until fully 
grown, they are covered with a highly vascularized and sensitive skin 
known as velvet. As the mating season approaches, the testosterone 
level rises, the antlers harden, and the velvet dries. Stags may rub 
their antlers against objects to remove the flaking velvet. After the 
mating season, the testosterone level declines, and a layer of bone- 
dissolving cells invades the base of the antlers, causing them to fall 
off. Each year, the size and, in some species, the complexity of antlers 
increase until full maturity. Antler growth has a less well-defined 
seasonality in tropical and subtropical zones. 

Deer possess a range of specialized scent glands, most commonly 
preorbital in location but also occurring on the limbs. Deer have no 
gallbladder, and female deer have two pairs of inguinal mammary 
glands. The skeleton has evolved for running and jumping, with 
reductions of the ulna and the fibula, loss of the first digit, reductions 
of digits II and V, and fusion of the third and fourth metacarpals and 
metatarsals to form cannon bones. The location of the vestigial 
metacarpal bones II and V (splint bones) is the basis for differentia- 
tion of the subfamily Cervinae (proximal or plesiometacarpalian) 
from the Capreolinae (distal or telemetacarpalian). The Chinese 
water deer has been placed in the subfamily Capreolinae, as it is 
telemetacarpalian and is phylogenetically very close to the roe deer 
(Capreolus capreolus); this is based on mitochondrial cytochrome 
analysis,” which suggests that the loss of antlers is a secondary 
characteristic. 


SPECIAL HOUSING REQUIREMENTS 


The chevrotains (Tragulidae) have many ruminant features such as 
a four-chambered stomach (with a poorly developed omasum), no 
upper incisor teeth, and incisor-like lower canines, but they also 
resemble pigs and hippopotami in having four toes with supporting 
bones, as well as incomplete fusion of the third and fourth metacar- 
pals and metatarsals.**°’ Members of this family lack antlers and 
have elongated upper canines as in musk deer and Chinese water 
deer (Hydropotes inermis) and, like musk deer, also possess a gallblad- 
der and lack preorbital scent glands. However, they do possess a chin 
gland. 

Musk deer (Moschidae) lack antlers, have a gallbladder, and 
possess just one pair of mammary glands. They have no facial glands 
but have caudal glands ventral to the tail and well-developed pre- 
putial or musk glands, from which the commercially valuable musk 


The majority of deer species may be kept in natural-ground pad- 
docks bounded by fences or walls that may have to be 2.5 to 3 meters 
(m) high for the larger species and well buried. High-tensile steel 
netting 1.8 to 2 m high, with posts 5 to 8 m apart, commonly is 
used for farming red deer (Cervus elaphus) and fallow deer (Dama 
dama), but chain-link fencing and electric fencing also may be used. 
With any form of fencing comes the risk that stags may get their 
antlers caught. Cattle grids may be used to stop deer exiting enclo- 
sures via roadways, but they should be at least 2 m (preferably 3 m) 
wide. Shelters should be sufficient for the number of animals, and 
some should be partially enclosed. Trees and shrubs help provide 
windbreaks and cover but must be protected from bark-stripping 
and extensive browsing. Dead trees and logs act as rubbing posts 
when stags are losing their velvet. 
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TABLE 62-1 


Basic Biologic Information and Conservation Status of Tragulidae, Moschidae, and Cervidae”? 


Scientific Name Weight Species and Subspecies of 

(number of species) Common Name(s) Range (kg) Distribution Conservation Concern 

TRAGULIDAE 

Hyemoschus (1) Water chevrotain 7-16 C and W Africa — 

Moschiola (3) Chevrotain 2.4-3 SC and SE Asia — 

Tragulus (6) Mouse deer 1.5-4.5 SC and SE Asia Balabac mouse deer (T. nigricans) EN 

MOSCHIDAE 

Moschus (7) Musk deer 6-17 Asia All EN (6) or VU (1) 

CERVIDAE 

Capreolinae 

Alces (1) Moose (Eur. elk) 280-600 Circumpolar — 

Blastocerus (1) Marsh deer 70-130 S. America VU 

Capreolus (2) Roe deer 17-50 Eurasia 

Hippocamelus (2) Taruka, huemel 45-75 S. America S Andean huemel (H. bisulcus) EN 
N Andean huemel (H. antisensis) VU 

Hydropotes (1) Chinese water deer 11-15 SE Asia VU 

Mazama (10) Brocket 8-35 C and S America Five species VU 

Odocoileus (2) Mule and white-tailed deer 25-130 Americas — 

Ozotoceros (1) Pampas deer 22-40 S America — 

Pudu (2) Pudu 5-14 S America Both VU 

Rangifer (1) Reindeer (caribou) 55-170 Circumpolar — 

Cervinae 

Axis (4) Axis deer (chital), hog deer 30-110 SE & S Asia Bawean deer (A. kuhlii) CR 
Calamian deer (A. calamianensis) EN 
Hog deer (A. porcinus) VU 

Cervus (5) Red deer (Am. Elk), sika deer 20-400 Eurasia, N Africa, America VVhite-lipped deer (C. albirostrus) VU 

Dama (2) Fallovv deer 35-140 Asia Persian fallovv (D. mesopotomica) EN 

Elaphodus (1) Tufted deer 17-30 S Asia — 

Elaphurus (1) Pere David deer 140-220 E Asia EVV 

Muntiacus (11) Muntiac 12-35 SE and S Asia Giant muntiac (M. vuquangensis) EN 
Black muntiac (M. crinifrons) VU 

Rucervus (2) Barasingha, brovv-antlered 60-200 S Asia Brovv-antlered (R. eldii) EN 

(Eld”s) deer Barasingha (R. duvaucelii) VU 
Rusa (4) Javan (rusa) and sambar deer 40-350 SE and S Asia Phillipine spotted (R. alfredi) EN 


Others VU 


C, Central, CR, critically endangered; E, east; EN, endangered; EW, extinct in the wild; N, north; S, south, VU, vulnerable; W, west. 


Small, tropical species cannot be kept outdoors all year in a 


FIGURE 62-1 Swamp deer, or barasingha (Rucervus duvaucelii), in 
a large, drive-through, mixed-species enclosure. 


temperate climate and require heated housing. Many zoos keep 
chevrotains in nocturnal houses with reversed lighting. 


FEEDING 


All chevrotains and deer (musk and true) are herbivorous, but they 
range from species that inhabit forests and bush, for example, musk, 
muntjac (Muntiacus species), brocket (Mazama species), roe deer, 
and moose (Alces alces), which are browsers on dicotyledonous plant 
material (leaves and twigs of trees and shrubs, as well as herbs and 
forbs), to grazers such as fallow deer and Pére David deer, which 
feed on monocotyledonous plant material (primarily the leaves or 
blades of grass). The majority of species are intermediate or mixed 
opportunistic feeders. The feeding habits are reflected in gastrointes- 
inal (GI) anatomy and physiology; thus, the greater the proportion 
of grass and roughage in the natural diet (the grazers), the greater is 
the retention time of fiber in the rumen and the less frequently the 
animal needs to feed.” Grazing species also have hypsodont denti- 
tion (high-crowned teeth) adapted to abrasive wear, whereas 


browsers have brachyodont (low-crowned) dentition for attritional 
wear.” Browsers may produce tannin-binding and similar proteins 
in their saliva to neutralize the secondary compounds present in 
woody plants.'* Unfortunately, the feeding of browsers in captivity 
has traditionally been problematic, with many species avoiding grass 
and grass-based forage and therefore ingesting higher proportions of 
concentrate pellets. This is suspected to have led to cases of chronic 
ruminal acidosis and ill-thrift, for example, “wasting syndrome 
complex” in moose, and a decreased relative life-expectancy in 
captivity in relation to grazing species.) Ruminal acidosis may also 
be seen in wild deer that ingest large quantities of supplementary 
food.®’ Deer in seasonal climates, especially browsers, build up body 
fat during spring and summer (or wet season) to provide energy for 
the rut and winter (or dry season) when the quantity and nutrient 
quality of plants is low. 

Feeding in captivity is based on management goals. For deer 
farmers, supplementing pasture grazing so that animals meet target 
weights is important, as is keeping the breeding stags and hinds in 
good condition for rutting or mating, pregnancy, and lactation. In 
zoos and deer parks, slower growth is acceptable, or even preferred, 
but supplementary feeding may be necessary during the winter or 
dry season and also for pregnant and lactating hinds and their calves. 
In the temperate areas of the northern hemisphere, grass paddocks 
and an appropriate stocking density provide energy and protein for 
grazing species in spring and summer, with hay offered during the 
fall and winter seasons and low-protein concentrates (maximum 
1296) only offered if the hay is of poor quality. Indeed, excess feeding 
of pregnant Pére David hinds may result in dystocia caused by over- 
sized calves. Intermediate or mixed deer species require hay during 
the fall and winter seasons, plus additional concentrates (maximum 
14% crude protein). Root crops have been used successfully for 
winter feeding of farmed deer. Browsers should receive a browser- 
specific concentrate diet (high-fiber and low-energy diet, preferably 
with beet pulp as a pectin source to avoid grains) plus browse (fresh, 
dried, or ensiled), with or without alfalfa (lucerne). ` Easily digested 
energy sources such as starch are not necessary and should be 
avoided.’ If the natural pattern of reduced appetite during the 
winter season is followed, deer may lose up to 10% of body weight 
because of higher energy demands (thermoregulation, activity). This 
weight is regained in the spring season, with juveniles especially 
showing a compensatory growth spurt. Deer overwintered indoors 
will have much lower energy requirements, so supplementary 
feeding may be greatly reduced. 

Nutrient requirements, including minerals and vitamins, for 
selected deer have been published,” but in general, commercial 
cattle salt or mineral blocks are suitable, with the addition of 
specific minerals and vitamins if local grazing or the forage fed are 
deficient. 


RESTRAINT AND HANDLING2?2227-6 
Behavioral Restraint 


Captive artiodactyls, including deer, can be habituated to routine 
management practices and, with appropriate handling facilities and 
expertise (see below), it is possible to undertake simple veterinary 
procedures, including venipuncture, vaccination, and physical 
examination within restraint devices. 


Physical Restraint 


The correct use of appropriate physical restraint may be the safest 
and most efficient way to handle wild, zoo, and game-farmed deer 
for management, treatment, diagnostic, and research purposes, but 
good planning and teamwork are essential to prevent capture stress 
and subsequent myopathy. 

Small deer may be confined in padded boxes, entrapped with the 
use of net-guns, or driven into collapsible nets for manual capture. 
However, they should only be restrained in lateral recumbency for 
short periods of 15 minutes or less; any longer procedure would 
require sedation or anesthesia. Hobbles may be applied to the 
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ipsilateral forelimbs and hindlimbs at the level of the metacarpopha- 
langeal joint for safety, and the use of blindfolds may calm the 
animal. 

Sophisticated handling systems have been designed to be used in 
farmed species to allow deer to be moved, separated, loaded for 
transport, and restrained for management and veterinary proce- 
dures.”” Typically, collecting funnels from paddocks lead to chutes 
and yards with smooth, solid walls (e.g., plywood attached to metal 
frames), sufficiently high to prevent animals from jumping out and 
with viewing holes so that deer and handlers are able to see and be 
aware of each other. Wild deer may be encouraged into the funnels 
by regular feeding or by driving (e.g., by helicopter). Once inside, 
deer may be separated and channeled into different raceways from 
sorting pens that are covered to be kept dark, especially when 
dealing with nervous species. Particular consideration should be 
paid to the specific flight distances of the species to be handled. Deer 
held in crushes (manual or hydraulic) with a drop floor may be 
examined and many minimally invasive procedures carried out 
without causing undue stress. Male cervids and both sexes of rein- 
deer should not be restrained when antlers are in growth because of 
the potential for major blood loss and severe pain associated with 
trauma. Once hardened, the antlers should be removed if the stags 
(or reindeer hinds) are to go through a handling system. 


Chemical: Anesthesia 


Deer are prone to capture myopathy, hyperthermia and trauma, so 
any anesthetic procedure should be carefully planned, taking into 
account the method of capture, ambient temperature, physiology of 
species, and clinical condition of the individual. Table 62-2 lists dose 
rates of commonly used chemical restraint agents, some for specific 
species. The data are taken from a variety of sources, from different 
conditions, which explains the wide ranges shown. Captive deer 
often have drug requirements very different from those of free- 
ranging animals, so this must be taken into consideration. ' Ideally, 
herefore, advice should be sought from those regularly immobilizing 
he species of interest, and doses should be tailored to each 
circumstance. 

Sedation alone may be unrewarding in deer, except in tamer 
animals such as reindeer, when an 0z-agonist such as xylazine may 
be injected intravenously (IV). Relatively high doses of xylazine may 
be administered intramuscularly (IM) to produce recumbent seda- 
tion. Excited animals may overcome the drugs sedative effects, so 
stimulation must be minimized during induction; the animal should 
be left alone until recumbent and then approached cautiously and 
quietly to be blindfolded. For longer or painful procedures, an intra- 
venous bolus of ketamine (1 milligram per kilogram [mg/kg]) may 
be given, with additional intravenous boluses (1-2 mg/kg) as 
required. However, intubation and inhalation anesthesia are pre- 
ferred.'' Diazepam may be given orally (PO) before a stressful situ- 
ation, but the effect of this drug is variable. 
Xylazine and ketamine are still a useful combination for the 
immobilization of small deer. For example, an adult Chinese water 
deer requires approximately 1.5 milliliters (mL) of the “Hellabrun” 
mixture (125 mg/mL xylazine plus 100 mg/mL ketamine). Darting 
medium- and large-sized deer with an opioid agent is more economi- 
cal and practical; etorphine hydrochloride (HCI), carfentanil citrate, 
or, most recently, thiafentanil oxalate, is used usually in combination 
with an O,-agonist to reduce excitation, muscle tremors, and respira- 
ory depression.” The choice of opioid primarily depends on avail- 
ability, but all opioids can be antagonized. However, re-narcotization 
may occur some hours after reversal because of the shorter duration 
of action of some antagonists compared with the opioid drug. 
Animals should be monitored for 72 hours with administration of 
further doses of the antagonist, if necessary. Compared with the 
other opioids, thiafentanil oxalate has the advantages of more rapid 
induction (reducing chase time), equal or greater potency, and a 
shorter half-life, thus reducing the likelihood of re-narcotization.” 
The combination of medetomidine and ketamine is increasingly 
preferred because of the inherent risks in the use of opioids, and the 
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TABLE 62-2 
Agent Species Dosage* Reversal Agent and Dosage 
Diazepam All 0.5-2.0 milligram per kilogram Flumazenil 0.04-0.15 mg/kg 
(mg/kg), IV or oral” 
Xylazine AlI 0.4-8.0 mg/kg, IM (1⁄2 dose IV)'° Yohimbine 0.10-0.20 mg/kg (half IM/ 
VVhite-tailed deer and mule deer 2.0-3.0 mg/kg, IM? half IV), or 
VVapiti/North American elk 1.0 mg/kg, IM" Atipamezole 0.04-0.8 mg/kg, IV 
(Cervus canadensis) (i.e., 0.1 mg/mg xylazine) 
Red deer 0.5-1.0 mg/kg, IM” 
Etorphine/ AlI 0.02-0.05 mg/kg; and Diprenorphine 0.027-0.066 mg/kg, IV 
acepromazine 0.08-0.2 mg/kg, IM"? 
Etorphine/ AlI 0.01—0.06 mg/kg; Diprenorphine for etorphine, 
acepromazine/ 0.04—0.24 mg/kg; and 0.013-0.08 mg/kg, IV 
xylazine 0.25-0.60 mg/kg, IM'® Yohimbine or atipamezole for 
xylazine 
Carfentanil All 0.006-0.03 mg/kg, IM'® Diprenorphine 0.06-0.3 mg/kg, or 


naltrexone 0.06-0.3 mg/kg 


Carfentanil/ 
xylazine 


VVapiti/North American elk 


0.01 mg/kg; and 
0.1 mg/kg, IM” 


Naltrexone for carfentanil 


Thiafentanil 


White-tailed deer 
Moose 


3 mg total dose”? 
10 mg total dose°° 


Naltrexone 10 mg/mg thiafentanil, IM 


Thiafentanil/ 
xylazine 


VVapiti/North American elk 


Mule deer 


12-15 mg thiafentanil, and 

50 mg xylazine, IM”? 

10-12 mg thiafentanil; and 

100 mg xylazine, IM; or 
0.15-0.20 mg/kg thiafentanil and 
100 mg xylazine, IM°° 


Naltrexone for thiafentanil 


Xylazine/ 
ketamine 


All 
White-tailed deer and mule deer 


VVapiti/North American elk 


0.5-23 mg/kg and 
2.7-18.7 mg/kg IM" 
2.0 mg/kg, and 

3-4 mg/kg IM ° 

1.0 mg/kg, and 

3-4 mg/kg IM? 


Yohimbine or atipamezole for 
xylazine 


Medetomidine/ All 0.05-0.10 mg/kg and Atipamezole 0.25-0.5 mg/kg, split IV 
ketamine 0.8-3.2 mg/kg, IM)" and IM (i.e., 5 mg/mg 
Red deer 0.11 mg/kg; and medetomidine) 
2.2 mg/kg, IM" 
Moose 0.06 mg/kg, and 
1.5 mg/kg IM“ 
Reindeer/caribou 0.1 mg/kg, and 
2.5 mg/kg IM? 
Tiletamine/ All 2.9-20 mg/kg, IM (33 mg/kg, Flumazenil, 0.11-0.77 mg/kg 
zolazepam IM, for fallow) ° 
Tiletamine/ White-tailed deer and mule deer 4.4 mg/kg; and Yohimbine or atipamezole for 
zolazepam/ 2.2 mg/kg, IM?” xylazine 
xylazine Moose 3.0 mg/kg; and 
1.5 mg/kg, IM” 
Tiletamine/ All 0.7-1.3 mg/kg, and Flumazenil 0.03-0.1 mg/kg 
zolazepam/ 0.08-0.12 mg/kg IM” Atipamezole 0.4-0.6 mg/kg, split IV 
medetomidine Fallovv deer 1.0 mg/kg, and and IM 


0.1 mg/kg IM” 


Butorphanol/ 
azaperone/ 
medetomidine 
(BAM) 


White-tailed deer and mule deer 


VVapiti/North American elk 


0.58 mg/kg; and 
0.37 mg/kg; and 
0.19 mg/kg, IM? 
0.11 mg/kg; and 
0.07 mg/kg; and 
0.05 mg/kg, IM° 


Atipamezole 3.0 mg/mg 
medetomidine; and naltrexone 
50 mg/ butorphanol! 30 mg, IM 


“IV, Intravenously; IM, intramuscularly. 


lower required dose of ketamine compared with the xylazine— 
ketamine mixture.” The tiletamine—zolazepam combination results 
in a long recovery period, unless the zolazepam is reversed with 
flumazenil. Alternatively, as flumazenil is expensive, a lower dose of 
tiletamine-zolazepam may be used with xylazine or medetomidine, 
and recovery, after reversal of the 0-agonist, is much quicker. This 
combination is reported to be ideal for the immobilization of fallow 
deer.'’ Since 2008, the combination of butorphanol, azaperone, and 
medetomidine (BAM) has been frequently used in hoofstock. Hyper- 
thermia is avoided, and excellent respiration and good muscle relax- 
ation are achieved. Reversal following injections of atipamezole 
(3 mg/l mg medetomidine) and naltrexone (50 mg/30 mg butor- 
phanol) is usually complete within 10 minutes. Over 1000 white- 
tailed deer (Odocoileus virginianus) have been anesthetized successfully 
with BAM, but results in fallow deer have been disappointing.” 

After induction, deer should be positioned in sternal recumbency, 
with the neck extended but the nose pointing slightly toward the 
ground, to maintain a patent airway and to reduce the likelihood of 
aspiration of any regurgitated ruminal contents and development of 
ruminal tympany. Ideally, deer should be intubated (see below) and 
given supplemental oxygen; if not, oxygen may be provided via nasal 
insufflation (to the level of the medial canthus of the eye). In either 
case, oxygen flow is adjusted to maintain saturation of peripheral 
oxygen (SpO>) of 95% or greater. Intubation may be difficult in deer 
because of the depth of the larynx, the narrowness of the buccal 
cavity, and the long and mobile epiglottis but is facilitated by correct 
positioning, the use of a long laryngoscope, a stylet to stiffen the 
endotracheal tube, and increasing anesthetic depth with an intrave- 
nous bolus of ketamine (1-2 mg/kg) or propofol (2-4 mg/kg). 

For elective inhalation anesthesia, food should be withheld for 
24 to 36 hours and water for 12 hours prior to induction. The prin- 
ciples of anesthesia and monitoring are the same as for domestic 
ruminants. At the end of all procedures during which the animal was 
intubated, extubation, with the cuff still partially inflated, should 
only be performed once the swallowing reflex has returned. When 
reversing ob-agonists, the appropriate agents should be divided and 
half-doses given IM and IV ° 

Capture myopathy is a potentially life-threatening complication 
of anesthesia that may present in acute, subacute, or chronic forms. 
Treatment is based around the correction of shock and acid—base 
balance, the maintenance of normothermia, and oxygenation. Results 
are generally unrewarding, so prevention is better and is achieved 
by ensuring that the animals are not deficient in vitamin E and 
selenium and by minimizing the duration of chase and restraint.'!”” 


Chemical: Neuroleptics 


Two classes of human antipsychotic drugs (butyrophenones and 
phenothiazines) have been used as tranquilizers in wild animals 
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since the 1980s for loading, transportation, and acclimatization. 
These drugs reduce dopamine neurotransmission, which minimizes 
stress and reduces the risk of trauma and capture myopathy. However, 
extrapyramidal side effects may occur. The butyrophenones azaper- 
one and haloperidol, injected IM or IV, are shorter-acting (up to 
72 hours), and azaperone (0.2 mg/kg) may be given immediately 
after anesthetic reversal for short translocations (<6 hours). The 
phenothiazines are slower in onset but longer-acting and may only 
be given IM.” Zuclopenthixol acetate (1 mg/kg) has been shown to 
reduce flight distance and stress and increase water and food con- 
sumption.°' Zuclopenthixol acetate lasts up to 4 days, perphenazine 
enanthate up to 10 days, and pipothiazine palmitate up to 21 days, 
with their time to onset of action correspondingly long. Therefore, 
they are often used in combination. 


SURGERY 


Common procedures that require anesthesia are the amputation of 
antlers, investigation of lameness or preventive hoof work, treatment 
of dystocia, and, if necessary, cesarean section. These and other surgi- 
cal procedures are the same as performed in domestic ruminants. 
Local anesthesia may be useful to produce “ring block” and effective 
analgesia for the removal of antlers in velvet (either complete, or 
partial following traumatic injury), and this is preferable to antler 
pedicle compression.” 


PHYSICAL EXAMINATION AND DIAGNOSTICS 


The diagnostic process for investigating disease in chevrotains, musk 
deer, and true deer is no different from that in other ruminants but 
takes into account the unique anatomic and physiologic features 
mentioned earlier. Blood samples usually are collected from the 
jugular vein or the ventral coccygeal vein. Tables 62-3 and 62-4 list 
selected hematologic and biochemical parameters. Interpretation of 
results should take into consideration the method of capture,*° han- 
dling, time delays after collection," and also differences between 
sexes and age categories.’ 


DI S EAS ES 14,15, 18,23,55,73 
Infectious Microbial Diseases 


Table 62-5 outlines the major microbial infectious diseases, but two 
diseases deserve further discussion. 

Chronic wasting disease (CWD), a unique transmissible spongi- 
form encephalopathy (TSE), has emerged as an important health 
problem in free-ranging and captive cervid populations in North 
including mule deer (Odocoileus hemionus), white-tailed 

Text continued on p. 621 


America,” 


TABLE 62-3 
Reference Ranges for Hematologic Parameters of Selected Tragulidae, Moschidae, and Cervidae 
Moschus Odocoileus Rangifer Cervus Muntiacus 
Parameter Tragulus napu moschiferus” virginianus Pudu puda tarandus Axis axis elaphus reevesi 
Red blood cell count 61.9-168.3 10-12 8.2-15.8 7.8-11.0 8.8-11.6 7.4-15.7 6.6-10.6 8.6-21.9 
(x105/microliter (uL)) 
Hemoglobin, gram per 11.0-15.6 14-18 11.5-16.7 12.6-17.6 13.5-20.1 10.6-19.4 10.8-18.2 11.7-17.7 
deciliter (g/dL) 
Hematocrit (%) 37.6-59.6 39-51 31.2-49.4 35.4-51.8 38.8-55.2 31.4-57.0 31.7-50.1 33.1-50.5 
Mean corpuscular 2.51—46.3 36-42 24.1-47.3 41.2-53.0 42.4-52.6 23.4-57.4 40.4-58.4 12.2-54.8 
volume (fL) 
Mean corpuscular 0.81—14.3 13-15 8.3-16.3 14.0-19.0 15.3-18.7 8.0-20.4 14.0—20.6 4.6-19.2 
hemoglobin, 
picogram (pg) 


Continued 
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Moschus Odocoileus Rangifer Cervus Muntiacus 
Parameter Tragulus napu moschiferus* virginianus Pudu puda tarandus Axis axis elaphus reevesi 
Mean corpuscular 21.8-32.6 33-39 32.8-37.8 30.3-38.3 31.8-38.4 27.2-40.4 31.0-38.0 31.2-40.0 
hemoglobin 
concentration (g/dL) 
White blood cell count 5.32-16.36 1-5 1.82-5.26 4.91-10.19 2.41-8.51 2.16-6.40 2.43-6.85 2.63-8.13 
(x103/uL) 
Segmented neutrophils 1.73-7.37 0.2-1.8 0.50-3.58 1.43-4.66 0.68-5.42 0.37-4.54 0.97-4.51 1.07-5.40 
(x105/uL) 
Lymphocytes (x10°/uL) 2.29-7.79 0.5-2.5 0.54-1.91 2.08-5.70 0.55-3.22 10.62-2.40 0.50-2.35 0.63-3.23 
Monocytes (x10°/uL) 0.051-1.20 0.1-0.3 0.01t-0.26 0.09-0.63 0.00-0.43 0.00t-0.32 0.02-0.35 0.00t-0.40 
Eosinophils (x10°/uL) 0.09-0.92 0.0-0.1 0.0-0.54 0.06-0.68 0.03-0.78 0.00t-0.29 0.00t-0.88 0.00t-0.27 
Basophils (x105/uL) 0.00t-0.44 0.0-0.1 0.01-0.08 0.04-0.16 0.00-0.23 0.01-0.06 0.00t-0.21 0.01-0.11 
Platelets (x105/uL) No data 23-277 287-583 115-435 275-521 26-570 83-509 160-422 


Sa a a ee ee 
Note: Data from ISIS*? except where marked *. 

*Data from San Diego Zoo Global clinical data. 

Range = one standard deviation below to one above the mean, except where the standard deviation was larger than the mean (marked T), in which case 
the lower value is the minimum value in the dataset. Data submitted by between 10 and 40 collections, depending on species. 


TABLE 62-4 a. 


Moschus Odocoileus Rangifer Cervus Muntiacus 
Parameter Tragulus napu moschiferus” virginianus Pudu puda tarandus Axis axis elaphus reevesi 
Total protein, gram per 6.2-8.0 6-7 5.1-7.1 6.7-9.1 5.7-8.1 5.8-7.2 5.8-7.4 5.4-7.2 
deciliter (g/dL) 
Globulin (g/dL) 2.4-4.6 — 2.3-4.7 3.3-5.7 2.5-4.3 2.7-3.9 2.2-3.8 2.1-3.5 
Albumin (g/dL) 3.2-4.8 4-5 1.9-3.5 2.7-3.9 2.8-4.2 2.7-3.9 2.9-4.3 2.7-4.3 
Calcium, milligram per 9:2—11:2 7-9 8.0-9.8 8.1-10.3 8.9-10.9 8.0-10.2 8.5-10.5 8.3-10.7 
deciliter (mg/dL) 
Phosphorus (mg/dL) 4.7-9.9 4-8 5.9-10.9 7.8-12.2 5.4-9.4 5.9-10.7 5.5-9.7 7.4—12.2 
Sodium, milliequivalent 142-156 145-155 140-148 145-155 139-149 141-151 139-147 144-158 
per deciliter (mEq/L) 
Potassium (mEq/L) 3.5-5.7 3-5 3.4-5.2 4.8-7.0 3.8-5.6 4.7-6.7 4.2-5.4 4.6-7.4 
Chloride (mEq/L) 103-113 108-117 97-109 95-105 95-105 99-107 98-106 101-113 
BUN (mg/dL) 20-34 30-48 17-37 24-40 20-56 19-31 17-33 22-38 
Creatinine (mg/dL) 0.7-1.3 0.9-1.5 1.1-2.1 0.8-1.4 1.1-2.1 1.5-2.5 1.2-2.6 0.9-1.7 
Glucose (mg/dL) 78-168 120-230 83-201 74-126 69-175 87-269 112-214 93-237 
Cholesterol (mg/dL) 17-61 — 45-85 54-114 46-90 83-155 37-81 86-158 
CPK, international unit 35-651 150-690 581-1599 791-1445 111-773 8t-1876 381-515 971-2444 
per liter (IU/L) 
LDH (IU/L) 702-1982 760-1295 370-1030 234-1204 244-994 48-1702 157-947 56-2736 
AP (IU/L) 48-300 7-730 Ot-443 31-1187 8t-774 111-641 71-469 181-568 
ALT (IU/L) 8-20 7-40 26-66 40-76 7-77 16-46 11-67 13-49 
AST (IU/L) 27-117 395-955 11-337 88-160 47-127 28-140 38-96 41-249 
GGT (IU/L) 9-33 17-35 32-122 211-254 1t-263 6t-298 11-77 6t-306 
Amylase, unit per liter 28-110 50-90 341-709 45-389 131-216 51-2981 25-127 24-204 
(Unit/L) 
Fibrinogen (mg/dL) 61-361 — 01-216 51-367 61-463 69-483 65-615 99-363 
ALT, Alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CPK, creatinine phosphokinase; 
GGT, gamma glutamyltransferase; LDH, lactic acid dehydrogenase. 
Note: Data from ISIS*? except where marked *. 
*Data from San Diego Zoo Global clinical data. 


Range = one standard deviation below to one above the mean, except where the standard deviation was larger than the mean (marked 1), in which case 
the lower value is the minimum value in the dataset. Data submitted by between 10 and 40 collections, depending on species. 
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deer, and moose. Although vertical transmission is experimentally 
possible, fecal—oral transmission is the likelier natural mode, with 
movement of infected animals being the main cause of geographic 
spread. Clinical signs are subtle and nonspecific, so diagnosis relies 
on finding spongiform lesions in histologic sections of the brain or 
by using positive immunohistochemistry on brain and lymphoid 
tissues for CWD-associated prion protein (PrP).’' Enzyme-linked 
immunosorbent assay (ELISA) has been used for field screening, but 
treatment and vaccination are still in development. 

Cervid tuberculosis (TB) continues to be an important disease in 
captive and free-ranging populations worldwide, with Mycobacterium 
bovis isolated from a range of cervid species.” Intradermal TB testing 
is fraught with problems, and certain species, including reindeer, 
commonly show nonspecific reactions.” Serologic testing has shown 
promise but still has to be developed and validated.’ Zoological 
institutions should perform regular TB testing on all cervids, includ- 
ing all incoming animals, using tuberculin skin testing in combina- 
tion with at least one ancillary test. Any animal with suspicious 
clinical signs should be investigated thoroughly with the use of 
radiography, bronchial lavage for acid-fast stain, culture and poly- 
merase chain reaction (PCR) test, blood sampling for immunoassays, 
and possibly lymph node biopsy for acid-fast stain, histology, culture, 
and PCR.” 


Parasitic Diseases 


Table 62-6 lists the most important parasitic diseases of deer. 
However, this list is far from exhaustive; for example, deer also may 
be hosts to lice (e.g., Damalinia sp.), ticks, mange mites (e.g., Sar- 
coptes and Demodex sp.), and keds, the populations of all of which 
may increase greatly during winter if the herd has limited shelter. 
Clinical signs include pruritus and hair loss, and in the chronic forms 
of mange, skin thickening also may occur. Tick-bite toxicosis has 
been described. 


Noninfectious Diseases 


Deer tolerate the climates in their natural habitats, but temperate 
species are susceptible to hyperthermia during summer in Australia, 
whereas tropical species lose condition and may die during extended 
cold and wet weather in the United Kingdom. Suitable, and suffi- 
cient, shelters are essential in both cases. Hypothermia or exposure 
is a common cause of neonatal mortality among tropical species in 
he United Kingdom, unless they are managed to prevent winter 
births, whereas starvation or maternal neglect, predation, and neo- 
natal septicemia are more common causes of death among temperate 
species. 

Deer often suffer from traumatic injuries. During rut, stags com- 
monly receive puncture wounds to the face, neck, forelimbs, and 
horax, but hinds also may be injured. Wild deer are commonly hit 
by motor vehicles and may need to be euthanized because of severe 
injuries. Captive deer hurt themselves running into fences when 
startled or during poorly executed capture procedures. Capture 
myopathy is a common sequel to physical capture and other stressful 
events (see Restraint and Handling), and in extreme cases, deer die 
rapidly from capture stress. Survivors may suffer from myopathy, 
with or without nephritis, and hemoglobinuria for 24 to 48 hours 
and take weeks to recover. Lameness may follow fighting or be 
caused by infections such as Fusobacterium necrophorum infection or 
by laminitis, solar bruising Gif animals are brought onto concrete 
yards from grass), or interdigital foreign bodies. 

Deer may be affected by many of the same nutritional diseases as 
those seen in domestic ruminants. Energy deficiency is common in 
temperate region winters because of reduced intake and increased 
demands, and exotic species will require supplementation. Native 
species may cope well unless they have additional energy demands, 
for example, heavy GI parasitism. In contrast, in reindeer, which 
naturally survive long periods without food, maintaining normal 
feeding over winter has been implicated in poor fertility. Accidental 
overfeeding of grains may cause rumen overload and _ acidosis, 
and any sudden change of diet may trigger clostridial disease. A 
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high-protein diet is also one possible cause of abomasal and duode- 
nal ulcers. These are reported primarily from farmed deer, and other 
suggested causes include stress, ingestion of sharp roughage, erosion 
or infection of parasite nodules, and fungal toxins. 

Copper deficiency may lead to many of the same clinical signs as 
in cattle and sheep, but proving the cause is often difficult. Pasture 
copper levels may be low, or the deficiency may be secondary to high 
concentrations of other elements (molybdenum, sulfur, or iron), to 
heavy gastrointestinal helminth infestations, or both. Enzootic ataxia 
is recognized in deer, usually in yearlings and adults. Excess magne- 
sium has been associated with urinary stone formation. Deer fed on 
apparently balanced, high-quality feeds may suffer from hypocalce- 
mia and hypomagnesemia, likely caused by chronic subclinical rumi- 
nitis and the resultant impaired mineral absorption. In these animals, 
muscle fasciculations and tetany often occur after anesthesia and 
should not be confused with re-narcotization. Other signs include 
dystocia, weak calves, laminitis, abnormal hoof growth, and poor 
coat and body condition.” Selenium deficiency in farmed deer may 
occur in areas where sheep also are affected. Deer show ill-thrift and 
have a pale, unkempt coat. In contrast, deer appear to be less sus- 
ceptible than sheep to cobalt deficiency. 

Although deer are selective feeders, cases of oak poisoning 
(Quercus species) have been reported after heavy falls of acorns, and 
oilseed rape (Brassica napus), ragwort (Senecio jacobaea), and foxglove 
(Digitalis purpurea) have caused deaths of deer in the United 
Kingdom. Mycotoxicosis, caused by ingestion of tall fescue (Festuc 
arundinacea) infected by the endophytic fungus Acremonium coeno- 
phialum is suspected to be the cause of fat necrosis (which may 
resemble neoplasia), reported in swamp deer (barasingha, Rucervus 
duvaucelii), brow-antlered or Eld deer (Rucervus eldii), and Javan deer 
(Rusa timorensis). Liver failure and facial eczema were reported in 
fallow deer, but not in red deer, that ingested sporodesmin, present 
in the spores of the fungus Pithomyces chartarum. 

A large number of neoplasms have been described previously. | 


DIFFERENTIAL DIAGNOSIS 


Sudden death may be caused by microbial infections such as malig- 
nant catarrhal fever (MCF), clostridial diseases, pasteurellosis (par- 
icularly following transport or other stress), and yersiniosis 
(especially in weaned calves). Anthrax may occur sporadically, but 
in some areas, it may be a frequent, often seasonal problem. Non- 
microbial causes include heavy lungworm infestations, overwhelm- 
ing liver fluke infection (especially in roe deer), and acute stress or 
peracute capture myopathy. Loss of condition may be caused by 
uberculosis or paratuberculosis Johne disease) and by chronic para- 
sitism (especially liver fluke or GI nematodiasis), malnutrition (e.g., 
copper deficiency), or chronic wasting disease. Individual animals 
may lose condition with many infectious and noninfectious diseases, 
including neoplasms. 

Signs of respiratory disease are seen with bacterial, viral, and 
fungal pneumonias, heavy Dictyocaulus infestations, nasal bots, neo- 
plasms, or as part of generalized infections such as tuberculosis and 
MCE Inhalation pneumonia may occur in bottle-fed calves or fol- 
owing regurgitation in immobilized animals. Chronic pleurisy or 
pleuropneumonia may be sequelae to trauma to the thorax, espe- 
cially fighting injuries and road traffic accidents. 

Green, watery diarrhea, possibly with blood, is seen commonly 
in cases of acute yersiniosis. Similar soft or watery feces also may be 
a sign of GI nematodiasis, particularly when the animals are also 
osing weight and have fecal soiling around the anus, tail, and hind- 
egs. Dysentery may be a feature of MCF and enterotoxemia, although 
death often occurs before changes in feces occur, and of shock- 
induced hemorrhagic enteritis. Chronic cases of paratuberculosis 
may include intermittent diarrhea, but this is less characteristic than 
he severe loss of condition. Similar, but usually more subtle, signs 
are a feature of copper deficiency. Diarrhea is also a presenting sign 
of bovine viral diarrhea. The disease is uncommon in deer, but cases 
with lameness, weakness, and dehydration, but not oral ulceration, 
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have been reported. Neonatal enteritis is a frequent problem among 
farmed deer and is caused by the same pathogens as in domestic 
ruminants, particularly Escherichia coli, rotavirus, and Cryptosporid- 
ium parvum. Campylobacter jejuni is sometimes found in fecal samples 
from calves dying after the neonatal period, but the significance is 
not clear. 

Neurologic signs in deer may be caused by tetanus, bacterial 
meningoencephalitis (especially listeriosis), MCF chronic wasting 
disease, cerebrospinal nematodiasis, the enzootic ataxic form of 
copper deficiency, capture myopathy, louping ill, cerebrocortical 
necrosis (thiamine deficiency), and rarely, neoplasms. 

Keratoconjunctivitis sometimes occurs as an outbreak in farmed 
deer, particularly following mixing and overcrowding. Infectious 
causes such as Moraxella bovis and Listeria monocytogenes may be 
found, but often no pathogen is predominant, although subconjunc- 
tival antibiotic injections are reported to be highly effective. Predis- 
posing factors include a dusty environment, flies, and larvae of the 
nasal bot (Cephenemyia species). 


TREATMENT 


Few drugs are licensed for use in deer, but many products for domes- 
tic ruminants have been used safely and effectively. The following 
antibiotics have been given to deer at cattle dose rates and routes of 
administration: amoxicillin, amoxicillin—clavulanic acid, cephalexin, 
co-trimazine, enrofloxacin, marbofloxacin, oxytetracycline, and 
benzyl penicillin sodium. For the treatment of nematode infections, 
fenbendazole, albendazole, oxfendazole, levamisole, doramectin, 
and moxidectin may be used at cattle dose rates, but ivermectin is 
safe and may be more effective at 0.4 mg/kg body mass, or double 
the cattle dose rate. Other parasiticides recommended for use at 
domestic ruminant dose rates include nitroxynil, closantel, clorsulon 
(with ivermectin), and triclabendazole for trematode infections, imi- 
docarb for babesiosis, diclazuril for coccidiosis, and permethrin and 
amitraz for ectoparasitism. 


PREVENTIVE MEDICINE 


Good management is at the heart of preventive medicine. Enclosures 
for captive deer should meet the behavioral and physiologic needs 
of the species held (see Special Housing Requirements). Herd size 
and composition should be maintained according to the enclosure 
size and type to minimize the risk of contamination by infectious 
organisms, allow regeneration of vegetation, and prevent stress and 
aggression within the group. Thus, a carrying capacity should be set 
for the enclosure and excess animals culled. In particular, in groups 
with a stag, harem, and calves, subadult males should be removed 


TABLE 62-7 


Parameter 
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before they start to threaten the stags position, unless this natural 
behavior, as well as the likelihood of injuries, is accepted and suf- 
ficient land is available for the coexistence of bachelor groups. 
Immunocontraception with porcine zona pellucida (PZP) and, more 
recently, gonadotropin-releasing hormone (GnRH) vaccines has been 
employed successfully to control reproduction in deer.””” Feeding 
(including access to vegetation within the enclosure) should meet 
the physiologic needs of all individuals in the herd (including calves 
and subdominant animals) and should be performed in such a way 
that all individuals have access to feeds. 

Health monitoring should include regular population counts, 

assessment of body condition and signs of ill-health, routine fecal 
parasite screening, and necropsy following any unexplained deaths. 
It may be helpful to weigh and examine calves if caught for ear- 
tagging and to take opportunistic diagnostic samples (feces, blood) 
whenever an individual is restrained for any procedure. Routine 
anthelmintic treatment should be based on a knowledge of the resi- 
dent helminths and their life-cycles (see Disease) and also the sus- 
ceptibility of the species, as many deer harbor GI nematodes without 
showing clinical signs.” However, this situation may change if the 
stocking density is too high or in a deer farming situation. Alternative 
parasite control strategies will be increasingly necessary to address 
concerns of anthelmintic resistance.*' Vaccinations (e.g., multivalent 
clostridial vaccine) should be similarly based on knowledge of local 
disease risk and species susceptibility. However, unlike anthelmintic 
reatments, which may be given orally (most efficiently if added to 
he concentrate pellet), vaccinations need to be injected by hand or 
dart, so good handling and restraint facilities are essential. 
Any animals to be imported should be tested for evidence of 
infectious disease (particularly helminths and chronic bacterial infec- 
ions such as tuberculosis) before transport and should undergo a 
period of quarantine after arrival, during which they are monitored 
for signs of disease and the presence of pathogens. 


REPRODUCTION 


Breeding in deer originating from temperate regions of the world is 
seasonal (Table 62-7).” Rut occurs in the fall season, followed by 
mating as individual hinds come into estrus. Gestation lasts over 
winter in the large species, and calves are born in spring. One excep- 
tion is the roe deer, in which pregnancy lasts about 5 months. Rut 
takes place in summer, but the fertilized ovum does not implant until 
the shortest day of the year, so that the calf is born in spring. 
Reproduction is triggered by the shortening day length, which 
stimulates the pineal gland to initiate one or two silent ovulations, 
followed by regular estrus cycles over the next 4 to 6 months. More 
commonly, mating at the first or second cycle results in pregnancy. 


Fallow Deer Axis Deer Red Deer Moose Reindeer 

Puberty (age) 12-24 months <12 months 12-24 months 12-24 months 12-24 months 
Estrus cycle (days) 21-23 27-30 18-20 24-27 24 
Gestation (days) 225-234 229 223-238 227-239 210-238 
Pregnancy determination Plasma progesterone — Plasma progesterone — — 

54 ng/mL after >4 ng/mL after 

breeding season breeding season 
Placentation Syndesmochorial Syndesmochorial Syndesmochorial Syndesmochorial Syndesmochorial 


Progesterone (ng/mL) Estrus 1-2, luteal phase — 


Estrus 1-2, luteal — — 


phase 
Nongravid 2-4 2-4 
Gravid 4-10 4-10 


ng/mL, Nanogram per millilter. 
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Ovulation occurs approximately 24 hours after the onset of estrus. 
Pregnancy usually is detected by testing plasma progesterone (greater 
than 4 nanograms per milliliter [ng/mL]) after the breeding season, 
but avoiding stress is important because the adrenal gland also may 
secrete progesterone. In the male, the shortening day length also 
stimulates luteal hormone secretion, which, in turn, activates testicu- 
lar development, spermatogenesis, and secretion of testosterone. The 
increase in testosterone is responsible for antler mineralization and 
other secondary sexual characteristics. Stags continue to be fertile in 
early spring until testicles regress and antlers are shed. 

Tropical deer show little or no seasonality and may breed through- 
out the year. When moved to a temperate region, some remain asea- 
sonal (e.g., Reeve muntjac, Muntiacus reevesi), others show a wide 
breeding season (e.g., axis deer [chital, Axis axis] in Australia), and 
a few such as the Javan deer exhibit reverse seasonality: spring rut 
and conception; and fall or winter calving. 

The reproductive biology of the chevrotains is poorly understood. 
They are solitary except at breeding times. In the male, the penis is 
spiral shaped at the tip, and the scrotum is poorly defined. Gestation 
is approximately 5 months in the Asian species and 6 to 9 months 
in the water chevrotain (Hyemoschus aquaticus), and usually a single 
calf is produced. Postpartum estrus and mating usually occurs after 
1 or 2 days. The young are weaned at 3 months of age and reach 
sexual maturity at 4 to 5 months (greater mouse deer, Tragulus napu) 
or 10 months (water chevrotain).” 
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CHAPTER 3 


Bovidae (Except Sheep and Goats) 
and Antilocapridae 


Barbara A. Wolfe 


GENERAL BIOLOGY 


Formerly classified in the order Artiodactyla, even-toed ungulates 
have been reclassified, on the basis of recent molecular evidence, to 
the order Cetartiodactyla, which includes the families Cetacea, Hip- 
popotamidae, Camelidae, Suidae, Tayassuidae, Tragulidae, Moschi- 
dae, Cervidae, Giraffidae, Bovidae, and Antilocapridae ° The last six 
of these families belong to the suborder Ruminantia. Antilocapridae 
consists of a single species, the pronghorn Antilocapra americana, 
whereas Bovidae consist of eight subfamilies: Aepycerotinae, 
Alcelaphinae, Antilopinae, Bovinae, Cephalophinae, Caprinae, Hip- 
potraginae, and Reduncinae. General taxonomy and characteristics 
of Antilocapridae and Bovidae are listed in Table 63-1. 


Antilocapridae 


Pronghorns (Antilocapra americana) are the sole species of the family 
Antilocapridae and are distinct from cervids and antelopes in that 
they possess forked horns, which are shed annually.' Five subspecies 
exist: A.a. anteflexa, A.a. oregona, A.a. mexicana, A.a. peninsularis, and 
A.a. sonoriensis. Ranging throughout western North America from 
northern Mexico to southern Canada, pronghorn are found in open 
areas of prairies and deserts, eating primarily forbs, browse, and 
grasses. The Sonoran and Peninsular subspecies are considered 
Endangered according to federal classification. Although extremely 
fast runners, they are not agile jumpers, and local populations have 
been fragmented by fencing.’ They are extremely fractious, are 
prone to stress hyperthermia, and may be difficult to maintain in 
captivity. ” Pronghorns are fall breeders, producing twins in spring, 
and are the only known ungulates to exhibit multiple paternity.’ 


Bovidae 


The diverse family Bovidae consists of 143 known species, ranging 
in size from the 3-kilogram (kg) royal antelope to the 1200-kg gaur. 
Bovids are found across all of mainland Africa and in 30 countries 
in Europe, the Middle East, and Asia. Four subfamilies exist only in 
the African continent; none is native to Australia or Antarctica; and 
only bison (Bison bison) are native to the Americas. 


UNIQUE ANATOMY 


Bovid species are characterized by the presence of horns composed 
of keratinized sheaths covering a bony prominence of the frontal 
bone, which are never shed. All males, and the females of some 
genera, possess horns. Only Tetracerus quadricornis, the four-horned 
antelope, possesses more than two horns. Most bovid horns continue 
to grow throughout life and are unbranched, varying in shape from 
short spikes to long, curved, and spiraled structures. 

Bovids and pronghorns are true ruminants, possessing four spe- 
cialized stomach chambers. Pronghorns and other primarily grazing 
species have a large, stratified rumen, a smaller reticulum, a well- 
developed omasum, a larger abomasum, and roughly twice the rela- 
tive intestinal length (25-30 times body length) of browsing species. 
This anatomy is adapted for digestion of large amounts of cellulose. 
Browsers have a smaller rumen, with evenly distributed, dense 
ruminal papillae, and tend to have comparatively larger salivary 
glands and livers compared with grazers.” A gallbladder is usually 
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present in bovids, and the kidneys may or may not be lobulated.1” 
Reproductive anatomy is similar to that of domestic cattle in most 
bovids, with the exception that females of some species such as the 
Hippotraginae demonstrate duplex uteri, in which the cervix is bifur- 
cated, creating a physical separation between the uterine horns with 
no uterine body. 

Bovid and pronghorn species lack upper incisors and canines. 
The dental formula is: incisors (I) 0/3, canines (C) 0/1, premolars 
(P) 3/3, molars (M) 3/3, to a total of 32. Scent glands vary in size 
and location and may be found in the subauricular, prefrontal, fore- 
head, submandibular, inguinal, interdigital, metacarpal, and prepu- 
tial regions. 

Bovids have an unguligrade stance, walking on well-developed 
hooves on the third and fourth digits of each foot. The second and 
fifth digits, if present, are called dewclaws. The hooves of each species 
have a characteristic size and shape adaptively suited to their habitat. 


MANAGEMENT AND HUSBANDRY 
Population Management 


The 21st century has brought a grim outlook to the conservation of 
nondomestic bovid species. Ever-increasing human populations and 
their livestock encroaching on natural habitats, agriculture, transpor- 
tation infrastructure, and fencing are some of the factors causing 
disruption of habitat and migration and are decreasing population 
size and genetic diversity across the taxon. In captivity, a loss of 
nearly 1000 spaces for antelope between 1999 and 2011 and a 
predicted decline in future space are reported by the Association of 
Zoos and Aquariums (AZA) Antelope Taxon Advisory Group.” Of the 
82 species of ungulates in AZA collections, 42% are in decline or 
have a negative growth rate. Few sustainable bovid populations— 
those that are able to persist indefinitely without supplementation— 
exist, either in the wild or in captivity. Over 25% of antelope species 
are threatened by extinction, three exist in populations of fewer than 
500 individuals, and many are not represented by captive popula- 
tions, all of which increases the risk of extinction.** Recent recom- 
mendations to manage antelope in larger, less intensively managed 
groups have been based on (1) the difficulty of maintaining genetic 
diversity in small, isolated captive populations; (2) the risk of trans- 
porting animals for breeding purposes; (3) advanced methodology 
in genetics and population modeling; and (4) the relative success of 
large-landscape game ranches in population management.””” 


Special Housing Requirements 


Pronghorns in the wild are accustomed to wide open spaces in arid 
regions and may tolerate wide temperature fluctuations. They often 
do not thrive in captivity and are compromised by high humidity, 
unnatural social structure, novel stimuli, and enclosed spaces. They 
are more likely to crawl under fencing than to jump over fencing 1.5 
meters (m) or higher, but until accustomed to an enclosure, this 
fractious species should have visible sight barriers and minimal 
obstacles near fence lines to reduce trauma. A shelter that does not 
restrict view may be preferred by pronghorns over an enclosed 
barn.'° In captivity, they benefit behaviorally from frequent human 
proximity from a young age to maintain tractability. Pronghorns are 


CHAPTER 63 © Bovidae (Except Sheep and Goats) and Antilocapridae 


627 


TABLE 63-1 EE 


Female Sexual _ Gestation 
Genus (# Adult Weight Maturity Length Lifespan Feeding 
Species) Common Name (kilograms) (months) (months) (years) Strategy IUCN Status 
SUBFAMILY AEPYCEROTINAE 
Aepyceros Impala 40-80 18-24 6.5-7 15 İ LC 
SUBFAMILY ALCELAPHINAE 
Alcelaphus Hartebeest 120-200 18-30 8 G He 
Beatragus Hirola (Hunter's hartebeest) 80-118 — 7.5-8 — G CE 
Connochaetes (2) Black, blue vvildebeest 110-180 18-30 8-8.5 20 G LC 
Damaliscus (3) Topi, tsessebe; blesbok/ 75-160; 55-80 18-30 7.5-8.5 12-17 G LC 
bontebok 
SUBFAMILY ANTILOPINAE 
Ammodorcas Dibatag 22-35 12-18 6-7 10-12 B VU 
Antidorcas Springbok 30-45 6-9 5.5-6 20 | LC 
Antilope Blackbuck 25-35 18-24 5-6 10-12 | NT 
Dorcatragus Beira 9-11.5 — 6 — | VU 
Eudorcas (4) Mongalla, red-fronted, Red, 25-30 9 6 14.5 G LC; VU; DD; NT 
Thompson gazelle 
Gazella (10) Arabian, Indian, Queen of 15-25 7-12 6-7 12 | DD; LC, EX; EN; 
Sheba, Cuvier, Dorcas, VU; VU; EN; 
mountain, slender- EX; EN; VU 
horned, Saudi, Speke, 
goitered gazelles 
Litocranius Gerenuk 30-50 12-18 6.5-7 10-12 B NT 
Madoqua (4) Kirk, Gunther's, silver, 2.2-7 6-8 5-6 10 | Le 
Salt's dik-dik 
Nanger (3) Dama (Addra, Mhorr), 35-75 6-18 6-6.5 12-14 |; B; G CE; LC; VU 
Grant, Soemmerring 
gazelles 
Neotragus (3) Suni; pygmy/royal antelope 1.5-6 12-18 6 6-10 B LC 
Oreotragus Klipspringer 10-18 12 7 15 l LC 
Ourebia Oribi 15-20 9 6.5-7 14 | LC 
Procapra (3) Mongolian gazelle 20-29 18-24 6.1 7 G LC 
Tibetan/Przewalski gazelles 13-32 12-24 5.5-6 8 | NT; EN 
Raphicerus (3) Steenbok; Grysbok 7-23 6-9 5.5-6 8-12 | LG 
Saiga Saiga 20-50 8 4.5 6-10 B CE 
SUBFAMILY BOVINAE 
Bison (2) American; European 545-1,000 24-36 8-10 25-27 G; | NT; VU 
Bos (5) Gaur; banteng; kouprey 600—1,000 24-36 9-9.5 20-30 G; I; 1 VU; EN CE 
Yak 305-820 72 8.5 23 G VU 
Auroch — — — — — EX 
Boselaphus Nilgai 120-240 18 8 21 | LC 
Bubalus (3) Indian (Asian) water buffalo 800-1,200 18 10-11 25 | EN 
Bubalus Anoa; tamaraw 200-300 24-72 9-10.5 20-25 I; G EN; CE 
Pseudoryx Saola 80-100 Not available 7.5-8 8-9 B CE 
Syncerus African buffalo 300-900 36-60 11.5 18-20 G LG 
Tetracerus Four-horned antelope 15-25 — 7.5-8 10 | VU 
Tragelaphus (9) Greater kudu; bongo; 120-400 14-36 7-9 15-23 | LC; NT; EN 
mountain nyala 
Lesser kudu; bushbuck; 25-140 9-36 6-8 12-19 l NT; LC; LC; LC 
Nyala; Sitatunga 
Common, giant eland 300-1,000 14-36 9 25 | LC 


Continued 
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TABLE 63-1 
Female Sexual Gestation 
Genus (# Adult Weight Maturity Length Lifespan Feeding 
Species) Common Name (kilograms) (months) (months) (years) Strategy IUCN Status 
SUBFAMILY CEPHALOPHINAE 
Cephalophus (15) Bush, black, zebra, 7-80 — — B CE 
red-flanked, yellovv- 
backed duiker 
Abbott, Jentink duikers 50-80 8 21 B E 
Philantomba Blue, Maxvvell duikers 4-10 0.9-12 6-7.5 10-12 B LC 
Sylvicapra Common duiker 10-20 9-10 6-7 14 B LC 
SUBFAMILY HIPPOTRAGINAE 
Addax Addax 60-125 8.5 19 CE 
Hippotragus Bluebuck — — — — EX 
Roan, sable antelope 190-300 24-36 9 17 ; G LC 
Oryx (4) Arabian oryx 65-70 18-24 8.5-9 20 VU 
Beisa oryx; gemsbok 150-240 18-24 8.5-10 18-22 NT; LC 
Scimitar-horned oryx 180-200 18-24 8-8.5 20 EW 
SUBFAMILY REDUNCINAE 
Kobus (5) Kob; red lechwe; Nile 50-130 18-24 7-9 15-21 G LC; LC; EN; NT 
lechwe; Puku 
Waterbuck 150-250 12-16 8.5-9 18 | LC 
Pelea Rhebok 18-30 7 8-10 l LC 
Redunca (3) Southern, mountain, Bohor 40-95 7.75 16 G Le 
reedbuck 


SS mmm 
B, Browser; CE, critically endangered; EN, endangered; EW, extinct in the wild; EX, extinct; G, grazer; /, intermediate; LC, least concern; NT, near threat- 


ened; VU, vulnerable. 


relatively tolerant of species with which they have historically grazed 
(bison, elk, and deer); however, interspecific aggression has been 
documented." 

Housing and husbandry practices for antelope and cattle species 
vary widely, depending on management goals, climate, and available 
space. Fences and bomas may be constructed of a variety of materials 
and should be a minimum of 2.5 m (8 feet) in height and designed 
with the species size, temperament, and jumping ability in mind. 
Fences with sight barriers are beneficial in management areas to 
prevent trauma and between adjacent enclosures to prevent aggres- 
sion and fence damage. Electric wires may be useful for keeping 
animals away from fence lines but may also present an entrapment 
and trauma risk through horn entanglement. Space and temperature 
recommendations are listed in Table 63-2. Some species may experi- 
ence regular hoof problems when housed on substrates to which 
hey are not adapted. For example, hoof abscesses may be common 
in desert species exposed to muddy conditions for prolonged periods. 
Indoor substrates should be considered with regard to hoof hardness 
and wear to minimize trimming and hoof lesions. 

Shelter conditions should take into account the natural history 
of the species and ambient conditions. Desert-adapted animals may 
tolerate high temperatures (238°C [100°F]) provided adequate 
water and shade are available, but most desert and tropical species 
need to be housed indoors during the cold season in colder regions. 
Frostbite and ear tip loss are frequently seen at temperatures below 
9°C (15°F). Forest and cold-adapted or altitude-adapted species 
may require more shade during the warm season, and shelters for 
all species should provide cover and windbreaks facing away from 
prevailing winds.'° Forest species such as duikers will benefit from 
plantings or other structures that support hiding behaviors. Indoor 
housing should provide temperatures between 10°C and 27° C 
(50°F-80°F), with adequate ventilation to control humidity and 
reduce ammonia concentrations. 


Nutrition 


Feeding the Neonate 

Maternal rejection is not uncommon in captive nondomestic rumi- 
nants. If a calf cannot be raised by its dam, hand rearing is labor 
intensive and requires early intervention to provide the calf with the 
best chance of survival. Neonatal ruminants acquire immune protec- 
tion passively through ingestion of maternal colostral immunoglobu- 
lins (IgG) in the first 24 to 48 hours of life. The calfs ability to absorb 
antibodies ends approximately 24 hours after the first meal,'? and 
failure of passive transfer (FPT) occurs when inadequate levels of 
IgG are absorbed during this period. Even calves nursing from their 
dams may experience FPT by ingesting colostrum in inadequate 
volume or low IgG content, and FPT calves are highly susceptible 
to disease, often into the postweaning period. The prophylactic use 
of parenteral antimicrobials in calves with FPT should be considered 
but must be combined with colostrum replacement and management 
practices that minimize pathogen exposure. The first choice for 
colostrum replacement should be oral administration of fresh or 
frozen intraspecific colostrum, followed by low-temperature pasteur- 
ized cows colostrum, commercial freeze-dried cows colostrum 
replacer, and commercial bovine plasma. Feed calves 10% of their 
body weight in colostrum, or 5 grams per kilogram (g/kg) colostrum 
replacer, over the first 24 to 48 hours. Tests for FPT are readily avail- 
able.” If passive transfer is inadequate after 48 hours, calves may 
receive parenteral conspecific plasma or commercial bovine plasma 
(20-40 milliliters per kilogram [mL/kg]). 

Milk composition varies considerably among species, and a for- 
mulas composition should mimic that of the dams milk in protein, 
carbohydrate, fat, and total solids. Goats milk is a good choice for 
many species, alone or in combination with a milk replacer. However, 
milk may be low in vitamin E, zinc, copper, and iron, necessitating 
vitamin and mineral supplementation. Probiotics may also be 
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TABLE 63-2 
Minimum Minimum Minimum 
Barrier Height Exhibit Size Holding Size Temperature 
Common Name Native Range Native Climate (feet) (square feet) (square feet) (°F) 
Pronghorn Not available Temperate 8 600 200 45-100 
SUBFAMILY AEPYCEROTINAE 
Impala African Tropical 8 600 200 45-100 
SUBFAMILY ALCELAPHINAE 
Hartebeest, wildebeest, bontebok, African Tropical 8 600 200 45-100 
blesbok, topi 
SUBFAMILY ANTILOPINAE 
Dik-dik, royal antelope, steenbok, African Tropical 8 200 140 45-100 
klipspringer 
Suni African Arid 8 200 140 45-100 
Addra, Mhorr, Dorcas, Speke gazelle African Arid 8 400 92 45-100 
Grant, Thomson’s, slender-horned, African Tropical 8 400 92 45-100 
red-fronted, 
Soemmerring gazelle 
Saudi goitered gazelle Asian Arid or tropical 8 400 92 45-100 
Cuvier gazelle African Arid 8 600 92 45-100 
Springbok African Arid 8 400 140 45-100 
Gerenuk Atrican Arid 8 400 140 60-100 
Blackbuck Asian Tropical 8 400 140 45-100 
SUBFAMILY BOVINAE 
Common, giant eland African Tropical 10 600 200 45-100 
Lowland nyala African Tropical 600 200 45-100 
Eastern bongo 
Lesser, greater kudu 
Sitatunga 
Nilgai Asian Tropica 8 600 200 45-100 
Bushbuck African Tropica 8 400 140 45-100 
SUBFAMILY CEPHALOPHINAE 
Crowned, Maxwell blue, red-flanked African Tropica 8 200 140 45-100 
duiker 
Bay, black duiker African Tropica 8 400 140 45-100 
Yellow-backed duiker African Tropica 8 600 200 45-100 
SUBFAMILY HIPPOTRAGINAE 
Roan, sable antelope African Tropica 8 600 200 45-100 
Addax, gemsbok scimitar-horned, African Arid 8 600 200 45-100 
Arabian oryx 
Beisa, fringe-eared oryx African Arid or tropical 8 600 200 45-100 
SUBFAMILY REDUNCINAE 
Common, Defassa waterbuck African Tropical 8 600 200 45-100 
Uganda kob red, Nile lechwe 
Rhebok African Tropical 8 400 140 45-100 
*Personal communication: D. Beetem and M. Fischer, AZA Antelope Taxon Advisory Group. 


beneficial in establishing a healthy rumen flora. Calves should 
receive 8% to 15% of their body weight in formula every 24 hours, 
divided into four to six feedings per day. Resources are available to 
assist with milk replacer formulation and methods of feeding.**” 
In the first 2 to 3 weeks of a ruminant’ life, milk digestion 
occurs in the abomasum and small intestine. Milk deposited into the 
nonfunctional rumenoreticulum during this period is not digested 
and may lead to rumenitis and septicemia.’ For this reason, tube 
feeding or force feeding a calf with a poor suckle response may be 
harmful. Closure of the esophageal groove is stimulated by suckling 


and normally prevents this deposition. If tube feeding is necessary 
in the first weeks of life, a tube passed to the mid-esophagus may 
stimulate swallowing and closure of the groove. Additionally, oral 
administration of 10% sodium bicarbonate or 2% to 5% copper 
sulfate prior to milk feeding may facilitate groove closure for several 
minutes. By 2 to 3 weeks, the ruminal papillae are stimulated, and 
the calf begins to take in small amounts of dry feed. Changes in 
gastrointestinal (GI) flora occur throughout this period and until 
weaning (around 4 months), often manifesting as changes in fecal 
consistency. 
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Feeding the Adult 

Many of the common health problems of nondomestic ruminants 
have recently been associated with direct or indirect dietary causes.'! 
Chronic weight loss, rumen acidosis or rumenitis, laminitis, hoof 
overgrowth, and periodontal disease have all been attributed, at least 
in part, to historical feeding of all exotic bovids diets designed for 
domestic cattle. Cattle are grazing species, but many of the nondo- 
mestic Bovidae are intermediate or browse feeders. Browsers are 
adapted to eating the leaves and twigs of woody plants, intermediate 
eeders to both browse and grasses, and grazers to consuming grasses 
(see Table 63-1). All of these forages are fermented by the microbes 
of the ruminoreticulum, which produce fatty acids, providing energy 
o the ruminant. The grazer rumen is adapted for fermenting the 
high cellulose content in grasses through prolonged fermentation 
and particle retention, compared with the smaller, less muscular 
browser rumen. Consequently, browsers tend to eat less hay and are 
often fed higher amounts of pelleted concentrate to compensate for 
low hay consumption. High levels of easily digested carbohydrates 
such as starch and sugar, often found in pelleted concentrates, are 
too rapidly fermented in the rumen, leading to rumen acidosis. The 
ideal rumen pH range is 6.7 + 0.5, and variation from this results in 
disturbance of the microflora. Altered and depleted rumen flora 
decrease the energy delivered to the ruminant, which results in 
weight loss. In response, many of these animals will receive increased 
amounts of concentrate, which compounds the problem. Rumen 
acidosis and resulting rumenitis may also lead to systemic acidosis, 
mineral imbalances, and laminitis or abnormal hoof growth. 

Appropriately formulated pelleted feed for browsers should be 
based on a high-fiber forage meal such as aspen, alfalfa, soy or sun- 
flower hulls, or cellulose powder, and should contain (1) a high- 
pectin, low-sugar energy source such as beet pulp; and (2) limited 
amounts of grain and corn.'' A low-starch, high-fiber pelleted diet 
that meets these criteria has been recently formulated for browsing 
and intermediate ruminants (Wild Herbivore and Wild Herbivore 
Plus; Mazuri Zoo Feeds, PMI Feeds, St. Louis, MO). The recom- 
mended feed intake is 1.5% to 2.5% of body weight per day in 
addition to ad libitum grass or legume hay, and supplementation 
with natural nontoxic browse is recommended for all browsers. 
Grazers are generally fed commercial herbivore pelleted concentrate 
diet containing 12% to 18% protein and 16% to 25% acid detergent 
fiber at approximately 1% body weight per day in addition to hay. 
Salt blocks should be available at all times, and trace mineral salt 
blocks should be available to herds primarily on pasture or not 
receiving trace mineral balanced concentrates. 

Adult bovids experiencing negative energy balance and weight 
loss from illness may require nutritional support during treatment. 
Commercially available products useful for boosting caloric intake 
include Low Odor MEGALAC Rumen Bypass Fat (Arm & Hammer, 
Church & Dwight Co., Inc., Princeton, NJ) and Wild Herbivore 
Boost (Mazuri Zoo Feeds, PMI Feeds, St. Louis, MO). These com- 
promised animals may also benefit from transfaunation with rumen 
contents collected from a healthy conspecific. Tube feeding rumi- 
nants may be challenging because of the consistency and volume of 
feed they require; a commercial tube-feeding formula is available for 
herbivores (Critical Care, Oxbow Pet Products, Murdock, NB).!” 


RESTRAINT AND HANDLING 


Restraint is an important aspect of medical practice in nondomestic 
ruminants, requiring careful planning and experience.” Because of 
the size and fractious nature of the species, most wild bovids require 
restraint for any type of physical examination for the safety of both 
the animal and the handlers. Capture and restraint of animals in the 
wild is conducted by a multitude of means, including drive nets, 
drop nets, net guns, bomas, chutes, traps, and remote injection. 
Some of these procedures require helicopters and specialized train- 
ing and are conducted by full-time capture professionals. In zoologic 
settings, capture and restraint capabilities depend on the facilities 


and expertise available, and each procedure conducted must be 
planned with the animal, handler ability, and equipment in mind. 
Restraint may be classified as physical, behavioral, and chemical, 
and many procedures in these taxa will require some combination 
of all three methods. Planning for any restraint procedure should 
ake into account the goal, the conditions (e.g., restraint type and 
capability, ambient temperature, footing, enclosure size), and the 
emperament of the animal.” Restraint planning should also include 
plans for alternative physical and chemical restraint and emergency 
release in case of injury, failure of behavioral compliance, or signs 
of severe distress in the animal. Safety of the personnel and the 
patient are the primary considerations. Any manipulation of bovids 
and pronghorns may result in extreme panic, self-injury, capture 
myopathy (see Noninfectious Disease), and even sudden death, 
necessitating efficiency of time and force used to achieve the goal of 
restraint. 


Behavioral Restraint 


Continuous development of improved behavioral management tech- 
niques in captive settings has allowed for procedures that once 
required anesthesia to be performed with minimal restraint. Some 
species accustomed to human proximity may be managed to a degree 
with little or no physical restraint through training of specific behav- 
iors such as placing feet for hoof trimming. Desensitization and 
operant conditioning may be used to train animals to move calmly 
o a restraint area, enter a chute or crate, lie down, or tolerate minor 
procedures, but special attention to the explosive nature of many 
bovids requires slow, deliberate movements, quiet conditions, and 
safety precautions. Movement may be aided by careful design and 
planning of stalls, doors, hallways and chute approach, and the use 
of baffle boards may protect the handler and assist in movement. 


Physical Restraint 


Manual Capture and Restraint 

Smaller species may be manually restrained by experienced handlers 
for brief procedures or induction of anesthesia after being caught by 
hand or with hoop nets. Restraint should be initiated on an isolated 
animal in a darkened, quiet, obstacle-free enclosure that is smal 
enough to minimize the risk of injury to the animal but large enough 
to allow free movement and escape of the handlers. A stall with 
padded walls and hay or straw floor substrate is optimal for anima 
safety. A minimum of two handlers should perform the capture, 
depending on the size and temperament of the animal, and the 
handlers should wear protective clothing, footwear, eyewear and 
gloves. Hand restraint in bovids under 5 kg may be accomplished 
by a single handler by quickly lifting the animal, supporting the 
abdomen and spine against the handler’s body, and restraining the 
head and legs. Restraint of medium-sized animals may be initiated 
by catching the head and quickly pushing the animal against a wall, 
pad, or floor with head restraint and placing a knee under the flank, 
with a second handler restraining the rear legs. Horns may be used 
or restraint of most species, but young animals or those with thin 
horns may be prone to horn avulsion. The head and legs should be 
ightly restrained to prevent the use of horns and hooves, and place- 
ment of a hand or a pad between the hocks may help to prevent 
self-trauma. The duration of physical restraint should be minimized 
o prevent distress and hyperthermia, and a clear airway and ade- 
quate chest excursion should be ensured at all times. Use of a blind- 
old may reduce struggling. If an animal is to be restrained repeatedly, 
short pieces of hosing placed on the horn tips improves safety for 
he handlers. Release should be coordinated such that handlers act 
quickly and in concert, directing the animal toward a clear path and 
o an open area that provides the patient with a sense of refuge and 
minimizes the risk of injury. 


Mechanical Restraint 

The development of sophisticated chute systems for hoof stock has 
allowed for the handling of entire herds of nondomestic bovids 
rapidly and without chemical restraint.”” Procedures such as 
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venipuncture, vaccination, tuberculin testing, physical examination, 
reatment of minor conditions, hoof trimming, and reproductive 
procedures may be conducted without chemical restraint in an effec- 
ively designed chute system. In designing a restraint, considerations 
such as maneuvering animals from a pen into the chute, the ability 
o stop and sort animals within the system, the inclusion of movable 
rear walls for pushing resistant animals, the presence of a scale within 
he system, and multiple exit routes may be critical to creating a 
process that is efficient and safe, minimizing time and stress to the 
animals. Desensitizing animals to any chute system by incorporating 
movement through the system into the animals’ regular routine may 
greatly facilitate restraint. Many facilities housing large numbers of 
bovid and equid species are now using chute systems to facilitate 
preventive medicine, reproductive management, research, and 
extended treatment of animals, while alleviating the need for repeated 
chemical restraint. 

Mechanical restraints are of three basic types: (1) box chutes or 
stanchions, (2) drop-floor chutes, and (3) crushes or squeeze chutes. 
Box chutes are the simplest and least expensive of the three, consist- 
ing of a simple pass-through enclosure with front and rear sliding 
barriers to retain the animal temporarily. Rear entry or exit restrain 
are not recommended for nondomestic bovids, as many of these 
animals are reluctant to enter an area with no perceived exit. 
Drop-floor chutes are available commercially and consist of a 
ramp leading to, or a recessed area underneath, an adjustable 
V-shaped chute with sliding front and rear doors. When the animal 
is secured in the chute, the floor is dropped such that the animal is 
suspended by the hips and shoulders (Tamer Drop Floor Chute, 
Fauna Research, Inc., Red Hook, NY). Most bovids will refrain from 
struggling without foot purchase, allowing short procedures to be 
conducted. Width settings for each animal should be carefully estab- 
ished with drop-floor chutes to provide proper restraint, while not 
overly restricting the abdomen and chest, and duration of procedures 
should be limited to a few minutes. Drop-floor chutes may be por- 
able or permanently installed. 

Squeeze chutes vary from simple adaptations to an aisle way 
o highly adjustable hydraulic systems. Squeeze chutes developed 
for domestic cattle have been adapted to larger nondomestic 
bovids such as wild cattle and bison by adding “crash” gates—barred 
swinging front doors to prevent bypass of the head gate. Hydraulic 
squeeze chutes, available commercially (e.g., Hydraulic Tamer, 
Fauna Research, Inc., Red Hook, NY), provide the most flexible and 
rapid manipulation of large numbers of animals, as they are adjusted 
remotely while the animal is in the device. The padded walls of this 
restraint device are moved hydraulically to apply pressure to the hips 
and shoulders of the animal and may lift—achieving a result similar 
to a drop-floor chute—or close down over the animal to provide a 
darkened enclosed space. Doors installed in the restraint walls 
provide access for examination, treatment, and venipuncture. 


n 


Chemical Restraint 


When physical and behavioral restraints are inadequate to maintain 
control of an animal for the length of time or invasive nature of the 
desired procedure, chemical restraint is necessary as an adjunct or 
sole method of restraint. Chemical restraint is commonly necessary 
in the management of nondomestic bovids and carries significant 
risks because of the fractious nature of the species, the difficulty of 
drug delivery, and the unique biology of the taxon. Veterinary prac- 
itioners caring for nondomestic Bovidae are constantly evaluating 
and improving protocols for sedation and anesthesia, as sensitivity 
to different anesthetics among nondomestic bovids tend to be 
species-specific. Chemical restraint in this taxon has been the subject 
of many reviews. 0:13.2953 


- 


Tranqullization and Sedation 

Chemical restraint may be accomplished by two means: tranquiliza- 
tion and general anesthesia. Increasingly, neuroleptics of the butyro- 
phenone and phenothiazine families have been used to attenuate the 
stress response in nondomestic ruminants undergoing intensive 


TABLE 63-3 


Onset and Duration of Action of Selected 
_Neuroleptics Used in Bovidae'®“* 


Drug Route Onset Duration 
Azaperone IV <10 minutes <6 hours 
IM 30 minutes <6 hours 
Haloperidol lactate IV <5 minutes <8 hours 
IM <15 minutes 8-18 hours 
Zuclopenthixol acetate IM 1 hour 3-4 days 
Zuclopenthixol decanoate IM 1 week 10-21 days 
Haloperidol decanoate IM 2-3 days 21-30 days 
Perphenazine enanthate IM hours 7-10 days 
Pipothiazine palmitate IM 2-3 days 21-28 days 
Fluphenazine decanoate IM 3 days 21-28 days 


m 


IM, Intramuscularly: /V, intravenously. 


management for capture, translocation, isolation, or adaptation to 
environmental changes. ”17““ Licensed for use in humans as antipsy- 
chotic agents, these drugs act by blocking D2 dopamine receptors, 
hereby producing a state of lucid relief from anxiety: Most of the 
onger-acting formulations have an onset of action of 1 to 3 days, 
necessitating the addition of short-acting neuroleptics to produce 
immediate and long-term tranquilization. Table 63-3 lists common 
formulations and their onset and duration of action, and Table 63-4 
ists suggested doses of neuroleptic drugs for tranquilization of 
pronghorns and bovids. Recommended dosages per kilogram of 
body weight are inversely proportional to body size. It should be 
noted that neuroleptic use may improve the ease of captive manage- 
ment of smaller hoof stock by increasing flight distance, but reducing 
he fear response may have the opposite effect in larger, more aggres- 
sive species, resulting in reduced avoidance behavior, reluctance to 
move, and aggression. Overdosing is known to produce behavioral 
side effects such as tardive dyskinesia, including abnormal facial and 
ongue posture, head pressing and other unusual movement pat- 
terns, and anorexia. Treatment of clinical signs of overdosing may be 
accomplished using low doses of xylazine, diazepam, or 
diphenhydramine. 


Induction of General Anesthesia 

General anesthesia is induced parenterally by intramuscular or intra- 
venous routes. Intravenous administration may be performed on 
manually or mechanically restrained animals and provides the 
advantage of decreased induction and recovery time. However, in 
arger animals, intravenous administration of a mechanically 
restrained animal may result in difficulty in removing the rapidly- 
induced animal from the restraint device. In general, intramuscular 
induction of an animal with an appropriate regimen in a darkened, 
quiet enclosure provides a relatively rapid and smooth induction and 
may minimize the need for anesthetic supplementation because of 
onger duration of action. Administration of anesthetics intramuscu- 
arly (IM) may be conducted by hand, pole syringe, or projectile dart. 
The use of darts and remote injection systems has been previously 
revievved”” and requires careful planning and experience. Planning 
an anesthetic event should include considerations such as environ- 
mental temperatures, approach, enclosure size, obstacles, and the 
presence of other animals. Failure to deliver an appropriate dose 
accurately and quickly to an animal in the wild or in a large enclosure 
may result in excessive running or pacing injury, capture stress or 
myopathy, and death. Muscle masses of the rump, shoulder, and 
neck are preferred sites of remote injection. Failure of induction 
within an appropriate time (usually 5 to 15 minutes, depending on 
the regimen) may be caused by many factors, including dart failure, 
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TABLE 63-4 


Haloperidol lactate 


ul 


Zuclopenthixol Perphenazine Pipotiazine Fluphenazine 

Family Azaperone (IM or IV) acetate enanthate palmitate decanoate 
Aepycerotinae 0.5 0.2-0.5 1.0 1.0 4.0-4.5 0.5-1.0 
Alcelaphinae 0.3-1.0 0.05-0.01 1.0 0.25-1.0 2.0-4.0 0.25-0.5 
Antilopinae 0.25-0.5 0.1-1.0 2.0-5.0 1.0-5.0 1.0-2.5 0.5-1.0 
Bovinae 0.1-0.5 0.025-0.2 0.3-2.0 0.1-1.0 0.1-1.0 0.25-0.5 
Cephalophinae 0.5-1.0 0.25-0.5 — 2.0-5.0 — — 
Hippotraginae 0.5 0.1-0.2 0.5-1.0 0.5-1.0 0.25-0.5 0.25-0.5 
Reduncinae 0.5-1.0 0.1-0.2 1.0-2.0 1.0 0.3-2.0 0.25-0.5 


Note: All doses are intended for intramuscular use unless indicated. 
IM, Intramuscularly: /V, intravenously. 


inappropriate dosing, and operator error. A partially anesthetized 
animal is susceptible to capture myopathy, so a decision to repeat 
induction should be made within 20 minutes of initial dart place- 
ment. Supplementation by remote means generally requires a full 
anesthetic dose, as the animal may be rapidly metabolizing the anes- 
thetic because of stress and activity. 
Many anesthetic regimens have been described for pronghorns 
and bovids, "2 7” and these regimens generally consist of ultrapo- 
tent narcotics (carfentanil, etorphine, thiafentanil), with or without 
sedatives or tranquilizers (02-agonists, butyrophenones), dissociative 
cyclohexamines (ketamine or tiletamine), or both. The use of the 
mixed opioid agonist—antagonist butorphanol tartrate as a compo- 
nent of anesthetic cocktails has been recently reviewed.° Historically, 
he ultrapotent opioid (narcotic) agents carfentanil citrate, etorphine, 
and thiafentanil oxalate have been the primary components of anes- 
hetic cocktails used in nondomestic bovid species for many reasons: 
(1) Opioid agents have a relatively wide margin of safety for the 
patient and are highly potent, allowing for small volumes to be 
contained in remote delivery darts; (2) they are rapid acting and 
provide an efficient induction and minimize the risk of hyperther- 
mia; and (3) they are reversible. However, ultrapotent opioids are 
associated with significant side effects such as suppression of respira- 
tion and GI motility, poor muscle relaxation, and renarcotization”” 
and carry a risk to human safety, as the lethal human dose of some 
agents is as low as 20 micrograms (ug). Ultrapotent opioids are 
Schedule II substances controlled by the Drug Enforcement Agency 
and thereby require the practitioner to possess special licensing and 
to follow defined possession, storage, and recordkeeping guidelines. 
Safety protocols and special training for handling narcotics and expo- 
sure emergencies must be maintained for all staff involved in ultra- 
potent narcotic procedures. Carfentanil citrate is the most potent of 
the three agents. Etorphine and thiafentanil oxalate may produce 
desirable effects such as improved muscle relaxation and decreased 
respiratory suppression in some species. Opioids, particularly 
carfentanil, may produce general anesthesia when administered 
alone; however, combination with other agents may reduce the nar- 
cotic dose, ease induction and recovery, increase muscle relaxation, 
and decrease respiratory suppression. 
The Q)-agonists reported in bovid anesthetic regimens include 
xylazine, detomidine, and medetomidine. In general, bovids are 
more sensitive to the 0j-agonists compared with equids, and these 
agents may improve muscle relaxation, decrease narcotic doses, and 
ease induction and recovery. In smaller bovids and pronghorns, these 
drugs may be combined with cyclohexamines, benzodiazepines, 
butorphanol, or a combination, eliminating the need for an ultrapo- 
tent opioid. O)-agonists, however, require 20 minutes to reach full 
effect when administered IM; approaching a recumbent animal prior 
to this time may result in spontaneous recovery and the need 
to re-administer the induction dose. 0-agonists—particularly 


medetomidine—cause peripheral vasoconstriction, which may result 
in hypertension, bradycardia, poor mucous membrane color, and 
second-degree atrioventricular blocks. Use of parasympathomimet- 
ics such as atropine or glycopyrrolate to increase heart rate is con- 
troversial, as the resulting increased cardiac output may exacerbate 
hypertension. Medetomidine is available in highly concentrated for- 
mulations (Wildlife Pharmaceuticals, Inc., Fort Collins, CO), improv- 
ing its usefulness for remote delivery in large species. 

Dissociative anesthetics include the cyclohexamines ketamine 
hydrochloride and tiletamine (which is formulated in combination 
with the benzodiazepine zolazepam). These drugs are rapid acting, 
carry a high margin of safety, and are often used as adjuncts or 
supplemental anesthetics either intravenously (IV) or IM at 0.3 to 
1.0 mg/kg. However, cyclohexamines are not reversible and thereby 
may affect duration of and recovery from anesthesia. When ketamine 
is used as a supplement, antagonism of reversible anesthetics should 
be delayed until 20 minutes after ketamine administration. This 
allows for ketamine metabolism and may prevent stormy recovery. 
Tiletamine, particularly when used without reversal of the zolazepam 
component (see Table 63-6), may be associated with prolonged 
recovery. 

A partial list o[ suggested regimens Íor general anesthesia of 
bovids and pronghorns by species is presented in Table 63-5, and 
suggested reversal agents and doses are listed in Table 63-6. 


ANESTHESIA AND SURGERY 


The risks associated with general anesthesia in any species are con- 
founded in bovids by their physiology, size, and temperament. Mea- 
sures should be taken during any anesthetic procedure to prevent, 
identify, and treat hyperthermia, capture myopathy, metabolic 
derangements, respiratory depression, tympany, circulatory compro- 
mise, and regurgitation. Regurgitation is a common reaction to anes- 
thetics and is complicated by positioning and anesthetic-induced 
ileus and tympany. Consequently, aspiration pneumonia is a signifi- 
cant risk in the unintubated ruminant. Intubation may be performed 
in most species by using a laryngoscope and a flexible stylet.”"” The 
patient should be at an adequate plane of anesthesia prior to intuba- 
tion to prevent swallowing and stimulation of regurgitation.’ Once 
intubated, the animal should be maintained in ventral or right lateral 
recumbency to minimize gastric pressure and ease ventilation. The 
head should be supported, with the nose down to allow regurgitated 
material to flow from the mouth. Adequate padding should be 
ensured, especially in heavy-bodied animals, to prevent pressure 
neuropathy of the limbs. Eye covers and ear plugs are recommended 
to minimize stimulation during anesthesia. 

Intubation offers multiple measures of safety to the anesthetic 
procedure, including the ability to perform intermittent positive 
pressure ventilation (IPPV), often necessary to prevent hypoxemia 
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CARF ETOR THIA XYL MED KET/AZAP 
ANTILOCAPRIDAE 
Pronghorn 0.05 1.0 
0.1 1.0 
0.3 5K 
0.1 0.5 
AEPYCEROTINAE 
Impala 0.02-0.03 + 0.1-0.2 
0.08-0.10 0.1-0.3 
0.08 
0.04 0.5-0.1 Or 0.025-0.05 
0.20-0.25 3-5 K 
ALCELAPHINAE 
Hartebeest 0.01 0.15 
Wildebeest 0.008 0.08 
0.03 0.1 
Bontebok/blesbok 0.015-0.025 0.2-0.35 1.5-2.5 K 
0.020-0.025 0.2-0.3 0.2-0.3 K 
0.03 0.5A 
0.05-0.09 1.0-1.3 K 
Tsessebe 0.03 0.1 03A 
ANTILOPINAE 
Springbok 0.03 
0.05-0.10 0.15-0.25 
0.5 9.0K 
Blackbuck 0.05 
0.1 
0.25 2.0K 
Addra gazelle 0.015-0.02 “0.20 
0.03-0.06 
0.06-0.10 1.8-4 K 
Slender-horned gazelle 0.03-0.05 0.10-0.25 
Grant gazelle 0.035 
Thomson's gazelle 0.02-0.03 
0.05-0.07 0.2-0.45 0.2-0.45 K 
Gerenuk 0.06—0. 07 1.5-2.0 K 
0.04 3.5 K 
Dik-dik 0.01 0.4 
Suni 0.01 0.4 
0.2-0.4 15K 
Klipspringer 0.01 0.4 
0.05 
0.16 2.1K 
Saiga 0.05-0.1 
BOVINAE 
Bison 0.004—0.008 0.05-0.10 
0.01 0.05 
0.5-1 4K 
0.05-0.08 1.5-2.5 K 
Gaur, gayal, banteng 0.006-0.01 0.1-0.2 
0.01-0.02 
Nilgai 0.02 
0.03 
Anoa 0.008-0.012 0.06-0.12 


Continued 
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CARF ETOR THIA XYL MED DET KET/AZAP 
African buffalo 0.005 0.05 
0.015 0.1-0.15 
0.01-0.025 +0.05-0.1 
Giant eland 0.008 0.03 
0.005-0.007 0.05-0.10 
Common eland 0.01-0.016 0.15-0.20 
0.02 0.40 
0.03-0.07 0.1 
0.8 4K 
Nyala 0.015-0.025 0.10-0.25 
0.04 0.30 
0.045 0.05 3-4 K 
0.08 0.3 
Sitatunga 0.04 0.3 
Tibetan yak 0.02 0.15 
Bongo 0.01-0.025 0.1-0.25 
0.01 0.15-0.2 0.5 K 
0.02-0.05 0.05-0.15 
Greater kudu 0.02-0.25 0.2-0.25 
0.02-0.03 0.2-0.3 
0.05 0.25 
CEPHALOPHINAE 
Maxvvell duiker 0.025 
0.02 1 
0.2-0.3 15-25 K 
Blue duiker 0.01 0.40 
0.3 15K 
0.2 2.2 K 
Yellow-backed duiker 0.02-0.03 0.2 
0.02 1 
Common duiker 0.01-0.02 0.5 
HIPPOTRAGINAE 
Addax 0.025 + 0.15-0.25 
0.03-0.04 0.02 
0.05-0.06 1.0 K 
Roan 0.015-0.02 0.15-0.2 
0.025 0.15-0.25 
0.01-0.02 0.005-0.006 0.3-0.6 K 
Sable 0.015-0.02 0.15-0.2 
0.015-0.025 0.1-0.2 +0.15-0.2 K 
0.03 0.1-0.2 
Scimitar-horned oryx 0.015-0.03 0.15-0.3 
0.025 0.15 
0.05 0.005 
Gemsbok 0.01-0.02 0.1-0.2 
0.03 0.25 
0.015 0.15-0.25 0.15-0.25 K 
0.02-0.04 0.02-0.04 1.0 K 
Arabian oryx 0.03-0.04 0.25 
0.03-0.04 0.3 
0.04 0.005 
0.045-0.05 0.045-0.05 
0.03-0.06 1.2-2 K 
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TABLE 63-5 
CARF ETOR THIA XYL MED DET KET/AZAP 
REDUNCINAE 
Waterbuck 0.01-0.025 0.10-0.25 
0.03 0.25 
0.03-0.05 0.2 
Red lechwe 0.02 
0.01 0.1 
0.02-0.05 0.1-0.4 0.1-0.4 K 
Nile lechwe 0.02 0.25 1.0-2.0 K 
0.02 1.5-3.0 K 
Uganda kob 0.035 0.35 
Reedbuck 0.05-0.07 0.2 +0.1 A 
Rhebok 0.01 0.4 
0.01 0.4 


Se se a ee a saus 
AZAP (A), Azaperone; CARF, carfentanil citrate; DET, detomidine; ETOR, etorphine; KET (K), ketamine; MED, medetomidine; THIA, thiafentanil oxalate; 
XYL, xylazine. 

*Doses are intended for intramuscular injection. 


TABLE 63-6 

Anesthetic Preferred Antagonist Dosage Comments 

Carfentanil Naltrexone 100 milligram per milligram (mg/mg) May be given partially intravenously (IV) 
carfentanil, intramuscularly (IM) 

Etorphine Naltrexone 50 mg/mg etorphine, IM May be given partially IV 

Thiafentanil Naltrexone 30 mg/mg thiafentanil, IM May be given partially IV 

Butorphanol Naltrexone 5 mg/mg butorphanol, IM 


Medetomidine Atipamezole or tolazoline* 5 mg/mg medetomidine, IM 


1 milligram per kilogram (mg/kg), IM 


Detomidine Atipamezole or tolazoline* 0.1 mg/kg, IM 
1 mg/kg, IM 
Xylazine Atipamezole or tolazoline* 0.1 mg/kg, IM 
1 mg/kg, IM 
Tiletamine/ zolazepam Flumazenil 0.01 mg/kg, IV Ketamine and tiletamine are not reversible 


*Intravenous administration of tolazoline in artiodactyls may cause profound hypotension and death. 


caused by apnea or inadequate ventilation. IPPV pressure and 
volume should be less than 25 millimeters of mercury (mm Hg) and 
8 to 12 mL/kg, respectively: ” In larger animals, the use of a demand 
valve aids delivery of high volumes of oxygen, ensuring adequate 
tidal volume.”” Administration of inhalant anesthetics (isoflurane or 
sevoflurane) via an endotracheal tube provides control of the dura- 
tion and depth of anesthesia and may assist in management of 
hypertension or hypotension. 

Depth of anesthesia, cardiovascular parameters, respiration, 
hydration, and GI motility should be monitored in any ruminant 
undergoing general anesthesia and surgery. Heart rate should be 40 
to 80 beats per minute (beats/min), mucous membranes pink and 
moist (cyanosis indicates <70% oxygen saturation), and capillary 
refill time less than 2 seconds. Hemoglobin oxygen saturation as 
measured by pulse oximetry should be greater than 90%, below 
which arterial partial pressure of oxygen may be less than 60 mm 
Hg (normal = 70-100 mm Hg).”’ Proper ventilation should maintain 
end tidal carbon dioxide (CO,) levels at less than 60 mm Hg. Hydra- 
tion may be subjectively measured by skin turgor, corneal and 


mucous membrane moistness, and ocular retraction. Normal partial 
pressure of arterial carbon dioxide (PaCO)) is 35 to 50 mm Hg, and 
normal blood bicarbonate is 20 to 30 millimoles per liter (mmol/L).'° 
The conditions of recovery from anesthesia are as important to 
animal and human safety as those during induction. Prior to reversal 
of anesthesia, the animal should be removed from inhalant anesthe- 
sia and adequately ventilated for at least 5 minutes. Maintenance of 
minimal levels and progressive reduction of inhalant anesthesia 
during the procedure, in addition to allowing for metabolism of 
supplemental injected anesthetics, may improve the quality and 
speed of recovery. The animal should be supported in ventral recum- 
bency in a quiet, darkened enclosure, if possible. Following admin- 
istration of the reversal agent, the eye cover and the endotracheal 
tube may remain in place until a swallow response is detected. Gentle 
removal of a partially inflated endotracheal tube will help to clear 
regurgitated materials from the pharynx. 

Vascular access of most nondomestic bovids is most easily accom- 
plished following a small cut-down with a large gauge needle or 
scalpel blade.’ Relatively common conditions requiring surgery 
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Brindled 


Thomson's American Common Scimitar- Common 
Parameter* Pronghorn Impala wildebeest gazelle bison duiker horned oryx vvaterbuck 
WBC (x10°/ 6.470 + 3.528 + 6.918 + 3.855 + 7.162 + 6.200 + 6.275 + 6.354 + 
microliter [uL]) 4.911 (159) 1.464 (314) 2.358 (29) 2.205 (291) 3.674 (134) 2.201 (7) 2.393 (537) 3.855 (125) 
Neutrophils 4.879 + 2.028 + 4.174 + 2.623 + 3.544 + 3.154 + 4.179 + 4.170 + 
x103/uL) 4.133 (155) 1.309 (266) 1.587 (19) 1.952 (262) 2.709 (131) 2.435 (7) 1.884 (403) 3.663 (106) 
Lymphocytes 1.085 + 1.342 + 2.490 + 1.188 + 2.867 + 2.989 + 1.393 + 2.114 + 
x105/uL) 0.794 (156) 0.773 (270) 2.149 (19) 0.766 (272) 1.875 (133) 1.155 (7) 0.799 (412) 1.561 (106) 
Monocytes 0.181 + 0.105 + 0.230 + 0.094 + 0.264 + — 0.132 + 0.117 = 
x10°/uL) 0.181 (122) 0.123 (127) 0.088 (14) 0.079 (163) 0.261 (116) 0.185 (347) 0.129 (59) 
Eosinophils 0.331 + 0.121 + 0.181 + 0.062 + 0.466 + 0.060 + 0.183 + 0.155 + 
x10°/uL) 0.424 (104) 0.125 (144) 0.119 (14) 0.094 (59) 0.478 (115) 0.026 (3) 0.263 (315) 0.245 (47) 
Basophils 0.085 + 0.031 + 0.163 + 0.046 + 0.125 + — 0.022 + 0.085 + 
x103/uL) 0.111 (48) 0.038 (42) 0.079 (11) 0.047 (34) 0.127 (57) 0.046 (219) 0.043 (18) 
RBC (x10°/uL) 10.29 k 1.83 12.49 £ 6.59 1050+ 10.22 £ 1.62 8.23 1.72 11.67 = 8.70 + 1.94 10.25 + 2.52 
(71) (262) 3.64 (22) (280) (105) 1.22 (7) (486) (118) 
Hematocrit (96) 41.1 + 6.8 42.0 + 9.1 42.4 + 8.7 48.7 + 7.3 44.1 + 6.8 543+3.4 37.6+6. 44.6 + 
(170 (319) (31) (317) (141) (7) (590) 9.1139) 


*Values are reported as mean + standard deviation (number of samples). 
RBC, Red blood cells; WBC, white blood cells. 


include trauma, abscesses, horn fractures and avulsions, hoof 
abscesses, castration, vasectomy, herniorrhaphy, ovariectomy, ovar- 
iohysterectomy, exploratory laparotomy, and tumor excisions. Less 
commonly, eye enucleation, cesarean section, and surgical treatment 
of corneal lacerations and ulcers, cataracts, angular limb deformities, 
GI or urinary obstructions, umbilical abscess, patent urachus, and 
rectal, uterine or vaginal prolapse are warranted.’ Laparoscopy is 
useful in nondomestic bovids for assisted reproduction, minimally 
invasive abdominal and thoracic exploratory, biopsy, and endosurgi- 
cal techniques. In large bovids, laparoscopic procedures may require 
intubation and positive pressure ventilation because of the pressure 
of the abdominal viscera on the thoracic cavity when the animal has 
been secured in dorsal recumbency at a head-down tilt. 


DIAGNOSTICS 


Diagnostics used in nondomestic bovids and pronghorns are similar 
to those used in domestic cattle, sheep, and goats. Common sites of 
vascular access include the jugular, cephalic, medial and latera 
saphenous, and ventral tail veins, as well as the auricular, facial, 
medial tarsal, and digital arteries. ” Cystocentesis is accomplished 
most easily with the aid of ultrasonography; normal urine pH is 7 
to 9.5 with a specific gravity of 1.020 to 1.050.'° Cerebrospinal fluid 
(CSF) may be collected from the lumbosacral cistern or the cisterna 
magna. The specific gravity of normal bovid CSF is 1.004 to 1.008, 
with less than 40 mg/dL protein and fewer than three white blood 
cells (WBCs) per microliter. ” 

Hematologic (Table 63-7) and serum biochemistry (Table 63-8) 
values of nondomestic bovids may vary within and among subfami- 
lies. Measurement of fibrinogen is generally more useful than a WBC 
count for assessing inflammation in bovids, and protein electropho- 
resis may be useful in monitoring chronic inflammation. Serum bile 
acids are a useful measure for monitoring the course of hepatic 
disease and its response to therapy. ” 


INFECTIOUS DISEASE 
Transboundary Animal Diseases 


Animals and animal products are transported globally at an increas- 
ing rate every year such that entrance of an animal disease to a 


country formerly free of the disease is considered more a probability 
than a possibility.’ Zoologic veterinarians have an increased oppor- 
tunity to encounter such diseases and should therefore be aware 
of clinical signs and appropriate reporting and diagnostic plans in 
case of a suspected reportable disease. A description of foreign 
(transboundary) animal diseases, emergency procedures, and disin- 
fectants is available in the publication of the Committee on Foreign 
and Emerging Animal Diseases of the United States Animal Health Asso- 
ciation.’ Notifiable diseases listed by the World Organization for 
Animal Health (OIE) that may affect or be carried by nondomestic 
bovids are listed in Table 63-9. Rinderpest, formerly listed as notifi- 
able by the OIE, has been reported to have been eradicated 
worldwide.” 


Common Infectious Diseases 


Nondomestic bovids are susceptible to virtually all of the common 
infectious diseases of domestic ruminants. Selected diseases of 
concern to zoologic species of bovids and pronghorns are listed 
in Tables 63-10 and 63-11. Bacterial infections are of increasing 
importance in zoologic species because of multidrug-resistant patho- 
gens.”” Abscesses and other infections caused by pathogens such as 
Arcanobacterium pyogenes, Fusobacterium necrophorum, Staphylococ- 
cus, Streptococcus, Pseudomonas, and others may lead to systemic 
infection and death if not treated to resolution, on the basis of culture 
and sensitivity testing. Strict sanitation measures in hospital settings 
are required to prevent frequent infections and development of anti- 
bacterial resistance of resident organisms. Hoof infections are par- 
ticularly common in some species, especially in weather and substrate 
conditions unnatural to the species” and may involve lengthy treat- 
ment with systemic antibiotics, regional perfusion, hoof curettage, 
opical treatment, and protective bandaging. Some animals cannot 
tolerate long-term confinement to allow healing: once infection is 
eliminated, hoof deficits may, in some cases, be filled with hoof repair 
material (which may be impregnated with antibiotics), allowing 
return of the animal to its home enclosure. These materials are worn 
away as granulation tissue fills the hoof capsule and results in a 
normal hoof. 

Mycobacterial diseases remain a concern because of the lack of 
clinical signs in early stages and to the sensitivity and specificity of 
existing diagnostics. Of most concern are tuberculosis” (Mycobacte- 
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TABLE 63-9 
Disease Country/Region of Occurrence _ Etiology Transmission Comments 
Anaplasmosis Tropical or subtropical climates |= Anaplasma marginale, Mechanically or 
and some temperate regions A. centrale biologically by 
arthropod vectors 
Anthrax Worldwide Bacillus anthracis Ingestion, inhalation, Zoonotic 


fomites 


High mortality 


Bovine babesiosis 


Tropical and subtropical 
climates worldwide 


Babesia bigemina 


Vectorborne: ticks 


Morbidity and mortality 
vary 


Bovine tuberculosis Worldwide Mycobacterium bovis Direct contact Zoonotic 
Inhalation 
Milk ingestion 
Bovine viral diarrhea Worldwide Flaviviridae, pestivirus Direct contact Multifactorial disease 


Brucellosis 


Asia, Middle East, 
Mediterranean, sub-Saharan 
Africa, Peru, and Mexico, 
western United States 


Brucella abortus 


Ingestion of placental 
tissues, transmammary 

Contamination of 
wounds (human) 


Causes late term 
abortion 

Zoonotic: undulant fever 
in humans 


Contagious bovine Africa Mycoplasma mycoides Inhalation Zoonotic 
pleuropneumonia 
Echinococcosis or Worldwide Echinococcus Carnivore-ungulate Zoonotic 
hydatidosis granulosus and other cestode cycle Human disease: organ 
spp. damage and 
anaphylaxis 
Enzootic bovine Worldwide, some countries Retrovirus Vertical Subclinical, 
leukosis disease free Bloodborne lymphocytosis, 
lymphosarcoma 


Epizootic hemorrhagic 
disease 


North America, Far East, 
Mediterranean 


Reoviridae, orbivirus 


Vectorborne, biting 
midges 


Increasing in host range 


Foot-and-mouth 


Asia, Africa, Middle East, 


Picornaviridae, 


Direct contact—infected 


Maintained in African 


disease South America aphthovirus animals, fomites, meat buffalo 
and milk, aerosols Highly contagious 
Heartwater Africa, Caribbean Ehrlichia ruminantium Vectorborne: ticks 


Colostrum 
Blood inoculation 


Hemorrhagic 
septicemia 


Infectious bovine 
rhinotracheitis or 
infectious pustular 
vulvovaginitis 


Asia, Africa, S. Europe, and 
Middle East 


Worldwide 

Eradicated in Austria, 
Denmark, Finland, Sweden, 
Switzerland, and Norway 


Pasteurella multocida 


o-herpesvirus 


Direct contact with 
infected animals and 
fomites 


Inhalation 


Vaccine available, does 
not completely 
prevent infection 


Lumpy skin disease 


Africa, Middle East 


Capripoxvirus 


Mechanical vector: 
mosquitoes and flies 
Direct contact possible 


High morbidity and 
mortality 


Paratuberculosis 
(Johne disease) 


Global 


Mycobacterium avium 
subsp. 
paratuberculosis 


Infected animals shed 
bacterium in manure, 
colostrum, and milk 


See Table 63-11 


Screwworm 
(New World, Old 
World) 


Central America, Caribbean, 
South America, Africa, 
Middle East, Southeast Asia 


Cochliomyia hominivorax 
(New world) 
Chrysomya bezziana 


Blowfly (myiasis) 


Zoonotic 
Eradication efforts 
focus on release of 


(Old world) sterile flies 
O fever Worldwide, except New Coxiella Ingestion of milk, urine, Zoonotic 
Zealand burnetii feces, amniotic fluid, Can be transmitted by 
and placenta ticks 
Rabies Global Rhabdovirus Saliva of infected animal Zoonotic 


Possible by inhalation 
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TABLE 63-9 

Disease Country/Region of Occurrence _ Etiology Transmission Comments 

Rift Valley fever Africa Bunyaviridae, Vectorborne: mosquitoes Zoonotic: ingestion of 

phlebovirus meat 

Theileriosis Africa, southern Europe, Asia, Protozoan: Vectorborne: East Coast fever 

Middle East Thelleria parva, T. Ticks (Rhipicephalus, Corridor disease 
annulata Hyalomma) 
Trichomonosis Worldwide Protozoan: Venereal Causes abortion and 


Trichomonas foetus infertility 


Trypanosomiasis Africa, Central/S. America Trypanosoma brucei, 


cruzi, evansi 


Vector-borne: tsetse fly 
Mechanical: biting flies, 
esp. tabanids 


African sleeping 
sickness, Chagas 
disease, Surra 


Vesicular stomatitis South and Central America, Rhabdoviridae, Mechanism unclear— High morbidity, low 
Western US vesiculovirus transcutaneous, mortality 
Endemic in feral pigs on mucosal 


Ossabaw Island, Georgia 


“From http://www.oie.int/manual-of-diagnostic-tests-and-vaccines-for-terrestrial-animals/. Accessed June 26, 2012. 


TABLE 63-10 


Disease 


Viral enteritis (coronavirus, 
rotavirus) 


Clinical Presentation/Lesions 


Acute diarrhea 
Dehydration 
Malabsorption 
Neonatal death 


Diagnosis 


Fecal electron microscopy 
Fecal ELISA 
IFA 


Management 


Supportive care 

Colostrum supplementation 
Vaccination 

Sanitation 


Bacterial enteritis 


Diarrhea 
Depression 
Dehydration 
Asymptomatic 


Bacterial culture 
PCR 
Histopathology 


Supportive care 
Appropriate antibiotics 
Vaccination 

Sanitation 


Tuberculosis” 


Lymphadenopathy 

Wasting 

Bronchopneumonia or cough 
Mild or no clinical signs 


Histopathology 

Intradermal tuberculin test 
(CT for Bovinae, SCT for 
other bovids) 


Routine testing 

Identify and remove affected animals 
Prevent introduction 

Treatment not recommended 


Johne disease Stage |: subclinical Difficult in early stages Routine testing 
(paratuberculosis) ” Stage İl: subclinical, intermittent Histopathology (Stage l-IV) Identify and remove affected animals 
shedding Fecal culture (II-IV) Prevent introduction 
Stage lll: ill-thrift, wasting, diarrhea PCR (II-IV) 
Stage IV: lethargy, emaciation, diarrhea, ELİSA (I-IV) 
intermandibular edema IFN-y (I-IV) 
Malignant catarrhal fever Nasal and ocular discharge ELISA Prevent contact of potentially 
(MCF) Lymphadenopathy VN affected carriers with susceptible 
Diarrhea, anorexia PCR hosts 
Fever, death Supportive care 
Antiviral medications 
Meningeal worm Ataxia, paresis, circling, hypermetria, Clinical signs Reduce exposure to deer; control 


abnormal head posture, wasting 


Histopathology 


snails; deworm every 4 to 6 weeks 
during spring/summer 


EE ——SSESE SEE a ee eee ee eee Sa) 
CT, Caudal tail fold; EL/SA, enzyme-linked immunosorbent assay; /FA, immunofluorescent antibody; /FN-y, interferon-y; L3, third-stage larva; PCR, poly- 
merase chain reaction; SCT, single cervical test; VN, virus neutralization. 
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TABLE 63-11 š 

Viral Bacterial Parasitic Fungal 
MULTISYSTEMIC DISEASES 

Adenovirus Anaplasmosis Besnoitiosis Aspergillosis 
Bluetongue virus Anthrax Toxoplasmosis Blastomycosis 
Bovine viral diarrhea Chlamydiophilosis Cestodiasis Candidiasis 


Epizootic hemorrhagic disease 
Encephalomyocarditis 
Malignant catarrhal fever 


Leptospirosis 


Coccidioidomycosis 
Cryptococcosis 


RESPIRATORY SYSTEM DISEASES 


Infectious bovine rhinotracheitis Mycoplasmosis Lungworm (Dictyocaulus, Aspergillosis 
Parainfluenza (PI-3) Pasteurellosis Protostrongylus) 
Bovine respiratory syncytial virus 
GASTROINTESTINAL SYSTEM DISEASES 
Coronavirus Clostridium perfringens (A, B, C, E) Amebiasis Candidiasis 
Rotavirus Colibacillosis Coccidiosis 

Campylobcter jejuni Cryptosporidiosis 

Yersinia spp. Giardiasis 

Salmonella spp. Nematodiasis 

Liver flukes 


Rumen flukes 


REPRODUCTIVE SYSTEM DISEASES 
Akabane virus 
Infectious pustular vulvovaginitis (BHV-1) 


Brucellosis 
Q fever 


Campylobacter foetus 


Neosporosis 
Trichomoniasis 


INTEGUMENTARY/MUSCULOSKELETAL SYSTEM DISEASES 
Contagious echthyma (parapox) Actinomycosis 


Parafilariasis Dermatophytosis 


Poxvirus Corynebacterium Scabies Dermatophilosis 
Pseudomonas spp. Ticks Sporotrichosis 
Fusobacterium spp. Lice 
Staphylococcus spp. Warbles, bots, grubs 
Streptococcus spp. Screwworm 
Arcanobacterium pyogenes Flies 


Blackleg/gangrene 
(Clostridium spp.) 


Sarcocystosis 


NERVOUS SYSTEM DISEASES 
Spongiform encephalopathy* 
Eastern equine encephalitis 
Equine herpesvirus 

Rabies 


Listeriosis 
Tetanus 


Meningeal worm 


CIRCULATORY SYSTEM DISEASES 
Eperythrozoonosis 


Babesiosis 
Cytauxzoonosis 
Trypanosomiasis 
Theileriosis 


*Prion disease. 


rium bovis) and Johne disease'’ (Mycobacterium avium subsp. paratu- 
berculosis) (see Table 63-10). 

Transmissible spongiform encephalopathies have been rarely 
reported in zoo bovids and are suspected to be caused by cross- 
species transmission of bovine spongiform encephalopathy (BSE).*” 


Emerging Infectious Diseases 


Deforestation, altered migration, increased international travel, and 
globalization of trade are some of the factors leading to the rapid 
evolution, emergence, and host susceptibility changes of diseases 
in recent decades. Diseases reported to be emerging in bovids 
because of increasing prevalence, host susceptibility, or both include 
Schmallenberg virus infection,’ bovine besnoitiosis (Besnoitia 


spp.), ”” bartonellosis, ” epizootic hemorrhagic disease (EHD), ° 


Johne disease (Mycobacterium avium subsp. paratuberculosis), malig- 
nant catarrhal fever, and equine herpesvirus infection. Malignant 
catarrhal fever and equine herpesvirus infection are of particular note 
because of their uncharacterized host susceptibility and the likeli- 
hood of these herpesviruses causing severe clinical disease in non- 
domestic bovid species. 


Malignant Catarrhal Fever 

Malignant catarrhal fever (MCF), a y-herpesvirus of the genus Maca- 
virus, is incompletely characterized and of importance to zoologic 
and wild bovid species and pronghorns. Currently, 10 viruses have 
been recognized within the MCF group, six of which are clearly 
associated with clinical disease. The two most well-documented 
viruses, sheep-associated (SA-MCF) and wildebeest-associated MCF 
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(WA-MCF), are caused by ovine herpesvirus 2 (OvHV-2) and alcela- 
phine herpesvirus 1 (AIHV-1), respectively. Both viruses are carried 
asymptomatically in the reservoir host species (after which they are 
named), are pathogenic to other species, and are shed through ocular 
and oronasal secretions. WA-MCF is generally transmitted by calves 
from birth up to 4 months of age, but lambs are generally not 
infected with OvHV-1 until after 2 months of age and shed the 
pathogen intensively from 6 to 9 months of age. Lambs may, there- 
fore, be separated from dams and raised virus-free.’ Other described 
MCF viruses include hippotragine (HipHV-1) and alcelaphine 2 
(AIHV-2) MCE isolated from roan antelopes and hartebeests, respec- 
tively, but the epidemiology of these viruses remains poorly under- 
stood. Oryxes, ibexes, muskoxen, and aoudads are also known to 
harbor MCF viruses of unknown pathogenicity. Species susceptible 
to disease caused by MCF viruses include cattle, bison, deer, and 
pigs, but sporadic cases of MCF or MCF-like disease in a variety of 
captive nondomestic bovids have been reported. Susceptible 
hosts may be subclinically or clinically affected. Bison are known to 
be 1000 times more susceptible, compared with cattle, to clinical 
SA-MCE” and bongos have been recently reported to acquire fatal 
MCF from Nubian ibexes.””” The clinical presentation of MCF is 
variable but usually includes profuse nasal and ocular discharge, 
corneal opacity, diarrhea, enlarged lymph nodes, fever, anorexia, and 
often death within 24 to 72 hours. Pathologic findings include lym- 
phoproliferative vasculitis and epithelial necrosis. Identification of 
clinically relevant reservoir species is complicated by the incomplete 
characterization of these complex and evolving viruses: serologic 
tests distinguishing OvHV-2 and AIHV-1, however, are available. In 
the face of a suspected outbreak in a mixed-species situation, a 
multiplex PCR is the first choice diagnostic.” 


Equine Herpesviruses 

Equine herpesvirus (EHV-9) has been reported to cause fatal enceph- 
alitis in a number of non-equid species, including Thomson’ gazelles 
and blackbucks.'*”? The epidemiology of this virus outside its 
natural host has not been completely elucidated; EHV-9 and the 
closely-related EHV-1 have been transmitted to aberrant hosts both 
directly and indirectly. This, as well as the potentially wide species 
susceptibility, has led to recent concern about the zoologic setting 
creating unnatural proximity among geographically diverse species, 
encouraging cross-species disease transmission. 


PARASITIC DISEASES 


Ectoparasites found on nondomestic bovids include sucking and 
chewing lice; warble and bot flies, ticks, mites, various mosquitoes, 
biting midges, sand flies, black flies, tabanid flies, louse flies, and 
muscoid flies. Control of ectoparasites may use multiple methodolo- 
gies, including life cycle disruption, baiting and trapping, and bio- 
logic control agents, although the most commonly used methods are 
topical and parenteral parasiticides. 7” 

Protozoal diseases affecting bovids include opportunistic amebia- 
sis, babesiosis, besnoitiosis, coccidiosis (Eimeria spp. and Isospora 
spp.), cryptosporidiosis (Cryptosporidim parvum and C. muris-like 
sp.), cytauxzoonosis, giardiasis (Giardia duodenalis), hepatozoonosis, 
neosporosis (Neospora caninum), sarcocystosis (Sarcocystis spp.), thei- 
leriasis (Theileria spp.), toxoplasmosis (Toxoplasma gondii), and try- 
panosomiasis (Trypanosoma spp.)..”” Cestodes commonly affecting 
bovids include Echinococcus, Moniezia, Taenia, and Thysanosoma. The 
most common GI nematodes of captive bovids are the Haemonchus, 
Ostertagia, Nematodirus, Strongyloides, and Trichuris, although a 
number of other parasites are found to cause diarrhea, ill-thrift, and 
anemia.” Meningeal worm (Parelaphostrongylus tenuis) infestation is 
a regional disease carried asymptomatically in the subdural sinuses 
of white-tailed deer and is transmitted to aberrant hosts mondomes- 
tic bovids, cervids, camelids, and goats) through ingestion of third- 
stage larvae in feces. Larvae migrate in the spinal cord, causing 
clinical signs and often death. Identification and management are 
discussed in Table 63-10. 


Management of Gastrointestinal Parasites 


Effective control programs must be multifactorial, as reliance on 
parenteral parasiticides has led to widespread anthelmintic resis- 
tance.”” Such programs may be extremely labor intensive and involve 
(1) routine parasite monitoring, (2) larval drug sensitivity assays, (3) 
pasture larval counts, and (4) alternatives to pharmaceuticals for 
parasite control. Nonpharmaceutical strategies for reducing parasite 
burdens, which are reviewed thoroughly elsewhere,” “77 include 
decreasing stocking density, pasture rotation, elevating feed and 
browse, feeding tannin-containing plants such as sericia lespedeza 
(Lespedeza cuneata) and nematode-trapping fungi,” and providing 
refugia (untreated nonclinical animals) for susceptible parasites to 
dilute the frequency of resistant alleles.’ The use of oral copper 
oxide wire particles (COWP; Copasure, Butler Schein Animal Health, 
Dublin, OH) is increasing in zoologic institutions with some 
success” Although dosing for nondomestic artiodactyls has not 
been thoroughly investigated, the manufacturer's recommended dose 
of COWP for cattle (70-225 kg) is 12.5 g, and 2 to 6 grams per 
animal has been reported efficacious and without toxicity in sheep 
and goats.” COWP may be administered in capsules or feed, are 
effective against abomasal parasites only, and should be limited to 
no more than every 6 to 12 month usage, with careful monitoring 
of fecal parasite levels and attention to potential toxicity. Pharmaceu- 
tical parasiticides used in nondomestic bovids include albendazole, 
amprolium, decoquinate, doramectin, eprinomectin, fenbendazole, 
ivermectin, levamisole, metronidazole, morantel, moxidectin, oxfen- 
dazole, praziquantel, pyrantel, selamectin, and sulfa/trimethoprim, 
with dosages similar to those used in domestic bovids.'° 


NONINFECTIOUS DISEASE 


Common noninfectious diseases of wild and captive bovids are char- 
acterized as traumatic injuries, congenital and growth disorders, and 
degenerative; environmental (hypothermia, frostbite); dental (peri- 
odontal disease, dental abscessation); GI (choke, foreign bodies, 
abomasal impaction, rumen acidosis or rumenitis, tympany); meta- 
bolic (hypocalcemia/hypomagnesemia, capture myopathy); renal or 
urinary (urolithiasis, renal failure); toxic; reproductive (abortion, 
fetal mummification, dystocia); nutritional; and neoplastic diseases. ° 
Capture myopathy remains a significant concern in management of 
nondomestic bovids. 


Capture Myopathy 


Capture myopathy was first described decades ago and remains a 
significant concern in pronghorns and bovids under all conditions 
of management.””” The syndrome is most often associated with 
prolonged pursuit, capture, restraint, transportation, and high 
ambient temperatures, although many other stress-inducing factors 
may precipitate its development. Capture myopathy is most com- 
monly characterized by ataxia, metabolic acidosis, muscle necrosis, 
and myoglobinuria; however, several closely related syndromes have 
been described (Table 63-12). In general, the pathophysiology of the 
disease includes exhaustion of muscular adenosine triphosphate 
(ATP) (skeletal and cardiac), decreased oxygen delivery to tissues, 
and increased production of lactic acid leading to muscle necrosis, 
myoglobin release, and renal failure. Predisposing factors include 
species (reported to be common in pronghorn, nyala, tsessebe, 
duiker, roan, hartebeest, eland, springbok, kudu, and impala'’); 
environment (high temperature and humidity); capture or restraint; 
underlying conditions (pregnancy, advanced age); and vitamin E or 
selenium deficiency. By the time signs of capture myopathy are 
obvious, treatment is generally unrewarding. Prevention consists 
primarily of careful restraint planning and includes limiting pursuit 
to less than 3 minutes; avoiding capture in ambient temperatures 
over 20° C; reducing visual and auditory stimulation during restraint; 
minimizing restraint time; and using sedation and general anesthesia, 
when warranted. If, despite careful planning, an animal becomes 
highly stressed, hyperthermic, or hypoxemic during capture, 
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Syndrome Conditions 


Clinical presentation 


Pathologic findings 


Capture shock 
(hyperacute) 
syndrome 


Occurs during or within 6 
hours after capture 


death 


Ataxia, tachypnea, tachycardia, 
hyperemic mucous membranes, 
hyperthermia, weak pulse, sudden 


Pulmonary congestion and edema; 
intestinal hemorrhage; small areas of 
necrosis of skeletal and cardiac 
muscle, brain, liver, adrenal glands, 
lymph nodes, spleen, pancreas, and 
renal tubules 


Ataxic myoglobinuric 
(acute) syndrome 


Most common syndrome, 
occurring hours to days 
after capture 


Ataxia, torticollis, myoglobinuria, death 
with elevated AST, CK, LDH, BUN 


Dark colored urine, dark, swollen kidneys, 
pale streaking of skeletal muscle, renal 
tubular dilation and necrosis with 
myoglobin casts 


Occurs 24 to 48 hours 
following capture 


Ruptured muscle 
(subacute) syndrome 
LDH 


BUN may be normal 


Hindquarter weakness, recumbency 
with extremely elevated AST, CK, 


Subcutaneous hemorrhage of rear limbs, 
multifocal soft lesions and ruptures in 
muscles, severe, diffuse skeletal 
muscle necrosis 


Occurs rarely, at least 24 
hours but may be up to 
30 days following capture 


Delayed-peracute 
(chronic) syndrome 


Normal appearance when undisturbed, 
but acute stress results in attempt 
to flee followed by ventricular 


No lesions or small pale foci of 
rhabdomyolysis, particularly in 
hindlimbs 


fibrillation and sudden death 


AST, Aspartate aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; LDH, lactate dehydrogenase. 


treatment may be successfully provided to prevent fatal myopathy. 
Aggressive fluid therapy and treatment of metabolic acidosis 
should be initiated as early as possible. Point-of-care analyzers are 
helpful in evaluating acid-base and electrolyte disturbances and 
guiding treatment. Sodium bicarbonate administration may be 
given as a bolus (1-2 milliequivalents per kilogram [mEq/kg]) and 
re-administered, as indicated by blood gas analysis. In a normal 
animal, lactate should be less than 2 mmol/L; a lactate value greater 
than 5 to 6 mmol/L carries a poor prognosis.” Administration of 
corticosteroids, dimethyl sulfoxide (DMSO, 10% in intravenous 
fluids), or a combination of both may be preferable to nonsteroidal 
anti-inflammatory drugs (NSAIDs) for the control of inflammation 
because of the likelihood of renal compromise with NSAIDs and may 
also protect vascular integrity. Following initial treatment, patients 
should be kept in a cool, quiet area and monitored closely for ade- 
quate renal output (1 mL/kg/hr)” for several days. 


REPRODUCTION 


General characteristics of the bovid reproductive cycle include a 
24- to 72-hour estrous period and an 18- to 25-day luteal phase. 
Male behavior such as following, foreleg kicking, chin resting, and 
mounting may be good indicators of estrus; however, females will 
generally only stand to be mounted by a male during peak estrus. 
Seasonality varies among artiodactyls and may shift to some degree 
ex situ. Species from higher latitudes tend to be more seasonal com- 
pared with tropical species.” 

Onset of sexual maturity may vary widely within and among 
species and is influenced by diet and general health (see Table 63-1). 
In herd settings, the removal of the breeding male may accelerate 
sexual maturity in young males. Fertility assessment in males is best 
achieved by microscopic examination of spermatozoa, collected by 
electroejaculation under general anesthesia. Most healthy bovid 
species produce highly concentrated spermatozoa with over 50% 
motile cells. Diagnosis of pregnancy may be made through rectal 
palpation or ultrasonography in many bovids, however, the risk of 
anesthesia, if necessary, may outweigh the benefit of early pregnancy 
diagnosis in many fractious species. Fecal progestin assays, available 
in many laboratories, provide a means of noninvasive pregnancy 


diagnosis but require repeated collection of multiple fecal samples 
over many weeks. 


Assisted Reproduction 


As the sustainability of nondomestic bovids in captive collections 
becomes less certain, the development of assisted reproductive tech- 
niques becomes more important to species’ success because of the 
potential to facilitate the infusion of new genetics into a herd while 
eliminating the cost and risk of transportation. These techniques also 
have the potential advantage of reducing the risk of disease transmis- 
sion, but international transport of gametes remains challenging 
because of the risk of transboundary disease transmission.*’ Because 
assisted reproduction has been widely used in domestic cattle, tech- 
niques have been adapted from domestic protocols for many non- 
domestic species.” However, species differences in estrous cycle 
length, sensitivity to exogenous hormones, and stress response have 
limited the success of using domestic bovine protocols in bovids. In 
general, estrus synchronization protocols must be developed through 
research on each species. To date, estrus synchronization and artifi- 
cial insemination using frozen-thawed semen have been successful 
in the eland, banteng, gaur, addax, scimitar-horned oryx, suni, 
blackbuck, Speke gazelle, Mhorr gazelle, and springbok.””” 


Perinatal Care 


Neonatal mortality rates among nondomestic bovids are often over 
30%. Because management techniques differ significantly between 
these animals and their domestic counterparts, an understanding of 
the special needs and risks involved in dam and neonate manage- 
ment may prevent unnecessary problems and losses, as previously 
reviewed.” Housing should provide the opportunity for seclusion, 
adequate ventilation and drainage, and exposure to sunlight. Species 
with strong herd instincts may be most successful when housed with 
conspecifics and in a familiar environment during calving. In tem- 
perate areas, careful timing of breeding to favor mild-season calving 
may also improve neonatal survival. One month prior to expected 
parturition, the energy ration should be increased and special atten- 
tion paid to the provision of adequate calcium and minerals, particu- 
larly if the regional soil is deficient in specific minerals such as 
selenium. 
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TABLE 63-13 


Condition 


Diagnostic Findings Treatment 
Hypothermia Body temperature < 37° C (99° F) Warm neonate slowly (2° F per hour) using dry circulating air, 
blankets, heat lamps, and warmed intravenous fluids or 
warmed oral colostrum. 
Hypoglycemia Blood glucose <60 milligrams per deciliter (mg/dL) 500 milligrams per kilogram (mg/kg) (10 milliliters per kilogram 


[mL/kg] 5% solution) dextrose intravenously over several 
minutes 

Repeated dosing may be necessary 

Once corrected, maintain glucose administration at least 
250 mg/kg/day until neonate accepts food or begin 
parenteral nutrition 


Metabolic acidosis Base deficit >10 millimoles per liter (mmol/L) 


Blood pH <7.25 


Intravenous sodium bicarbonate (1.3%): 

Milliequivalent bicarbonate (mEq HCO3) = Base deficit x body 
weight x 0.5, or 

Empirical treatment with 1-2 mEq/kg 


Hypoxemia Saturation of arterial oxygen (SaO,) <90% Nasal insufflation with 5-10 liters per hour (L/hr) oxygen or 
Partial pressure of arterial oxygen (PaO) <70 mm Hg ventilation 
Septicemia Blood culture positive Initiate broad-spectrum intravenous antibiotics 


Elevated or reduced white blood cell count 
Fibrinogen > 500 mg/dL 
>2% band neutrophils 


Consider plasma transfusion 

Maintain body temperature, hydration, acid-base balance, and 
blood glucose 

Provide adequate nutrition 


From Wolfe BA, Lamberski NL: Approaches to management of neonatal nondomestic ungulates. Vet Clin North Am Exot Anim Pract 15(2):61-72, 2012.°° 


Impending parturition may be signified by teat and udder 
enlargement (weeks) and vulvar swelling or relaxation (days) prior 
to parturition. Dams will often seek isolation and give birth at night. 
Dystocia is not uncommon, particularly in species of limited genetic 
diversity, and represents an important risk factor for morbidity and 
mortality in calves. If birth intervention is required, many dams will 
not accept an offspring following general anesthesia, resulting in 
failure of passive transfer (FPT) and the need for hand rearing. 


Neonatal Care 


Close observation of neonates soon after birth is important to docu- 
ment normal behavior and nursing.” Although in many wild cattle 
and gazelle species, the neonate will stand and follow the dam soon 
after birth, most other nondomestic ruminants are “hiders” and are 
left by their mothers to lie motionless for long periods. In these 
species, finding the neonate and observing nursing may be a chal- 
lenge. Neonates should be observed nursing within a few hours of 
birth, and a calf that is weak, unresponsive to stimulation by the 
dam, unable to stand soon after birth, or fails to nurse warrants 
evaluation. 

Timely intervention is critical, but the decision to treat an 
unthrifty neonate may be complicated. Maternal neglect is common 
in dams that are inexperienced or stressed, but when a healthy, 
experienced dam abandons her offspring, it may point to an underly- 
ing problem compromising the viability of the offspring. The costs 
of committing to treatment and hand rearing, the likelihood of 
success, and the future of the neonate must all be taken into account 
in the decision to remove a high-risk neonate from the care of 
its dam. 

Guidelines for the diagnosis and treatment of common neonatal 
conditions are listed in Table 63-13. Following normal birth, mild 
metabolic acidosis is common for up to 48 hours. However, severe 
acidosis may result in weakness, inability to nurse, and FPT. Clearing 
he airway and providing whole-body and nasal stimulation may 
stimulate respiration. Neonates born to anesthetized dams may have 
pharmacologic respiratory depression and should receive specific 


antagonists. Oxygen therapy has been shown to improve neonatal 
survival in at-risk domestic calves.”” Intravenous fluid therapy may 
improve the chance of survival and provides a means of rapidly 
treating metabolic abnormalities. Treatment for acidosis with sodium 
bicarbonate (see Table 63-13) should only be administered after the 
establishment of a normal breathing pattern and may otherwise 
exacerbate respiratory acidosis. Provision of an external heat source 
24 hours or more after parturition may improve thermoregulation, 
oxygen saturation, tidal volume, and respiratory rate.” 

Common causes of illness in neonatal ruminants include acidosis, 
hypothermia, hypoglycemia, dehydration, pneumonia, and septice- 
mia, each of which may be rapidly fatal” Physical examination 
findings of hypothermia or hyperthermia, tachycardia, tachypnea, 
hyperemia or petechiae of mucous membranes, increased capillary 
refill time, cold extremities, diminished peripheral pulse, and inabil- 
ity to correct hypoglycemia despite treatment are suggestive of sep- 
ticemia. Supportive treatment for neonatal septicemia should include 
provision of a clean, warm, lowly lit environment; soft, clean 
bedding; intravenous fluid supplementation; and plasma transfu- 
sion, colostrum supplementation, or milk-based nutritional support, 
depending on the age and condition of the neonate. Bedding should 
be changed frequently as septicemic neonates are usually too weak 
to stand and therefore susceptible to urine scald and corneal irrita- 
tion or ulceration. 


PREVENTIVE MEDICINE 


Well-designed preventive medicine protocols, including quarantine, 
regular disease screening, vaccination, sanitation, and vermin 
control, are important to the successful maintenance of nondomestic 
bovid collections. Annual vaccination for diseases of particular 
concern such as Clostridium species and rabies is commonly per- 
formed. Regional disease risks should be considered, as vaccination 
for some diseases following an outbreak may interrupt the disease 
cycle. Live vaccines should be used with caution in nondomestic 
ruminants. 


644 


PART IV = MAMMAL GROUPS 


ACKNOWLEDGMENTS 


The author gratefully acknowledges the assistance of Stephen Fowler, 
Priya Bapodra, Rae Gandolf, Lana Kelly, Lisa Bigelow, Dan Beetem, 
and Justin Rosenberg in the preparation of this chapter, and Scott 
Citino for the chapter in the previous edition. 


REFERENCES 


". 


19. 


20. 


Animal Diversity: http://animaldiversity.ummz.umich.edu/. Accessed 
June 13, 2012. 


. Association of Zoos and Aquariums: AZA Antelope and Giraffe Advisory 


Group Regional Collection Plan, ed 5. 2008. http://www.antelopetag.com/ 
regional_collection_plan.htm. Accessed November 11, 2012. 


. Ball RL: Antelope. In West G, Heard D, Caulkett N, editors: Zoo animal 


and wildlife immobilization and anesthesia, Ames, IA, 2007, Blackwell 
Publishing, pp 613-622. 


. Beer M, Conraths FJ, Van der Peol WHM: Schmallenberg virus—a 


novel orthobunyavirus emerging in Europe. Epidemiol Infect 141(1):1-8, 
2012. 


. Brown C, Torres A, editors: Committee on foreign and emerging animal 


diseases of the Unites States Animal Health Association, ed 7, Boca Raton, 
FL, 2008, Boca Publications Group. 


. Bush M, Citino SB, Lance WR: The use of butorphanol in anesthesia 


protocols for zoo and wild mammals. In Fowler ME, Miller RE, editors: 
Zoo and wild animal medicine: Current therapy, ed 7, St. Louis, MO, 2012, 
Saunders, pp 596-603. 


. Carling MD, Wiseman PA, Byers JA: Microsatellite analysis reveals mul- 


tiple paternity in a population of wild pronghorn antelopes. J Mammal 
84:1237-1243, 2003. 


. Caulkett N, Haigh JC: Bison. In West G, Heard D, Caulkett N, editors: 


Zoo animal and wildlife immobilization and anesthesia, Ames, IA, 2007, 
Blackwell Publishing, pp 643-646. 


. Christman J: Physical methods of capture, handling, and restraint. In 


Kleiman DG, Tompson KV, Baer CK, editors: Wild mammals in captivity: 
Principles and techniques for zoo management, ed 2, Chicago, IL, 2010, 
University of Chicago Press, pp 39-48. 


. Citino SB: Bovidae (except sheep and goats) and antilocapridae. In 


Fowler ME, Miller RE, editors: Zoo and wild animal medicine: Current 
therapy, ed 5, St. Louis, MO, 2003, Saunders, pp 649-674. 


11. Clauss M, Dierenfeld ES: The nutrition of “browsers.” In Fowler ME, 


Miller RE, editors: Zoo and wild animal medicine: Current therapy, ed 6, 
Philadelphia, PA, 2008, Saunders, pp 444-453. 


. Committee on Diagnosis and Control of Johne’s Disease, National 


Research Council: Diagnosis and control of Johne’s disease, Washington, 
DC, 2003, National Academies Press. 


. Curro T: Nondomestic cattle. In West G, Heard D, Caulkett N, editors: 


Zoo animal and wildlife immobilization and anesthesia, Ames, IA, 2007, 
Blackwell Publishing, pp 635-642. 


. Donovan TA, Schrenzel MD, Tucker T, et al: Meningoencephalitis in a 


polar bear caused by equine herpesvirus 9 (EHV-9). Vet Pathol 46:1138— 
1143, 2009. 


15. Drackley JK: Calf nutrition from birth to breeding. Vet Clin N Am Food 


Anim Pract 24(1):55-69, 2008. 


. Ebedes H: The use of tranquilizers in wildlife. Department of Agricultural 


Development, Bulletin No. 423, Pretoria, South Africa, 1992, Directorate 
of Agricultural Information. 


. Ebedes H, Van Rooyen J, Du Toit JG: Capturing wild animals. In Bothma 


JDP, editor: Game ranch management, ed 4, Pretoria, South Africa, 2002, 
Van Schaik Uitgewers, pp 382-430. 


. Eschbaumer M, Wenike K, Batten C, et al: Epizootic hemorrhagic 


disease virus serotype 7 in European cattle and sheep: Diagnostic con- 
siderations and effect of previous BTV exposure. Vet Microbiol 159:298— 
306, 2012. 

European Food Safety Authority: Bovine besnoitiosis: An emerging 
disease in Europe. EFSA J 8(2):1499, 2010. 

Fontenot D, Miller J: Alternatives for gastrointestinal parasite control in 
exotic ruminants. In Fowler ME, Miller RE, editors: Zoo and wild animal 


21. 


22. 


29; 


24. 


25% 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


əf: 


38. 


39. 


40. 


41. 


42. 


43. 


medicine: Current therapy, ed 7, St. Louis, MO, 2012, Saunders, pp 
581-627. 

Fowler ME: Restraint and handling of wild and domestic animals, ed 2, 
Ames, IA, 1995, Iowa State University Press. 

Gasper D, Barr B, Li H, et al: Ibex-associated malignant catarrhal fever- 
like disease in a group of bongo antelope (Tragelaphus euycerus). 
Vet Pathol 49:492—497, 2012. 

Groves CP, Grubb P: Ungulate taxonomy, Baltimore, MD, 2011, Johns 
Hopkins University Press. 

Gutierrez-Exposito D, Ortega-Mora LM, Gajadhar AA, et al: Serological 
evidence of Besnoitia spp. infection in Canadian wild ruminants and 
strong cross-reaction between Besnoitia besnoiti and Besnoitia tarandi. Vet 
Parasitol 190:19-28, 2012. 

Haigh J: The use of chutes for ungulate restraint. In Fowler ME, 
Miller RE, editors: Zoo and wild animal medicine: Current therapy, ed 4, 
Philadelphia, PA, 1999, Saunders, pp 657-661. 

Huffman B: The ultimate ungulate page: Your guide to the world’s hoofed 
mammal species, http://www.ultimateungulate.com. Accessed July 21, 
2012. 

Isaza R: Remote drug delivery. In West G, Heard D, Caulkett N, editors: 
Zoo animal and wildlife immobilization and anesthesia, Ames, IA, 2007, 
Blackwell Publishing, pp 61-74. 

Ishihara K, Hosokawa Y, Makita K, et al: Factors associated with 
antimicrobial-resistant Escherichia coli in zoo animals. Res Vet Sci 93:574— 
580, 2012. 

Kreeger TJ: Handbook of wildlife chemical immobilization, Laramie, WY, 
1996, International Wildlife Veterinary Services. 

Lamberski N, Fuller J: Practical aspects of ruminant intensive care. In 
Fowler ME, Miller RE, editors: Zoo and wild animal medicine: Current 
therapy, ed 7, St. Louis, MO, 2012, Saunders, pp 636-643. 

Lance WR, Kenny DE: Thiafentanil oxalate (A3080) in nondomestic 
ungulate species. In Fowler ME, Miller RE, editors: Zoo and wild animal 
medicine: Current therapy, ed 7, St. Louis, MO, 2012, Saunders, pp 
589-595. 

Li H, Cunha CW, Taus NS: Malignant catarrhal fever: Understanding 
molecular diagnostics in context of epidemiology. Int J Mol Sci 12:6881— 
6893, 2011. 

Maillard R, Petit E, Chomel B, et al: Endocarditis in cattle caused by 
Bartonella bovis. Emerg Infect Dis 13(9):1383-1385, 2007. 

Mallon D: The current status of antelopes: An overview. In Antelope 
conservation in the 21st century: From diagnosis to action, London, U.K., 
2011, Zoological Society of London, pp 3-4. http://static.zsl.org/files/ 
antelope-conservation-in-the-2 1st-century-abstracts-1674.pdf. Accessed 
October 13, 2012. 

Mariner JC, House JA, Mebus CA, et al: Rinderpest eradication: Appro- 
priate technology and social innovations. Science 337:130-1312, 2012. 
Menzies P: Lambing management and neonatal care. In Youngquist 
RSTW, editor: Current therapy in large animal theriogenology, ed 2, 
St. Louis, MO, 2007, Saunders, pp 680-695. 

Miller MA: Current diagnostic methods for tuberculosis in zoo mammals. 
In Fowler ME, Miller RE, editors: Zoo and wild animal medicine: Current 
therapy, ed 6, Philadelphia, PA, 2008, Saunders, pp 10-19. 

Monfort SL: Non-invasive endocrine measures of reproduction and stress 
in wild populations. In Wildt DE, Holt W, Pickard A, editors: Reproduc- 
tion and integrated conservation science, Cambridge, U.K, 2003, Cambridge 
University Press, pp 147-165. 

Morrow CJ, Penfold LM, Wolfe BA: Artificial insemination in deer and 
non-domestic bovids. Theriogenology 71:149-165, 2009. 

Nagy DW: Resuscitation and critical care of neonatal calves. Vet Clin N 
Am Food Anim Pract 25:1-14, 2009. 

Nowak RN, editor: Walker’s mammals of the world, ed 6, Baltimore, MD, 
1999, Johns Hopkins University Press. 

Paterson J: Capture myopathy. In West G, Heard D, Caulkett N, editors: 
Zoo animal and wildlife immobilization and anesthesia, Ames, IA, 2007, 
Blackwell Publishing, pp 115-121. 

Penfold LM, O’Brien J: Importation of nondomestic semen for manage- 
ment of zoological populations using artificial insemination. In 
Fowler ME, Miller RE, editors: Zoo and wild animal medicine: Current 
therapy, ed 7, St. Louis, MO, 2012, Saunders, pp 604-611. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


əl: 


32; 


53. 


Read M: Long-acting neuroleptic drugs. In Heard D, editor: Zoological 
restraint and anesthesia, Ithaca, NY, 2002, International Veterinary Infor- 
mation Service. 

Samuel WM, Pybus MJ, Kocan AA, editors: Parasitic diseases of wild 
mammals, ed 2, Ames, IA, 2001, Iowa State University Press. 
Schumacher J: Side effects of etorphine and carfentanil in nondomestic 
hoofstock. In Fowler ME, Miller RE, editors: Zoo and wild animal medicine: 
Current therapy, ed 6, Philadelphia, PA, 2008, Saunders, pp 455-461. 
Sigurdson CJ, Miller MW: Other animal prion diseases. Br Med Bull 
66:199—212, 2003. 

Stringfield C, Greene K: Exotic ungulates. In Gage L, editor: Hand-rearing 
wild and domestic mammals, Ames, IA, 2002, Iowa State Press, pp 
256-262. 

Teare JA: Reference ranges for physiological values in captive wildlife, Apple 
Valley, MN, 2010, International Species Information System. 

Terrill TH, Miller JE, Burke JM, et al: Experiences with integrated con- 
cepts for the control of Haemonchus contortus in sheep and goats in the 
United States. Vet Parasitol 186:28—37, 2012. 

Van Soest PJ: Nutritional ecology of the ruminant, ed 2, Ithaca, NY, 1994, 
Cornell University Press. 

Van Wyk J, Hoste H, Kaplan R, et al: Targeted selective treatment for 
worm management:—How do we sell rational programs to farmers? Vet 
Parasitol 139:336-346, 2006. 

West G: Gazelles. In West G, Heard D, Caulkett N, editors: Zoo animal 
and wildlife immobilization and anesthesia, Ames, IA, 2007, Blackwell 
Publishing, pp 623-628. 


54. 


35. 


56. 


57. 


58. 


59. 


60. 


Williams ES, Thorne ET: Exertional myopathy (capture myopathy). In 
Fairbrother A, Locke LN, Hoff GL, editors: Noninfectious diseases of wild- 
life, ed 2, Ames, IA, 1996, lowa State University Press, pp 181-193. 
Wohlsein P, Lehmbecker A, Spitzbarth I, et al: Fatal epzootic equine 
herpesvirus 1 infections in new and unnatural hosts. Vet Microbiol 
149:456-460, 2011. 

Wolfe BA, Lamberski N: Approaches to management and care of the 
neonatal nondomestic ruminant. Vet Clin N Am Exotic Anim Pract 
15(2):265-277, 2012. 

Wolfe BA, Aguilar RE Aguirre AA, et al: Sorta situ: The new reality of 
management conditions for wildlife populations in the absence “wild” 
spaces. In Aguirre AA, Ostfeld R, Daszak P, editors: New directions in 
conservation medicine: Applied cases of ecological health, New York, 2012, 
Oxford University Press, pp 576-589. 

Zerbe P, Clauss M, Codron D, et al: Reproductive seasonality in captive 
wild ruminants: Implications for biogeographical adaptation, photoperi- 
odic control, and life history. Biol Rev 87:965—990, 2012. 

Zoologic Formulation and Mixing: Pet Ag, Inc., Hampshire IL, http:// 
www.petag.com/PDFs/Zoologic%20Formulations.pdf. Accessed June 28 
2012. 

Zuba JR: Hoof disorders in nondomestic artiodactylids. In Fowler ME, 
Miller RE, editors: Zoo and wild animal medicine: Current therapy, ed 7, 
St. Louis, MO, 2012, Saunders, pp 619-627. 


CHAPTER 64 


CHAPTER 64 “ Sheep, Goats, and Goat-Like Animals 645 


Sheep, Goats, and Goat-Like 


Animals 
Martha A. Weber 


BIOLOGY 


Wild sheep and goats belong in the family Bovidae and are grouped 
in the subfamily Caprinae. The three tribes within the Caprinae are 
(1) Ovibini (muskox and takin), (2) Rupricaprini (goral, serow, and 
chamois), and (3) Caprini (sheep, goat, and tahr). Eighty-five species 
and subspecies are recognized by the International Union for the 
Conservation of Nature (IUCN); 63% of these are categorized as 
Near Threatened, Vulnerable, Endangered, or Critically Endangered. 
Overhunting, habitat loss, and disease transfer from domestic sheep 
and goats are responsible for many population declines. 

Caprinae species are distributed across the northern hemisphere, 
often in inhospitable environments such as deserts, tundra, moun- 
tains, or forests. Generally, both sexes have horns; depending on the 
species, these may be short and sharp or large and ornate. Marked 
sexual dimorphism exists in the size and shape of the horns in 
animals in the tribe Caprini; this is less distinct in the other tribes. 
Table 64-1 lists characteristics for selected species. 

Global climate change may hasten the population decline or 
extinction of some species. Cold-adapted animals may experience 
increased stress in the face of local temperature changes. Movement 


of animals out of their traditional ranges, exposure to novel patho- 
gens as species commingle, and changes in parasite and vector dis- 
persal could all play a role in the development of new epizootic 
diseases in populations. 


SPECIAL HOUSING REQUIREMENTS 


Most Caprinae are agile climbers and jumpers. Enclosures and 
holding areas need adequate moats, fencing, or both to prevent 
escape. Climbing structures promote natural behaviors and hoof 
wear in montane species, but it must be ensured that they do not 
provide a point from which an animal can leap out of the enclosure. 
Species adapted to northern climates should have access to shade 
structures and cooling sprays when housed in warm and humid 
environments. 


FEEDING 


Caprinae are ruminants and, in the wild, may be grazers, browsers, 
or generalist herbivores. Diets in captivity generally consist 
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TABLE 64-1 


Common Name Scientific Name 


Weight Range (kilograms) 


Gestation (days) | Captive Life Span (years) 


Takin Budorcas taxicolor 200-400 (male) 240-260 12-15 
150-250 (female) 

Muskox Ovibos moschatus 180-400 225 8-24 

Japanese serow Capricornus crispus 30-130 200 5-20 

Goral Naemorhedus griseus 35-45 250-260 12-15 

Rocky Mountain goat Oreamnos americanus 70-100 (male) 180 15-18 
45-70 (female) 

Chamois Rupicapra rupicapra, R. pyrenica 40-50 (male) 170 14-20 
30-35 (female) 

Aoudad Ammotragus lervia 40-145 160 5-20 

(Barbary sheep) 

Tahr Hemitragus, Arabitragus, Nilgiritragus 50-125 (male) 180-190 10-20 
45-70 (female) 

Markhor Capra falconeri 80-110 (male) 135-170 10-14 
30-40 (female) 

Ibex Capra ibex, C. nubiana, C. pyrenica 40-120 150 10-15 

Bighorn sheep Ovis canadensis 55-135 (male) 175 12-15 
55-90 (female) 

Thin horn sheep Ovis dalli 

(Dall sheep) 

Urial Ovis orientalis arkal 60-100 (male) 150-160 12-15 
40-50 (female) 

Bharal Pseudois nayaur 35-75 160 10-15 

(Blue sheep) 


of concentrate pellets and grass or alfalfa hay. Salt blocks may be 
provided. Some species may be sensitive to high levels of dietary 
copper, so trace mineral blocks should not be used at all or used 
with caution. Food items should be presented in multiple locations 
around an enclosure to keep dominant animals from preventing 
others access to food. Nontoxic browse items may be added to the 
diet as they are available. 


RESTRAINT AND HANDLING 


Free-ranging animals may be manually captured with drive nets or 
box traps. When herding animals, it is important to be aware of 
hazards such as rock faces, precipices, or water. Prolonged running 
may induce hyperthermia and capture myopathy. Acepromazine, 
azaperone, xylazine, and haloperidol have been used, with variable 
results, to provide sedation for wild chamoises and ibexes that were 
restrained for several hours after capture.**°°? 

Some smaller species in captivity (e.g., urial, goral) may be hand 
captured and restrained for short procedures (hoof trim, venipunc- 
ture, tuberculin testing). Handlers need to take into consideration 
that the animals may jump, bank off walls, and inflict injury with 
their horns. The horns of juvenile animals should not be handled 
for restraint, as the bony core may not be fused to the skull and thus 
may break. Blindfolding restrained animals may help keep them 
calm during the procedure. Respiratory rate and body temperature 
should be monitored during restraint. 


Chemical Restraint and Anesthesia 


General anesthesia may be used for large species, invasive proce- 
dures, or procedures of longer duration. Commonly used chemical 
restraint agents in Caprinae include opioids, dissociative agents, and 
Oə-agonists.” Opioids used include the ultrapotent narcotic agents 


carfentanil, thiafentanil, and etorphine. These agents are highly regu- 
lated in some countries and do pose a risk to personnel who may 
come into contact with the substances. The use of butorphanol, a 
partial opiate agonist—antagonist, in combination with 0 -agonists, 
has been reported to result in excellent anesthesia in takins, with a 
significant decrease in rumen reflux.”” Reversal of opiate anesthesia 
is generally achieved using naltrexone administered intramuscularly 
(IM) or intravenously (IV). 

Q,-agonists, including xylazine, medetomidine, and detomidine, 
have been used in Caprinae. Medetomidine and detomidine bind 
more specifically to the oo-receptors than xylazine, resulting in 
greater potency. Atipamezole is recommended for reversal, although 
yohimbine or tolazoline may also be used to reverse the effects of 
xylazine. 

The dissociative anesthetic agents ketamine and tiletamine— 
zolazepam are also commonly used in Caprinae. Good quality anes- 
thesia is usually obtained with these agents, in combination with 
Oo-agonists or opiates. Ketamine and tiletamine are not reversible, 
which may be a disadvantage when immobilizing free-ranging speci- 
mens. Supplemental ketamine may be given intravenously, either as 
boluses or a constant rate infusion, to enhance or prolong 
anesthesia. 

Induction doses are generally administered intramuscularly by 
hand syringe, pole syringe, or projectile dart. Ifan animal is restrained 
manually or in a chute intravenous injection may be an option. 

Intubation is recommended for all animals that are fully anesthe- 
tized to prevent aspiration of refluxed rumen contents. The use of 
stylets greatly facilitates intubation in species with narrow muzzles. 
Isoflurane works well to maintain anesthesia for procedures of long 
duration. 

The published literature should be reviewed to identify current 
dosage recommendations for anesthetic agents and species-specific 
factors. 
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TABLE 64-2 _ rrxyqpuqpmuxay-zupaın 


Goral (Naemorhedus Domestic Goat 


Parameter Takin (Budorcas taxicolor) griseus) Urial (Ovis aries arkal) (Capra hircus) 
Erythrocytes ( x10°/ml) 8.0-14.0 7.8-13.5 10.7-14.5 9.3-14.7 
Packed cell volume (%) 25-35 27-45 39-50 26-39 
Hemoglobin (g/dl) 9.1-12.3 9.4-15.8 12.3- 5.5 9.2-13.3 
Leukocytes (per ml) 4900-12,000 2400-6,300 3500-8000 4500-12,300 
Neutrophils (per ml) 3200-8500 1100—3,200 1000-4700 2400-8800 
Lymphocytes (per ml) 1500-2500 750-2,500 1000-4000 2100-7300 
Monocytes (per ml) 100-300 0-300 0-300 150-400 
Eosinophils (per ml) 0-100 0-100 0-200 0-400 
Basophils (per ml) 0-50 0-50 0-50 0-200 
Platelets (x 10“/ml) 250—700 250-900 300—750 200—700 
Fibrinogen (mg/dl) 100-500 100-500 200-500 250-500 


TABLE 64-3 ———.s 


Goral (Naemorhedus Domestic goat 


Parameter Takin (Budorcas taxicolor) griseus) Urial (Ovis orientalis) (Capra hircus) 
Glucose, milligram per deciliter (mg/dL) 70-115 95-150 65-130 50-80 
Blood urea nitrogen (mg/dL) 19-35 14-25 15-28 15-24 
Creatinine (mg/dl) 0.8-2.5 0.7-1.6 0.8-2.2 0.5-1.2 
Calcium (mg/dL) 8.1-10.3 8.4-9.2 8.1-10.9 8.8-11.3 
Phosphorus (mg/dL) 3.1-5.6 4.7-7.7 5.6-7.7 4.2-8.1 
Sodium, milliequivalent per liter (mEq/L) 130-144 144-150 142-156 142-151 
Potassium (mEq/L) 4.4-5.8 3.5-5.1 4.5-5.9 4.1-6.3 
Chloride (mEq/L) 108-115 100-109 104-115 107-118 
Magnesium (mg/dL) 1.9-2.6 1.7-2.1 2.0-3.4 1.8-2.4 
Total protein, gram per deciliter (g/dL) 6.4-7.9 6.0-6.8 5.4-7.9 6.7-8.6 
Albumin (g/dL) 2.8-3.6 2.5-3.5 2.7-3.7 2.8-3.5 
DIAGNOSTICS Malignant catarrhal fever (MCF) is caused by a herpesvirus (ovine 


Physical examination is performed as in other ruminant species. 
Body condition should be assessed regularly. 

Blood is generally collected from the jugular vein. Hematologic 
and biochemical parameters for selected species are listed in Tables 
64-2 and 64-3. Hematocrit values from automated cell counters are 
often very low in takins and a spun packed cell volume (PCV) should 
be measured as well. 

Tuberculin testing is performed as for domestic sheep and goats, 
using 0.1 milliliter (mL) of bovine tuberculin injected intradermally. 
The test site should be read 72 hours after injection. Specific sites 
for tuberculin testing have not been officially recognized in these 
species. Most commonly the injection is performed in a shaved area 
on the lateral cervical region. Takins may show a nonspecific response 
to intradermal tuberculin testing. To minimize the number of anes- 
thetic episodes associated with tuberculin testing, it may be appro- 
priate to be prepared to perform a comparative cervical tuberculin 
test as the initial test. 


INFECTIOUS DISEASE 


Selected infectious diseases are summarized in Table 64-4. 


herpesvirus-2) carried by some Caprinae species. It does not gener- 
ally cause disease in the host species but may cause severe, often 
fatal, disease in other ruminants, especially cervids.’ Transmission is 
through contact with aerosols. Young lambs are believed to shed the 
highest level of viruses. A unique MCF virus, distinct from ovine 
herpesvirus-2, has been identified in the muskox. ° 

Echthyma (orf) is a highly contagious, zoonotic parapoxvirus, 
which primarily affects sheep and goats. Infections have been 
reported in the wild muskox as well as in the captive muskox and 
the takin..””” 

Border disease virus (BDV), a pestivirus, has been reported to 
cause high mortality in free-ranging chamoises. Affected animals 
showed weakness, cachexia, alopecia, and abnormal behavior. ° 

Other viral infections that may affect Caprinae include bovine 
viral diarrhea virus, foot-and-mouth disease, rinderpest, vesicular 
stomatitis, bluetongue, ovine progressive pneumonia, caprine arthri- 
tis and encephalitis, and rabies. 

Mycobacterium avium ssp. paratuberculosis, the causative agent of 
Johne disease, has been detected in both captive and free-ranging 
populations of Caprinae.'' Clinical signs vary by species but may 
include diarrhea and poor body condition, with granulomatous 
enteritis seen at necropsy. Culture of fecal samples is necessary for 
definitive diagnosis. 
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TABLE 64-4 

Disease Causative Agent Epizootiology Signs Diagnosis Management 
Malignant catarrhal Ovine herpesvirus-2 Spread by No disease in carriers Serology Keep Caprinae 


fever aerosols, usually 
associated with 


lambs 


May cause severe fatal 
disease in other 
ruminants 


separated from 
susceptible 
species, especially 
cervids 


Contagious echthyma Parapoxvirus Spread by direct 


contact, fomites, 


Crusting on muzzle 
and around eyes, 


Histopathology of 
lesions 


Separate affected 
animals 


insects papillomatous Differentiate from 
Zoonotic growths on oral vesicular diseases 
mucous membranes, (e.g., foot-and-mouth, 
facial edema bluetongue) 
May see lesions on 
udders 
Epizootic pneumonia Multifactorial, Aerosol Severe respiratory Clinical signs, culture, Maintain separation 


transmission 
from carriers 


of bighorn sheep including 
Mycoplasma ovis, 
Pasteurellaceae, 


Protostrongylus sp. 


disease 
Most marked in naive 
populations 


serology, polymerase 
chain reaction (PCR), 
histopathology 


between bighorn 
sheep and 
domestic sheep 


Infectious Mycoplasma spp., Contact with 


May range from mild 


Clinical signs, culture, Maintain separation 


keratoconjunctivitis Branhamella spp., carriers conjunctivitis to PCR between domestic 
Moraxella spp., corneal perforation and wild Caprinae 
Chlamydophila spp. and blindness 
TABLE 64-5 
Parasite Clinical Signs Treatment 
Eimeria spp. Diarrhea, poor weight gain, ill-thrift Amprolium, sulfadimethoxine, toltrazuril 


Trichostrongyles (Haemonchus contortus, 


Ostertagia spp., Trichostrongylus axel) hypoproteinemia 


Diarrhea, weight loss, anemia, 


Ivermectin, benzimidazoles, levamisole, copper 
Development of anthelminthic resistance is likely 


Fascioloides magna 


Anemia, clotting disorders 


Triclabendazole 


Marked hepatic damage seen at necropsy 


Psoroptes ovis Crusting, hair loss, primarily around ears Ivermectin 
and face 
Sarcoptes scabei Alopecia, lichenification, crusting Ivermectin 


Bighorn sheep have long been known to suffer outbreaks of 
severe respiratory disease following contact with domestic sheep. 
Pathologic changes may include pneumonia, rhinitis, sinusitis, otitis 
media, tracheitis, and pleuritis. The etiology of this disease may be 
complex, with multiple infectious agents implicated as pathogens. 
Pasteurellaceae (Mannheimia hemolytica, Bibersteinia trehalosi, P mul- 
tocida) are frequently isolated from the lungs of bighorn sheep with 
pneumonia. Mycoplasma ovipneumoniae has recently been identified 
as playing a significant role in disease pathogenesis.' 

Infectious keratoconjunctivitis has been described in bighorn 
sheep, chamoises, mouflons, and ibexes. Mycoplasma spp., Branha- 
mella ovis, Moraxella spp., and Chlamydophila spp. have all been 
implicated as possible causative agents. ”/””1 

Other significant bacterial pathogens reported in Caprinae 
include Brucella suis and B. melitensis, Yersinia pseudotuberculosis, and 
Dichelobacter nodosus. 


PARASITIC DISEASE 


Selected parasitic diseases of Caprinae are listed in Table 64-5. 

Coccidial infections (Eimeria spp.) in lambs and kids may cause 
significant morbidity with diarrhea, poor weight gain, and general 
ill-thrift. 


Trichostrongyle parasites (Haemonchus contortus, Ostertagia spp., 
and Trichostrongylus axei) may be a significant problem in captive 
Caprinae because substantial numbers of ova and larvae may build 
up on pastures, and the parasites may rapidly develop resistance to 
anthelminthic agents. Haemonchus may cause significant anemia and 
generalized edema secondary to blood loss. Ostertagia and Tricho- 
strongylus are more often associated with malabsorption, weight loss, 
and diarrhea. 

Lungworms (Dictyocaulus sp., Muellerius sp., and Protostrongylus 
sp.) may cause low-grade respiratory disease or pneumonia. Proto- 
strongylus spp. have been implicated as pathogens in epizootic pneu- 
monia of bighorn sheep. 

Babesia odocoilei is a tickborne, intraerythrocytic parasite of 
cervids. Two captive muskoxen died following infection with B. 
odocoilei, and two others in the same collection were positive on 
polymerase chain reaction for the organism but did not develop 
disease. The affected animals showed lethargy and hematuria and 
died within 36 to 72 hours of showing clinical disease. The remain- 
ing muskoxen were successfully treated with ivermectin milled into 
a concentrate pellet.”””” 

Elaeophora schneideri, a parasite of mule deer and black tailed 
deer, has been found in bighorn sheep and aoudads in the United 
States.””” Affected animals had crusted skin lesions on the face and 


ears. Nematodes were found in the animals’ carotid arteries, and 
microfilariae were seen in the skin, nasal lesions, and pulmonary 
vessels of the bighorn sheep. 

Parelaphostrongylus odocoilei is established in many populations of 
thinhorn sheep, causing granulomatous pneumonia (larvae) and 
localized myositis (adult parasites). ” 

Fascioloides magna has caused morbidity and mortality in captive 
muskoxen. Affected animals had grossly apparent hepatic damage 
with fibrosis and hemorrhage, bile duct hyperplasia, anemia, and 
peritonitis. Animals with vague signs were treated with triclabenda- 
zole, and the clinical signs resolved.” 

Psoroptes ovis may be a significant problem in free-ranging bighorn 
sheep and is associated with local population declines. Animals may 
be checked for infection by swabbing the ears. Ivermectin is effective 
for treatment of P ovis infection. 

Sarcoptes scabei has been documented in the serow, aoudad, blue 
sheep, chamois, and ibex. 515 Affected animals show varying 
degrees of alopecia, skin lichenification, crusting, and fissuring. One 
outbreak in a free-ranging herd of aoudad resulted in a loss of 86% 
of the affected population. ° 


NONINFECTIOUS DISEASE 


Trauma, hoof overgrowth, capture myopathy, hypothermia (lambs), 
dental disease, foreign body ingestion, trichobezoars, urinary 
obstruction secondary to calculi, and toxic plant ingestion may affect 
Caprinae, especially those maintained in captivity. 


REPRODUCTION 


Some species may display seasonal courtship behaviors. 

Contraception in Caprinae has been successful with the use of 
porcine zona pellucida vaccine.'* Melengestrol acetate compounded 
into pelleted feed was used for contraception in a herd of gorals.** 
Treated animals did not calve during the treatment period and did 
calve during the following season, which indicated that contracep- 
tion was reversible. 
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CHAPTER 5 


Avian Deflighting Techniques 


R. Avery Bennett and Katrin Baumgartner 


Over the years, various procedures have been developed to preven 
flight in birds, either to improve their quality of life or to preven 
their escape from public exhibits.” By preventing flight, birds may 
often be allowed more freedom within the facilities. Birds on display 
in open-air exhibits may interact with conspecifics and with other 
species of birds as well as specimens of other taxa, thus creating a 
more realistic and natural display. Although housing birds in large, 
enclosed exhibits may also meet these goals, such arrangements tend 
to be very expensive and may not be an option for all institutions. 
It may be desirable to only temporarily render the birds unable to 
fly; however, in open exhibits, it may be more appropriate to take 
permanent measures to prevent flight. It is ideal to preserve as much 
as possible of the birds normal anatomy while taking steps to prevent 
ight. Unfortunately, most procedures used to deflight birds also 
change the appearance and function of the wing. In some countries, 
amputation of any body part of any animal other than for medical 
reasons is prohibited by law. This limits what procedures may be 
used to prevent flight even in birds in a zoologic setting. 

The majority of the literature regarding techniques for preventing 
ight involves surgery, and such surgery has reportedly been per- 
ormed without anesthesia or analgesia.’ Many of these articles report 
deaths caused by shock in some patients. 

Any procedure that involves incision or transection of tissues 
must be considered painful and should be conducted under general 
anesthesia with appropriate postoperative analgesia for 2 to 5 days. 
In some cases, such as in chicks, a local anesthetic along with an anal- 
gesic and appropriate postoperative analgesia may be acceptable. 

Most commonly, procedures are only performed on one wing 
to cause imbalance and thus make flight more difficult. A 
common comment made in many publications is that surgical 
deflighting procedures impair the bird’s ability to balance and that 
this may affect the ability of male birds to reproduce. Some reports 
in the literature describe that a given deflighting procedure does not 
affect the birds’ ability to groom and breed,”” and some others 
indicate that it does, indeed, affect the ability to breed. "2" Interest- 
ingly, in one report, the author indicated that pinioning causes 
imbalance and inhibits breeding, but follicle extirpation, a procedure 
advocated in the study, does not.“ Intuitively, it seems that having 
no primary flight feathers on one wing would have the same effect 
on balance that pinioning would. The authors of this study were, 
however, unable to find scientific evidence to support these claims. 

Preventing birds from flying has been discussed as a matter 
related to animal welfare for many years.'’ Some species of birds 
such as waterfowl, gallinaceous birds, cranes, storks, and flamingos 
seem to do well even if they cannot fly, whereas other species such 
as hummingbirds, bee-eaters, swifts, swallows, and some raptors 
need flight to thrive. Small-sized aviaries expose birds to the risk of 
wing trauma. 


LEGAL ISSUES 


In zoologic collections, different deflighting techniques are used to 
control flight in birds. Some countries have legislation preventing 
any surgical procedure being performed for nonmedical reasons. 
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Such legislative regulations are often limiting and not directed spe- 
cifically toward zoo birds, so in many countries, zoo veterinarians 
are placed in a legal limbo. Because deflighting, including trimming 
wing feathers, involves removal of a body part or partial removal or 
destruction of tissue, the following legislations may be applied to 
any deflighting technique. 

The German Animal Welfare Law states in paragraph 6 (1): 


The complete or partial amputation of body parts or the complete or 
partial removal or destruction of organs or tissues of a vertebrate are 
prohibited. 


Because this law pertains to all vertebrates, birds are not exempted 
from it. The amputation of parts of the body (pinioning), the com- 
plete or partial removal of tissue (tenotomy or tenectomy, follicle 
excision), and the destruction of tissue (laser or cryosurgical follicle 
ablation), and even flight feather trimming are all considered illegal, 
and veterinarians performing these procedures may be prosecuted. 
In Germany, exemptions, even for feather trimming, do not exist. 

In Switzerland, legislation specifically against pinioning birds has 
been enacted. 

The Swiss Animal Welfare Ordinance states: 


Article 20: Prohibited actions in domestic poultry: 

b. Trimming of the comb and wattles and the wings. 

Article 24: Other prohibited actions: 

b. Surgical procedures to make it easier to keep pets, such as resection 
of teeth, clipping of wings, or removal of secretory glands; procedures 
to prevent reproduction or the removal of dewclaws, are exempted. 


The European Convention for the Protection of Pet Animals was 
opened for signature in Strasbourg on November 13, 1987, enforced 
on May 1, 1992. This Convention states: “Surgical operations ... for 
other non-curative purposes shall be prohibited ....” At present, 15 
of the 27 States in the European Union have ratified this Convention 
and have prohibited cosmetic surgical procedures. In addition, four 
European states have prohibited these operations, even though they 
did not ratify the Convention. 

In the Swiss and European regulations, pet and poultry are 
included, but zoo birds are not. Nevertheless, some veterinary 
authorities in Europe consider deflighting amputation or tissue 
destruction and a modification of appearance; therefore, it is an 
illegal procedure. They cite article 10 of the European Convention 
o prohibit any deflighting techniques other than feather trimming. 
It has been suggested that these laws be changed with respect to zoo 
birds.” 

In the United States, the Animal Welfare Act of 1996 regulates the 
reatment of animals in research institutions and exhibitions. Birds, 
rats, mice, farm-animals, and cold-blooded animals are excluded 
from the Animal Welfare Act.” 


ANATOMY AND PHYSIOLOGY 
OF THE VVING”””5 


The anatomy and physiology of birds have been adapted to allovv 
flight. The bones in the wing include the humerus, ulna, radius, 
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FIGURE 65-1 The osseous anatomy of the wing. (Diagram courtesy of Dr. Stefan Harsch.) 
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radial carpal bone, ulnar carpal bone, carpometacarpus, and bones 
of the digits of the manus (digitus alularis, digitus major, and digitus 
minor) (Figure 05-1). The alula (digit II) has one or two phalanges 
and has an important aerodynamic function. 

The wing has four patagia (Figure 65-2).’ The propatagium is the 
largest skinfold of the wing, and it fills the angle formed by the 
partially flexed elbow. It is composed of a network of multiple layers 
of collagen and elastin, which are suspended between the leading 
edge and the dorsal antebrachium of the wing. 

The primary avian flight muscles are the pectoralis and the supra- 
coracoideus. The pectoralis is a large muscle composed of pri- 
marily large fibers and is attached to the humerus at the deltopectora 
crest. It may make up 35% of the birds total body weight.'' This 
muscle contracts during the downstroke and pronates the wing. The 
supracoracoideus is a smaller muscle with short fibers and originates 
from the sternum; its tendon of insertion passes through the triossea 
canal to the dorsal surface of the humerus. This muscle elevates and 
supinates the wing during the upstroke. Both muscles, the pectoralis 
and the supracoracoideus, accelerate and decelerate the wing across 
the transition between downstroke and upstroke.” The extensor 
carpi radialis originates from the medial epicondyle of the humerus, 
extends over the cranial surface of the carpal joint, and ends in the 
carpometacarpal extensor apophysis. This muscle extends the carpus 
and advances the primary flight feathers forward. The musculus 
pollicis brevis inserts craniodorsally on the base of the alula and 
abducts it or, if the musculus flexor pollicis is relaxed, raises it. The 
musculus pollicis longus originates on the proximal ventral surface 
of the ulna and the radius. The tendon of insertion attaches to the 


Alular patagium 


FIGURE 65-2 The four patagia of the wing include the propata- 
gium, where the wing and the neck join the thorax; the postpa- 
tagium, which is located at the caudal angle of the carpus; 
the metapatagium at the caudal junction of the thorax and 
the wing, and the alular patagium between the alula and the 
carpometacarpus. 


extensor process of the carpometacarpus. This muscle extends the 
carpus when the elbow is flexed. Two smaller muscles, the triceps 
brachii and the biceps brachii, control the wings shape by flexion 
and extension of the elbow. 


ANATOMY AND PHYSIOLOGY OF REMIGES5 


Feathers have different functions. The contour feathers include the 
feathers involved in flight (remiges) and the tail (rectrices). Remiges 
are divided into primary and secondary remiges. The primary 
remiges insert dorsally from the carpus and distally along the carpo- 
metacarpus and phalanges. In most species of birds, 10 primary 
remiges exist and are numbered from proximal to distal. The second- 
ary remiges insert dorsally along the ulna and are counted from distal 
o proximal. They vary in number from six in hummingbirds to as 
many as 40 in some species. The primary and secondary remiges are 
not fixed rigidly in place, but they are able to twist during flight. 
The remiges are attached to feather follicles, which are specialized 
pockets of epidermal and dermal cells from which a new feather 
grows after the old feather is lost during molt by extrusion of the 
old feather from its base. When the feather is growing from the 
papilla of the follicle, it is called a blood feather because it has an 
active blood supply. As the feather matures, it loses its blood supply 
and becomes hollow. The follicle grips the feather at the calamus (the 
hollow portion of the feather shaft) by muscular contraction of the 
follicular muscle and friction. 

The main shaft of the feather is the scapus and is divided into 
he vexillum, or vaned portion, and the calamus, or unvaned portion 


652 PART V © GENERAL ZOO AND WILD ANIMAL TOPICS 


Alular Remiges 


Primary coverts 


Primaries (Primary remiges) = 


B 


Marginal coverts 


Scapulars 


FIGURE 65-3 The main shaft of the feather is the scapus and is divided into the vexillum (vaned 
portion) and calamus (unvaned portion). The vane is the majority of the feather extending perpendicular 
to the shaft. The scapus is the central axis of a feather composed of the calamus (unvaned) and the 


rachis (vaned). 


(Figure 65-3). The vane comprises the majority of the feather, 
extending perpendicular to the shaft. The scapus is the central axis 
of a feather composed of the calamus and the rachis.’ The rachis 
(vaned portion of the scapus) is the solid, long, tubular portion of 
the shaft distal to the skin and is the continuation of the calamus, 
which is the hollow, short, tubular, unpigmented end of the mature 
feather that extends below the level of the skin. 


WING FEATHER TRIMMING 


The most commonly used method to prevent flight in birds is to cut 
the remiges and has only a temporary effect.” The advantages of 
this method are that it is temporary and nonpainful and therefore 
does not require anesthesia or analgesia, it is minimally stressful (if 
not performed in large groups and repeated on a regular basis), and 
it is inexpensive. However, the fact that it is temporary may also be 
a disadvantage.””” Feather trimming is usually done on only one 
wing on the basis of the concept that this will make it more difficult 
for the birds to fly because the birds are unbalanced. However, in 
some species, it may be necessary to trim the feathers on both wings 
to effectively prevent flight.” Larger, heavier-bodied birds are more 
likely to be unable to fly having had only the feathers on one wing 
trimmed. Trimming the feathers on both wings may be advantageous 
in allowing the bird to balance better, which may be important in 
some situations such as during breeding. ” 


The duration of effectiveness depends on the rate of molt in dif- 
ferent species. Most birds only molt once a year, and the molt occurs 
over a relatively brief period. Some birds such as ducks molt twice 
a year because they develop eclipse plumage during breeding season, 
and some other species such as cranes only molt every other year.” 
Feather trimming should be postponed until after a molt to minimize 
the number of times the bird has to be caught to trim remiges.” If 
trimming of flight feathers is used as a method of preventing flight, 
it is important to monitor the wing for feather regrowth and trim the 
new feathers once they have regrown into a mature, nonvital feather. 

In general, all primary remiges on one wing are cut. Trimming 
the feathers on the same side for all specimens of one sex and the 
opposite side for the other sex allows for quick identification of the 
sex of the bird, even from a distance. When trimming remiges, blood 
feathers should not be trimmed.” Generally, cutting feathers just 
proximal to the distal tip of the covert feathers, will prevent damage 
to blood feathers and is considered more cosmetically acceptable 
because the covert feathers cover the cut ends of the remiges. Birds 
may also be less likely to chew on cut feathers that are covered by 
covert feathers. It is considered best to cut each feather individually; 
cutting only the rachis results in a more cosmetically pleasing 
appearance because the vane then extends beyond the cut end of the 
rachis (Figure 65-4). Leaving the first and possibly the second 
primary flight feathers uncut also produces a more cosmetically 
acceptable result, but some birds will still be able to fly. In species 
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A, It is best to cut the feathers just proximal to the covert feathers. B, When the rachis is cut but the vane is not, the 
vane extends beyond the cut part. C, Birds are then less likely to experience irritation of the cut end. D, It is more cosmetically accept- 
able when the cut ends are not visible when the wing is extended. 


that are heavier-bodied, it is preferable to leave these two feathers, 
as this allows the bird to land more gently. African gray parrots (Psit- 
tacus erithacus) are prone to developing lesions on the skin over the 
keel from hitting the substrate hard during attempts to fly after 
having their feathers trimmed. " Some species such as cockatoos are 
prone to chewing on cut flight feathers, which may lead to 
self-mutilation. 


Brailing was first described in 1930” and involves temporarily 
immobilizing the carpus to prevent flight by using external coapta- 
tion. Brailing is applied around the carpus to prevent it from extend- 
ing, thereby preventing flight. It is usually only applied to one wing. 

Historically, brailing has been used primarily to prevent flight in 
juvenile pheasants prior to placing them into an enclosed flight cage. 
However, it has also been used to prevent birds from flying or trau- 
matizing themselves during shipment.''®’® Pheasants are often 
reared for their feathers or for hunting, so amputation and follicle 
extirpation techniques are not used. Once flight feathers begin to 
grow in the chicks, which occurs at an early age in pheasants (10-14 
days), the brail sling is applied.”” It is recommended that the sling 
not be left in place for more than 3 weeks or it may result in wing 
deformity. ° If it is necessary to prevent flight for a longer period, 
the brail sling is removed and a slightly longer one applied to the 


contralateral wing. This allows the first wing to recover and grow 
properly. Brailing may also cause damage to growing flight 
feathers. ” 


The radial nerve runs along the medial aspect of the distal humerus 
and has only skin covering it at this location. Excision of a portion 
of the radial nerve has been done in an effort to prevent flight in 
birds by paralyzing the muscles that flex and extend the carpus.” 
Paralysis persists for months, and the wing droops after the proce- 
dure. The results are unpredictable, and most sources agree that the 
procedure does not permanently prevent flight.”””” 


These techniques often result in short-term prevention of flight, but 
it is likely that even when a portion of a tendon is excised, the 
severed ends reunite with scar tissue resulting in return of enough 
function to allow birds to escape. 


Tenotomy or Tenectomy of the Extensor Metacarpi 
Radialis Longus Muscle 


In an effort to prevent flight in birds, without removing a portion of 
the wing for cosmetic reasons, tenotomy of the tendon of the 
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extensor metacarpi radialis longus muscle was performed in 1940.” 
It was theorized that with the cutting of this tendon, birds would no 
longer be able to extend the carpus enough to be able to fly. In theory, 
the wing should not droop because it is an extensor of the manus 
and the flexors remain undamaged. Although the authors reported 
success with this technique, they noted that it should be done bilat- 
erally and that the birds at the San Diego Zoo were still able to “glide 
off (a hill) to a lower level.” Subsequently, others have recommended 
partial tenectomy—removing a section of the tendon, rather than 
just transecting it. However, this has not improved the success rate 
of deflighting birds.””” Other sources have reported that birds, in 
fact, do have a wing droop after the procedure.””” 

One author suggested that it is important to immobilize the wing 
or approximately 6 weeks following surgery to allow joint ankylo- 
sis.” In 452 birds in his study, either tenotomy or tenectomy was 
performed. In 349 of the birds, the wing was immobilized for 6 
weeks, and in 333 of the birds the carpi were fused; and in only 5 
of the 103 birds in which the wing was not immobilized, the carpus 
considered fused. It is likely the inhibition in extension of the carpus 
resulted from joint arthrodesis rather than from transecting or excis- 
ing a portion of the tendon. 


Tenectomy of the Adductor Pollicis Longus 
and Brevis 


Excision of the tendon of the adductor pollicis longus has been 
reported to result in an inability to extend the carpus without causing 
a wing droop. It inhibits take off and gliding and has been recom- 
mended in storks and herons. Results are reported to be similar to 
tenectomy of the extensor metacarpi radialis longus. 


Tenectomy of the Supracoracoideus Muscle 


The supracoracoideus muscles are located deep to the pectoral 
muscles along the keel of the sternum. The tendon of insertion 
passes through the triosseal canal at the shoulder formed by the 
clavicle, scapula, and coracoid bones attaching on the dorsal tubercle 
of the proximal humerus. Excision of a portion of this tendon of 
insertion on the proximal humerus was first reported in 1936 as an 
experimental procedure?” it was investigated more scientifically by 
Degernes and Feduccia in 2001 as a means to prevent flight in birds 
while maintaining their normal appearance. The tensor propatagialis 
pars brevis muscle fibers must be separated longitudinally to access 
the supracoracoideus tendon, and in some experimental birds, the 
wrong tissue was transected, which indicates that it is not easy to 
accurately identify the supracoracoideus tendon.” 

The procedure did alter wing function by limiting wing extension 
in all birds, but it did not prevent the birds from flying and gaining 
altitude. Birds with bilateral supracoracoideus tenectomy had diffi- 
culty righting themselves when placed on the back. Most birds 
eventually regained the ability to right themselves, but one bird was 
euthanized because it was never able to right itself. 


Tenotomy of the Superficial and 
Deep Pectoralis Muscles 


Tenotomy or partial tenectomy of the superficia 
muscle has also failed to prevent flight over the long term in birds. 
Tenectomy of the deep pectoralis muscle has been reported to be 
effective in swans and pigeons, but the dissection is difficult, and 
birds might regain the ability to fiy.“ 


VT or deep”” pectoral 


10,34 


Tenotomy of the Triceps Brachii 

Transection of the triceps tendon at the elbow or distal humerus 
results in a severe wing droop in over 50% of birds, and it is, there- 
fore, not recommended.” 


PINIONING 


Pinioning is the act of surgically removing one pinion joint, the joint 
of a birds wing farthest from the body, to prevent flight.” It is basi- 
cally a surgical amputation at the carpus. The procedure is usually 


only performed on one wing, based on the assumption that this will 
result in imbalance. The authors have been unable to find reports 
comparing unilateral pinioning with bilateral pinioning. 


Hatchling Birds 


Most sources recommend pinioning of hatchling birds betvveen the 
ages of 3 and 10 days.””” Chicks are allowed to begin eating and 
adapt to life outside the egg before this potentially painful and stress- 
ful procedure is performed. The tip of one wing is cut off with scis- 
sors by lifting the alula and positioning the scissor across the 
carpometacarpus to transect proximal to the major and minor por- 
tions to ensure that the follicles of all primary remiges are removed.” 
Topical or iniectable local anesthetic should be applied to reduce the 
pain associated vvith the procedure, making sure to calculate an 
appropriate dose, which may be difficult in small chicks. Hemor- 
rhage is minor, and the amputation site heals quickly by secondary 
intention. The alula is left in an effort to protect the amputation site 
during healing and after the bird has grown feathers.’’ As much of 
he caudal aspect of the carpometacarpus as possible must be 
removed to remove all primary flight feather follicles. If the cut is 
oo distal, some remiges will grow, and the bird may be able to fly.” 
If the cut end extends beyond the alula, it is more prone to trauma 
and development of a stump granuloma. Chicks under parental care, 
or example, wading birds, psittacines, and pelicans, may be rejected 
by the parent after pinioning. “ 

In hatchlings that are slightly older (1-3 weeks), hemorrhage is 
more likely to be significant. A hemostatic clip may be applied just 
proximal to the amputation site, as proximal as possible, to preserve 
he alula.””” The clip is applied at an angle under the alula, from 
distal to proximal, to allow removal of all of the primary remiges. 
The clip will provide hemostasis when scissors are used to amputate 
distal to the clip, and the tissue within the clip will necrose and heal 
proximal to it. In 8 to 10 days, the clip will fall off. 


Adult Birds 


In more mature chicks and in adult birds, surgical amputation of the 
distal wing is performed for pinioning. The goal is to remove the 
carpometacarpus to which the primary remiges are attached thus 
preventing birds from flying. General anesthesia and aseptic tech- 
nique are used.” Hemostasis is vital and may be achieved using 
ligatures, hemostatic clips, electrosurgery, laser, or other techniques. 
Postoperative analgesia should be provided for 3 to 5 days following 
surgery. 

Surgical removal of the carpometacarpus was first reported in 
1912.” Since then, various procedures for amputation of the wing 
tip in adult birds have been reported.''*????*?°? The procedures 
include the use of an elastic band to control hemorrhage; a double- 
action bone cutter to cut just distal to the alula, leaving it to heal by 
secondary intention; and performing an aseptic surgical disarticula- 
ion at the carpus.” When the wing is extended, no primary remiges 
remain, and this is considered unsightly by many. "177777 Some have 
reported leaving the cut end to heal by secondary intention,'*’”?* 
since not enough soft tissue remains to cover the cut end of the bone. 
Other authors have reported preserving the skin 1 to 2 cm distal to 
he carpus, performing a disarticulation at the distal radius and ulna, 
but preserving the radial carpal bone or transecting the carpometa- 
carpus, and then using the soft tissues to cover the ends of the 
bones. 14,36,39 

In much of the literature regarding deflighting of birds by ampu- 
tation of the distal wing, much concern has been expressed about 
trauma to the stump.! The bone has very little soft tissue covering 
it, and when allowed to heal by secondary intention, the scar tissue 
does not hold up to the trauma well. Birds may traumatize the stump 
if the enclosure is too small and the wing hits the walls, or they may 
attempt to fly and hit the stump on the substrate. The risk of stump 
trauma (lacerations, ulcerations, and granulomas) may be minimized 
by surgically covering the stump with normal, feathered skin. In 
addition, the site heals faster with less risk of infection when 
sutured.” Some birds, including pelicans (Pelecanus sp.) and ground 


hornbills (Bucorvus leadbeateri), have pneumatic carpometacarpal 
bones. In these birds, transected bone must be covered, or the bird 
may drown from aspiration of water through the exposed cut bone. ° 

One author reported performing pinioning by disarticulation at 
the carpus (n = 80) or by ostectomy of the carpometacarpus just 
distal to the articular surface (n = 26) with virtually no complica- 
tions.' Another author performed 4491 deflighting procedures with 
the use of different techniques and preferred amputation distal to 
the articular surface of the carpometacarpus to other methods of 
deflighting birds as being the most reliable and cosmetically 
acceptable. * 

One of this chapters authors (RAB) has developed a modification 
of the technique reported by Fletcher.'* The distal wing is amputated 
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FIGURE 65-5 A, The incision is made under the alula and then through 

the carpus. B, Heavy scissors are needed to cut off the extensor process 

of the carpometacarpus. C, The dissection is then continued perpendicu- 

lar to the incision under the alula and through the carpus, resulting in 

disarticulation. D, The alula is positioned over the cut surface of the 

carpus and sutured in place. E, The amputation stump is covered with 
| normal, feathered skin and protected by the alular remiges. 


at the carpus, preserving the alula and using it to cover the amputa- 
tion site (Figure 65-5). With the use of this technique, the end of 
the wing at the amputation site is not only covered with normal, 
healthy, feathered skin, but it is also covered by the bone in the alula 
and the tough alular remiges. After plucking the feathers and prepar- 
ing the skin for aseptic surgery, an incision is made under or caudal 
to the alula from distal to proximal to the level of the carpus. Then 
the incision is continued caudal to the alula at the carpus from 
dorsal, across the caudal aspect of the joint, then ventrally toward 
the cranial edge of the joint. The skin should not be cut on the cranial 
edge near the alula. Sharp dissection is used to disarticulate the 
carpus at the carpometacarpus, leaving the ulnar carpal and radial 
carpal bones in place. The extensor process of the carpometacarpus 
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articulates with the alula. A bone cutter or a pair of heavy scissors 
is used to cut this projection off, leaving it with the alula. If this is 
removed, the flap created containing the alula will have a very thin 
base and may necrose. The alula is rotated caudally to cover over the 
radial and ulnar carpal bones. Suture the skin on the dorsal and 
ventral aspects of the amputation site. This technique provides a very 
sturdy stump resistant to environmental trauma. 

Severe hemorrhage and shock have been reported as complica- 
tions from pinioning adult birds, °° and many authors have recom- 
mended the use of a tourniquet to control hemorrhage.””” A single 
artery supplies the distal wing—the ventral metacarpal artery, which 
runs along the ventral aspect of the carpus from cranially at the distal 
radius and radial carpal bone to the minor portion (metacarpal IV) 
of the carpometacarpus.'* Ideally, this is ligated prior to being tran- 
sected, but if it is accidently transected, it is fairly easy to identify, 
clamp, and ligate.’’ A technique to occlude the ventral metacarpal 
artery prior to transecting it involves passing a suture between the 
major and minor portions of the carpometacarpus.'* The venous 
drainage at this location is not single or discrete. Continuous, slow 
bleeding may occur but is generally easy to control with digital pres- 
sure, electrosurgery, suture pressure, or bandage. It is best to bandage 
the amputation site to keep it clean and to bandage the wing to the 
body because many birds will hold the wing drooped because of 
postoperative pain and discomfort. After 1 to 2 days, the sutured 
skin incision will have sealed and the pain will have subsided, so 
bandaging is usually no longer needed. 


ARTHRODESIS OF A WING JOINT 


Arthrodesis is defined as the artificial induction of joint ossification 
between two bones via surgery.’ Generally, to accomplish fusion of 
two articular bones, the cartilage on the articular surface must be 
removed and the joint immobilized to allow the bones to heal 
together as one bone. A cancellous bone graft is also recommended 
to facilitate bone healing. Once the bones have healed together as 
one unit, the joint is fixed in the position in which it was immobi- 
lized during healing. 


Carpus 


Carpal arthrodesis has been reported to permanently prevent flight 
in large birds with a cosmetically pleasing outcome.” A surgical 
approach is made at the carpus to expose the distal ulna, the ulnar 
carpal bone, and the proximal carpometacarpus. Holes are drilled in 
he distal end of the ulna, the middle of the ulnar carpal bone, and 
he proximal end of the carpometacarpus. An orthopedic wire is 
passed through the three holes and tightened with the carpus in 
lexion to prevent motion at the carpus. Primary closure eliminates 
he need for postoperative wound management. No mention is made 
of removing articular cartilage, although the author claims good 
results. No long-term outcome was reported, but it would be 
expected that with cyclic stress, the wire may break and because 
articular cartilage still exists, fusion of the bones would probably not 
occur. For this technique to result in arthrodesis, the articular carti- 
lage would have to be removed and the wing immobilized for several 
weeks. 

In another report, the author obliterated the articular cartilage 
before passing the vvire.”” The wing was kept bandaged for 2 to 3 
weeks in an effort to immobilize the joint to allow fusion. Still, the 
author reported that the procedure yielded unacceptable results in 
at least 50% of geese on which the procedure was performed. Birds 
regained the ability to fly after about 3 to 4 weeks, and at that point, 
the wing was also drooped. This would be expected if the bones had 
not yet fused, the wire broke, and the joint could once again be 
extended for flight. 

The authors of both articles mentioned above noted that this 
procedure is difficult and requires some level of surgical expertise. 
It is not a quick procedure and is only useful in large birds in which 
the bones are large enough to create holes through which wire may 


be passed.””” Additionally, both authors reported that birds have a 
wing droop at rest after the procedure. 


Elbow 


Performing elbow arthrodesis immobilizes the elbow preventing 
flight while maintaining all of the remiges with a cosmetic result.” 
Unilateral arthrodesis of the elbow was performed in nine peafowl, 
and the birds were able to strut and display normally during court- 
ship; however, they were also able to cross over a 1.3-meter (m) 
fence.'° 

In this procedure, the medial aspect of the elbow joint is incised 
and the cartilage removed from the distal humerus and the proximal 
ulna. The joint capsule is closed and the elbow is placed in a flexed 
position. A pilot hole is drilled through the distal caudal humerus 
and into the proximal ulna at the elbow joint. A screw is placed 
through the distal humerus and into the proximal ulna. The wing is 
bandaged to the body for 3 weeks. 

This procedure is often more time consuming compared with 
amputation of the distal wing and requires equipment and knowl- 
edge for bone screw application. A bone graft was not applied, but 
arthrodesis was considered complete in 3 weeks. 


PROPATAGIECTOMY (PATAGIECTOMY) 


Surgical removal of the propatagium, along with sutures passed 
around the radius and humerus to prevent wing extension, has been 
successful in preventing flight in birds while maintaining the osseous 
anatomy and all of the flight feathers.””77”” The propatagium is 
excised from the carpus to the proximal humerus and to the elbow 
close to the radius and humerus. The sutures are passed around the 
humerus and radius and tightened to approximate the incised skin 
edges. The skin is sutured along the dorsal (lateral) and ventral 
(medial) aspects of the wing, and the permanently flexed wing is 
maintained in a “figure-of-8” bandage until the soft tissues have 
healed. Hemorrhage is generally minor and easy to control. 

This technique preserves all of the feathers of the wing and pre- 
vents wing extension and flight. The cosmetic results are mixed 
because even though all of the feathers remain, the wing cannot be 
extended. Some species such as storks and cranes that have a low 
body weight and large wingspan are often still able to fly enough to 
escape.’ This procedure generally takes more time to complete 
compared with the techniques used to amputate the wing tip, but 
because all remiges are still present, the cosmetic results may be 
worth the effort it takes to perform the procedure. 


PRIMARY REMIGE FOLLICLE EXTIRPATION 


Extirpation is defined as the complete excision or surgical destruc- 
tion of a body part.” Recently, feather follicle extirpation has been 
recommended as the method of choice for deflighting birds (WAZA 
resolution 2005, WAZA Science and Veterinary Committee).*!”* 


Surgical Excision 


Surgical excision of the follicles of the primary remiges was first 
reported in 1940.” The skin along the insertion of the primary 
remiges was removed to include all of the follicles. The wound was 
left to heal by secondary intention. The procedure was reported to 
result in “some hemorrhage” and took approximately 1 month for 
the resulting wound to heal. After the follicles that form the primary 
remiges are removed, the feathers are not able to regrow, which 
leaves the wing tip without flight feathers, thus preventing flight. 
The follicles of the primary remiges are attached to the major portion 
(metacarpus IID) of the carpometacarpus and the major digit (digit 
ID. All of the germinal tissue must be removed, or the feathers will 
regrow and are generally deformed because of the trauma and partial 
excision of germinal epithelium. It is recommended that actively 
growing feathers (blood feathers) not be removed until they have 
become hollow. In some birds, especially young birds and birds that 


are actively molting, the feathers may grow back, and a second pro- 
cedure may be needed to remove regrown feathers.” 

It is recommended that a tourniquet be placed to minimize hem- 
orrhage; however, if a tourniquet is used, it is important to keep it 
in place for as short a period as possible. Occlusion of the blood 
flow to the distal wing may result in avascular necrosis distal to the 
site of tourniquet application. In large birds, this procedure may be 
time consuming, and excessive hemorrhage, even with a tourniquet, 
is still reported as a complication.*? Other techniques such as elec- 
trosurgery should be used, if available, to control intraoperative 
hemorrhage. 

In smaller birds, a single incision is made along the minor portion 
(metacarpus IV) of the carpometacarpus, providing access to the 
follicles of all 10 or 11 primary remiges, where they are attached to 
carpometacarpus. The skin is elevated caudally to expose the folli- 
cles, and each follicle is individually elevated to completely excise 
the germinal tissue. The calami are cut 6 to 8 mm distal to the point 
of insertion, but below skin level, and that portion of feather is 
removed along with the follicle. The rest of the feather is left attached 
to the skin where it exits and the skin is sutured closed. The wing 


CHAPTER 65 ° Avian Deflighting Techniques 657 


is bandaged for 2 to 3 days. In larger birds, a longitudinal incision 
is made in the skin over each of the primary remiges individually to 
provide exposure to the follicle (Figure 65-6). The follicle is elevated 
and removed, along with 1 cm of the calamus, leaving the portion 
attached to the skin. One or two sutures are placed in the skin. It 
has been reported that large and heavy birds such as storks and 
pelicans may still fly unless the follicles of six coverts are also 
removed. 

The ventral metacarpal artery must be preserved because damage 
to this vessel may result in avascular necrosis of the wing distal to 
the point of thrombosis. Reported complications include feather 
regrowth; excessive hemorrhage, especially in pelicans and flamingos 
(Phoenicopterus); necrosis; and infection. It has been suggested that 
follicle extirpation does not affect breeding, although this has not 
been scientifically evaluated. Cosmetically, the wing tip has not 
been amputated and contains no flight feathers, which some find 
unsightly, °: 

The classical extirpation method has been performed over a long 
period in over 50 species by zoo veterinarians in Germany with good 
results, but to a limited extent in some species. ” 


FIGURE 65-6 For remige follicle excision in a large birds, make an incision parallel to the calamus 


from the insertion on the carpometacarpus about 1 centimeter (cm) long (A). Expose the follicle and 
about 1 cm of calamus (B). Elevate the follicle from its attachments (C). Expose 5 to 10 millimeters 


(mm) of the calamus (D). 


Continued 
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FIGURE 65-6, cont’d Cut the calamus proximal to the skin with heavy scissors (E). Discard the 
piece of calamus with the follicle (F). Place one or two sutures in the skin (G). 


Electrosurgical Fulguration 


Electrosurgery refers to the use of electric current passing from a 
device through the patient and back to the generator. The effect may 
be to cut tissue, coagulate vessels, or destroy (fulgurate) the tissue. 
In one report, electrocoagulation was used to destroy feather follicles 
preventing them from regrovving.” The authors of the study reported 
successfully preventing feather growth and indicated that the degree 
of flight may actually be controlled by selectively destroying indi- 
vidual follicles. The technique to perform this procedure was, 
however, not described in the report. Electrosurgical units are avail- 
able in many institutions, and this procedure warrants further inves- 
tigation, since cryosurgery and laser units are often not available. 


Cryosurgery 

Cryosurgery typically involves the use of a cryogen, usually liquid 
nitrogen, to freeze tissue, which results in necrosis. Most commonly, 
more than one freeze-thaw cycle are performed to improve the 
chances of tissue killing. Cryosurgery units are commonly available 


to veterinarians, but it is difficult to control the amount of tissue 
frozen by the cryoprobe, and this risks the creation of an open 
wound as tissues slough. 

In one study, cryosurgery was evaluated as a method for feather 
follicle extirpation in pigeons.’ The unit was set at —80° C with a 
probe size 2 mm and each follicle was frozen for 5, 20, or 30 seconds 
hen allowed to thaw for 2 minutes. This freeze-thaw cycle was 
repeated three times. All of the follicles (n = 10) treated for 5 seconds 
were all producing new feathers 5 weeks after the procedure; 
however, none of the follicles (10th primary) treated for 20 seconds 
regrew feathers (n = 12). Seven of twelve follicles (6th primary) 
treated for 30 seconds regrew feathers at 5 weeks after the procedure. 
The authors theorized that the failure in the 5-second group was a 
result of the cryoprobe being too large to fit into the calamus to the 
evel of the follicle and that using a smaller probe in direct contact 
with the follicle would likely be more effective. Since cryosurgery 
units are relatively inexpensive, this technique warrants further 
investigation. 


Laser 


A diode laser may be used to extirpate the primary remiges in 
birds. ”” Rather than removing the follicle surgically, the heat from 
the laser light energy results in thermal necrosis of the feather follicle. 
Lasers may be used to fulgurate tissues where the intention is to 
cause heat necrosis. 

The wavelength of the light beam produced by the diode laser is 
absorbed by hemoglobin. It passes through other media such as 
water and air. It has the ability to fulgurate the vascular area of the 
feather follicle.” Following laser extirpation of the feather follicles, 
the necrotic tissue must heal by invasion of inflammatory cells fol- 
lowing the phases of wound healing. If the area of necrosis is small, 
the birds body may resorb the necrotic debris, but too much tissue 
damage results in an open wound. 

Pigeons were used as a model to develop a technique using a 
diode laser to ablate flight feather follicles.” In 6 pigeons, the 10 
primary remiges of both wings were treated with the diode laser (20 
watts [W] for 4 seconds or 10 W for 2 seconds). The one bird that 
received the high dose (20 W, 4 seconds) developed an area of skin 
necrosis at one of the laser-treated sites that healed completely in 3 
days; histologically, an area of osseous necrosis was observed. The 
other 5 birds received the lower dose of energy and had mild swelling 
24 hours after the treatment but it resolved by 48 hours. Two of 12 
feathers were regrowing after the treatment but the method was 
considered successful.” 
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More recently, one of this chapters authors (KB) used a diode 
aser to extirpate remige follicles with improved results. In this 
method, the relevant feathers are cut at skin level, and any dry mate- 
rial within the shaft is removed with forceps (Figure 65-7). The laser 
tip is inserted through the hollow calamus. A bare-fiber laser tip is 
inserted into the cut calamus and moved in small circles with the 
aser activated at a setting of 3.0 to 3.5 W for different periods. The 
aser is activated intermittently to allow cooling of the adjacent 
issues until the tip is felt to have penetrated the follicle. Depending 
on the species of bird and the stage of development of the feather, 
this may take between 20 and 200 seconds in total, including the 
off intervals, with laser treatment being delivered for a total of 5 to 
60 seconds. In young flamingos that have feathers that have recently 
matured, for example, the procedure is quicker, taking only 3 to 5 
seconds (3—17.5 joules [J]). In adult birds of large species with large 
feathers, it takes more time (up to 200 seconds, 700 J). Growing 
feathers should be left until they are mature. 

The calami of the fulgurated follicles are left and are shed as a 
result of tissue necrosis. Minor bleeding sometimes occurs during 
he procedure, and a cotton-tip applicator soaked in a topical 
hemostatic agent such as policresulen (Lotagen, Essex) may be 
inserted into the calamus. The swabs are left in the calamus and 
fall out within 24 hours. No topical medications or bandages 
are applied to the wing, and no topical or systemic antibiotic 
reatment is administered. The birds may be taken back to their 
group immediately after recovering from anesthesia” The first 


FIGURE 65-7 A, The calamus is cut, allowing the laser tip to be inserted into the calamus down to 
the follicle. B, The tip of the laser is inserted into the calamus onto the follicle and energy delivered 
to destroy the follicle tissue. C, If hemorrhage occurs, insert a cotton-tipped applicator with a hemo- 
static agent into the calamus down onto the destroyed follicle. 
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postoperative days meloxicam (Metacam@, Boehringer Ingelheim) 
is given orally. 

This deflighting technique has been used for 3 years in zoo 
birds with good success. Of 318 follicles ablated with the diode 
laser using this technique, 18 feathers have regrown, resulting in a 
94% success rate. The improved success may be attributed to the 
lower power setting (3.0-3.5 W) used. It is a quick procedure with 
a short anesthesia time, bleeding and tissue damage are minimal, no 
bandaging is needed, and early reintroduction into the group is 
possible. 


CONCLUSION 


The decision to use a deflighting technique in a bird must be made 
carefully, and the goal should be the well-being of the individual. 
The deprivation of the ability to fly may provide birds with oppor- 
tunities not possible in aviaries.'’ The behavioral effects of deflight- 
ing have not been scientifically studied. Many methods are described 
in the literature. Veterinarians should choose the procedure most 
appropriate for the species of bird, the facility, and the equipment 
available. 
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The uses of cross-sectional modalities such as computed tomography 
(CT) and magnetic resonance imaging (MRI) have become more 
widespread, representing a considerable advancement in the vet- 
erinary standard care. CT and MRI have superior diagnostic capabili- 
ties than conventional radiography or ultrasonography because 
of their increased contrast resolution and their tomographic nature. 
To understand the role of these modalities in the imaging workup, 
it is essential to first appreciate how these features help overcome 
the several limitations of conventional radiography or ultrasonogra- 
phy because of its two-dimensional nature and by poor contrast 
resolution. 


COMPUTED TOMOGRAPHY 
Equipment and Procedure 


CT scanners consist of a scanning gantry, x-ray generator, computer 
system, and operators console. The gantry houses the x-ray tube, 
which produces x-ray photons, and a set of detectors, which collects 
the information produced after the x-rays interact with the structure 
under examination. The x-ray tube and the detectors rotate around 
the patient, generating a series of x-ray projections. A number 
of these projections are progressively taken from slightly different 
angles as the tube rotates around the patient. The information 
collected from these projections is used to generate CT images. 
The images created are cross-sectional, representing slices of the 
anatomy at a particular level. The possibility of acquiring cross- 
sectional images represents a major advantage over conventional 
radiology. Conventional radiology produces a two-dimensional 
image from a three-dimensional object, which results in superimpo- 
sition, which may create confusing opacities that do not represent 
a structure within the patient. As opposed to radiography, CT 
examines the tissue in thin sections, or slices, thereby eliminating 
superimposition.” 


Physics 

Anatomic structures in a CT image are displayed by varying shades 
of gray. The shades of gray depend on the interaction between the 
x-rays and the patient. The x-rays may either pass through the 
patient, be redirected (scatter), or be attenuated. The degree of 
attenuation depends on the x-ray energy and the characteristics of 
the structure under examination, including its electron density, phys- 
ical density, thickness, and effective atomic number.” After interact- 
ing with the patient, x-ray photons strike the detectors. A computer 
processes the information recorded by these detectors to generate a 
CT image. By convention, if an object absorbs only a small fraction 
of the x-ray beam, it will be represented as a black area on the image. 
If an object absorbs the entire x-ray beam, it will be represented as 
a white area on the image. Between these extremes, objects with 
intermediate absorption will be represented by various shades of 
gray.” The amount of the x-ray beam that is absorbed or scattered 
as it passes through the object is expressed by the linear attenuation 
coefficient. Because of a higher atomic number and density, the linear 


attenuation coefficient will be higher for bone than it would be for 
muscle. In other words, bone allows fewer photons to reach the 
detectors, resulting in an image with a lighter shade of gray, than 
that representing muscle. These differences in linear attenuation 
coefficients between tissues determine the image contrast in CT and 
conventional radiography. Although the basic principles of CT are 
similar to those of radiography in that x-rays are used to create an 
attenuation map of the patient, CT has superior contrast resolution. 
This may be explained by two mechanisms: (1) optimization of the 
differences in x-ray attenuation between tissues using computer pro- 
cessing and (2) virtual elimination of scatter radiation This 
improvement in contrast resolution allows CT to better discriminate 
between normal or pathologic processes, which is otherwise not 
possible by conventional radiography. 


Image Acquisition and Image Formation 


CT image acquisition is dependent on the information acquired by 
the detectors as they rotate around the patient, creating an attenua- 
tion profile of the object from many different angles. For these data 
to be presented as a diagnostically useful image, the data have to be 
reconstructed. In loose terms, this process consists of the projection 
of the attenuation profiles onto a matrix. This process of converting 
the data from the attenuation profile to a matrix is known as back 
projection." 

A CT image is composed of a matrix of thousands of small two- 
dimensional squares called picture elements or pixels. Each of these 
pixels displays information from a small volume element from the 
patient, also referred to as a voxel. The sum of the linear attenuation 
coefficients along the path of an x-ray beam through multiple voxels 
is used to calculate the individual contributions from each voxel.” 
The attenuation value of each pixel is then standardized using a scale 
by which these values may be expressed relative to the attenuation 
of water. Attenuation values are expressed in Hounsfield units (HU). 
This scale arbitrarily assigned the number 0 to water, the number 
1000 to bone, and the number —1000 to air.” Pixels are assigned 
relative shades of gray based on the HU of the tissues within their 
voxels. Even though 2000 different shades of gray may be assigned 
to each of the HU values, the monitor use to show CT images may 
only display 256 shades of gray. An even more limiting factor is that 
the human eye can only recognize fewer than 40 shades of gray. To 
solve this problem, only a certain number of HU values are assigned 
to a level of gray. The number of these units represented on a specific 
image is determined by the window width. In other words, the 
window width will determine the quantity of HU to be displayed on 
an image. By increasing the window width, more HU values will be 
assigned a shade of gray. The window level determines the center 
HU value of the window width. For example, if a window level of 
50 is used and the window width is 200, the range of HU values 
that would be displayed would include —50 to 150 HU. Any struc- 
ture with a HU of —50 or below would appear totally black, and any 
structure with a HU of 150 or above would appear totally white. A 
wide window width is used when studying structures with a wide 
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spectrum of HU, for example, the lung. A narrow window width is 
used when studying structures with a narrower spectrum of HU, for 
example, the white and gray matter of the brain or the ventricular 
system." 


Reconstruction 


Other important parameters are the reconstruction filters, which 
determine the level of edge reinforcement applied while processing 
raw data. These parameters must be set carefully according to the 
region of interest. For example, a low-pass filter, commonly known 
as “standard or soft tissue filter” is recommended when soft 
tissue contrast must be emphasized, as in brain imaging, which, 
however, has the disadvantage of creating blurry images. “Bone 
filters,” conversely, maximize spatial resolution but introduce more 
noise, thus reducing contrast resolution. Such images are sharper 
but grainier.” 


MAGNETIC RESONANCE IMAGING 


Since the beginning of the new millennium, MRI has become an 
important diagnostic tool in veterinary medicine. Its excellent con- 
trast resolution allows detailed characterization of soft tissues. MRI 
is currently the imaging modality of choice for the evaluation of 
disease processes involving the nervous system and the musculo- 
skeletal system.” 


Equipment and Procedure 


MRI systems may vary in size and shape. Scanners use electromag- 
nets and radio signals to produce cross-sectional images and are 
composed of a magnet, radiofrequency (RF) generators, gradient 
coils, and a transceiver. The main coil surrounds the bore (which 
holds the patient) with a uniform strong magnetic field. Different 
gradient coils create varying magnetic fields, for example, from top 
to bottom across the scanning tube (y-coil), from the entrance to the 
exit of the scanning tube (z-coil), and from left to right across the 
scanning tube (x-coil). The transceiver sends RF signals to protons 
and receives signals from them. All of these components interact with 
a computer, which precisely synchronizes the transfer of energy to 
the hydrogen protons and processes the response from these protons. 
This information is then processed and converted into a diagnosti- 
cally useful image. 

During the scanning procedure, which takes approximately 30 to 
90 minutes, the patient is placed into the tube in the center of the 
scanner, which, as noted above, is known as the bore, and is about 
1 meter (m) in diameter and varies between 1.5 m and 2.5 m in 
length. Any movement of the patient would alter image quality, so 
most animals are anesthetized for the procedure. 


Physics 
The clinical applications of MRI rely on the electromagnetic 
properties of the hydrogen nucleus. Hydrogen protons spin about 
heir own axis and are oriented in a random fashion within the 
body. Because of their positive charge, these moving protons 
possess their own magnetic fields and therefore may be thought 
of as small bar magnets. When the patient is placed within the 
bore of an MRI scanner, the magnetic field of the hydrogen protons 
are forced to align with the uniform magnetic field of the scanner 
magnet. Some protons align parallel to the main field and others 
align opposite to it, canceling each other out. A few more protons 
align with the field rather than in the opposing direction. This 
number is proportional to the external magnetic field strength. 
In addition to spinning about their own axis, protons wobble like 
toy tops. The rate of wobbling is termed precession. By applying 
an RF pulse at the precession frequency, energy may be transferred 
to the spinning protons. This is the “resonance” part of the 
MRI. The protons excited by this pulse jump into a higher energy 
state. When the RF is turned off, the spins begin to return to 
their lower energy state by two distinct, but simultaneous, processes. 
At this time, the three gradient coils are turned on and off rapidly, 


altering the main magnetic field on a local level; The rising electrical 
current in the wires of the gradient coils opposing the main magnetic 
field makes a continual rapid hammering noise; the louder this noise 
is, the stronger is the main field. When the hydrogen protons slowly 
return to their natural alignment within the magnetic field, they 
release the energy absorbed from the RF pulses, and this signal is 
picked up by the transceiver and sent to the computer system and 
is converted to a picture.” 


Image Acquisition and Image Formation 


The release of energy from spins to their molecular environment is 
called T1 relaxation, and the release of energy by the interaction of 
spins with each other is called T2 relaxation.’ The rate at which T1 
and T2 relaxations occur varies, depending on the tissues under 
examination. The energy released by these processes is captured by 
he receiver coil and represents the signal with which computers 
reate a diagnostically useful image. The response of different tissues 
o this energy stimulus may be manipulated to accentuate the signal 
hey emit by using instrument controls. The MRI system uses inject- 
able contrast agents to alter the local magnetic field in the tissue 
being examined. Normal and abnormal tissues respond differently, 
hus giving different signals. Contrast in MRI therefore relies on 
multiple parameters, including differences in proton density, the 
response of protons to magnetic and RF fields, and the adjustment 
of technical parameters. An MRI may display more than 250 shades 
of gray to depict various tissues.*! 


Q 


Image Manipulation 


The standard clinical imaging sequences commonly include 
T2-weighted, short tau inversion recovery (STIR), fluid attenuated 
inversion recovery (FLAIR), T1-vveighted, and postcontrast T1- 
weighted images.” In T2-vveighted images, both fat and fluid are 
displayed as high signal intensity. Bright fluid is a desirable feature, 
as most disease processes have an increased fluid content. Unfortu- 
nately, this increased fluid content is not specific for any particular 
disease process. Lesions such as tumors, granulomas, abscesses, or 
edema all display a high signal in T2-weighted MRI scans. In 
T1-vveighted images, fat is hyperintense, and fluid is hypointense. 
T1-vveighted sequences are generally used after the administration 
of contrast agents. A precontrast T1-vveighted sequence is mandatory 
if a postcontrast T1-weighted sequence needs to be performed. In 
some cases, breaks in tissue structure such as the blood-brain 
barrier allow the contrast agent to leak into the tissue and change 
the relaxation of the tissue, leading to increased signal intensity. 
STIR is a fluid sensitive sequence similar to the T2-weighted 
sequence with suppression of the fat signal. Because of this suppres- 
sion, STIR sequences display fluid associated with lesions as bright 
images on a dark background. FLAIR sequences are similar to STIR 
sequences except that they suppress the signal from the cerebral 
spinal fluid (CSF). Therefore, hyperintense lesions located around 
the ventricular system are easily detected as they contrast with the 
black CSF?! 


SAFETY 


According to its frequency (measured in hertz [Hz]) and its ability 
to ionize an atom or molecule in biologic tissues, electromagnetic 
(EM) radiation is classified in two categories: ionizing and non- 
ionizing.” The term ionizing radiation refers to x-rays and y- 
rays, which have the ability to produce ionization of the biologic 
tissues and cell damage. Nonionizing radiation in the electromag- 
netic spectrum refers to static electromagnetic fields, RE and 
optical vvaves.”” 

Although it is well established that ionizing radiation (x-ray, CT) 
poses risks to animal and human health, mainly because of its ability 
to ionize tissues, available data on the possible effects of nonionizing 
radiation on patient and worker safety have not been elucidated.” 
Accidents and noxious effects at the present time are mostly the 
result of failure to follow safety guidelines. 
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CT technology uses computer-processed x-rays, similar to con- 
ventional radiography. Both techniques have the disadvantage that 
the x-rays are energetic enough to ionize the deoxyribonucleic acid 
(DNA) or the surrounding molecules and thus may damage the DNA 
directly or indirectly. Direct damage occurs when x-rays create ions 
that physically break one or both of the sugar phosphate or break 
the base pairs of the DNA.*’ Indirect damage is caused by the cre- 
ation of radicals in surrounding tissue, which interact with nearby 
DNA and cause strand breaks or base damage.’ Most radiation- 
induced damage is rapidly repaired by various systems within the 
cell, but DNA double-strand breaks are less easily repaired, and 
occasional inappropriate repair may lead to induction of point muta- 
tions, chromosomal translocations, and gene fusions, all of which 
are linked to the induction of cancer.’ The risk increases with radia- 
tion dose, longevity of life expectancy, growing stage, and the 
exposed tissue. 

The average yearly medical x-ray dose has been increased con- 
siderably in human medicine since CT technology has become more 
available, and a similar increase is already observed in veterinary 
medicine or may occur in the near future. Organ doses from CT 
scanning are larger than those for corresponding conventional radi- 
ography. For example, a conventional anterior-posterior abdominal 
radiographic examination results in an approximately 50 times 
smaller x-ray dose to the stomach than the corresponding CT scan.’ 
For better risk estimation, various quantitative measures have been 
developed to describe the radiation dose delivered by CT scanning. 
The most relevant being absorbed dose, organ dose, effective dose, 
and CT dose index (CTDI).’ The absorbed dose is the energy absorbed 
per unit of mass (Gray [Gy]). The organ dose is the distribution of 
the dose in the organ and largely determines the level of risk to that 
organ from the radiation.’ For risk estimation, the organ dose is the 
preferred quantity. The effective dose (Sievert [Sv]) is used for dose 
distributions that are not homogeneous; it is designed to be propor- 
ional to a generic estimate of the overall harm to the patient caused 
by radiation exposure. The effective dose allows for a rough com- 
parison between different CT scenarios but provides only an approxi- 
mate estimate of the true risk. The CTDI is the historical measurement 
(milli-Gray [mGy]) that was used to measure the radiation for a 
single slice in standard cylindrical acrylic phantoms.” The CTDI was 
used for quality control but is not directly related to the organ dose 
or risk.’ 

A CT evaluation requires a clear indication and should be planned 
carefully. The expected information gain should outweigh the risks 
of potential side effects. The risk depends on various factors such as 
he growing stage of the patient, the affected organs, and the radia- 
ion dose. Compared with adults, growing animals are at greater risk 
from a given dose of radiation because they are inherently more 
radiosensitive and have more remaining years of life during which a 
radiation-induced cancer could develop. Most of the other factors 
are under the control of the radiologist, and ideally, they should be 
ailored to the type of study being performed and to the particular 
patient (species, age, size). Radiation doses to particular organs for 
any given CT study depend on a number of factors. The most impor- 
tant are the number of scans, the scanning time (milliamperes 
mAs]), the size of the patient, the axial scan range, the scan pitch 
(the degree of overlap between adjacent CT slices), the tube voltage 
in the kilovolt peaks (kVp), and the specific design of the scanner 
being used.” It is always the case that the quality (relative noise) of 
the CT images decreases as the radiation dose decreases, which 
means that a tradeoff always exists between the need for low-noise 
images and the desirability of using low doses of radiation.” Reduc- 
ing the energy dose is important in long-living animals, especially to 
protect sensible organs such as the thyroid gland, the retina, the lens, 
or the gonads from the side effects of the x-rays. Repeating a study 
because of poor quality images results in higher amounts of x-ray 
exposure compared with an adequate energy setup that produces 
high-quality images. 

No largescale epidemiologic studies of the long-term risks associ- 
ated with CT in veterinary medicine have been reported so far, so 


extrapolation from human medicine and conventional radiology has 
become necessary. Since evidence of an increased risk of cancer from 
exposure to x-ray has been reported, it is also necessary to use CT 
technology responsibly and consider all necessary measurements to 
reduce exposure of animals and employees to x-rays during CT (Box 
66-1). 

MRI is considered a safe technology without major side effects. 
evertheless, the MRI technology may have some adverse biologic 
effects, and concerns about it are related to the effects of magnetic 
fields on patients, equipment, and personnel.°'*'*!’ Most MRI- 
related injuries and the few fatalities in human medicine were the 
result of failure to follow safety guidelines or the result of use of 
inappropriate or outdated information related to the safety aspects 
of equipment and biomedical implants. Therefore, it is necessary to 
continuously revise and enforce the information on biologic effects 
and safety according to changes that have occurred in MRI 
technology. 

In the proximity of an MRI scanner three electromagnetic fields 
exist: (1) the static magnetic field, (2) the gradient magnetic field, 
and (3) the RF field. The most important health hazards arise from 
he presence of the strong static magnetic field and also from 
failure to follow basic safety guidelines. We must be aware that the 
static magnetic field is always present, even when the MRI equip- 
ment is shut down. It may attract ferromagnetic metal objects, 
which may become powerful projectiles and may cause serious 
injury or even death.” The strength of attraction is inversely pro- 
portional to the square of the distance. Therefore, all equipment 
must be tested to ensure that it is safe to use in the MRI room, 
and all personnel and patients must be screened for ferromagnetic 
objects before entering. For example, in the current time, many 
animals are implanted with microchips for identification. Although 
microchips may contain metal pieces and a sensitive microtrans- 
ponder, they seem to be safe and remain fully functional after 
routine MRI scans.”””” 

Most studies of potential hazards associated with short-term 
exposure to a strong static magnetic field did not report adverse 
effects to human health” and did not produce any substantial 
harmful biologic effect.” Nevertheless, one phenomenon that has 
been observed is the magneto-hydrodynamic effect, which is the result 
of the blood flow in the heart in a strong magnetic field and leads 
to an induced current in the heart.*' The effect may be observed as 
an elevation of the S-T segment on the patients electrocardiogram, 
and the degree of change is directly related to the strength of the 
magnetic field. Although the effect is not associated with any serious 
effects and is totally reversible by removing the patient from the 
magnet, it is imperative that any patient with compromised cardio- 
vascular function be closely monitored with an MRİ-compatible 
pulse oximeter, blood pressure monitor, or both because an elevated 
S-T segment may be indicative of myocardial infarction, ischemia, 
or electrolyte imbalance. 

In addition, the strong magnetic field may rotate ferromagnetic 
implants to align them along the magnet’ field line. Depending on 
the strength of the magnetic field, type and location of the implant, 
physical dimensions and orientation of the implant, and the length 
of time the implant has been in place, the twisting force may be 
strong enough to rotate the implant and cause serious injury to the 
patient. 

The gradient magnetic field, which varies at different times, 
induces an electric current that could stimulate nerves and muscles 
and is known as peripheral nerve stimulation (PNS). PNS may cause 
muscle contractions or discomfort to the subjects, depending on 
whether the stimulated nerve is a sensory nerve or a motor nerve, 
and result in the subject moving in the scanner. Several in vivo 
studies have been performed to obtain gradient-induced stimulation 
thresholds in animals and in humans.” The mean thresholds for 
PNS in the head and body are similar, and the greatest frequency of 
reported PNS occurs in these areas." If the stimulation occurs in 
cardiac muscle, it could, in theory, disrupt the normal cardiac cycle 
and lead to arrhythmia or even cause ventricular fibrillation.” In 
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BOX 66-1 Safety Considerations for Computed Tomography and Magnetic Resonance 


Computed Tomography (CT) 

* Reduced exposure to personnel: 

e Room isolation 

e Limited access 

e Personnel not present during study 

e Marked safety zones 

Reduced exposure to animals: 

Clear indication 

Consideration of age 

Protection of sensitive or growing tissue 
Avoidance of repeated studies 
Reduction in scanning time 

Limited scanning field 

Limited scan pitch 

ssessment of renal function before using contrast medium 


* 


° 
° 
° 
e 
° 
° 
° 
eA 


Magnetic Resonance Imaging (MRI) 


* 


* 


Reduced exposure to personnel: 
e Room isolation 
e Limited access 
ə Personnel not present during study 
e Marked safety zones 
Labeling of all equipment and use only in safety zones accordingly: 
e “MR safe” 
e “MR conditional” 
e “MR unsafe” 
General health check, questionnaire, pre-MRI examination: 
e Eye injuries (e.g., metal objects) 
e Past surgeries—biomedical implants (e.g., clips) 
e Pacemaker (employees) 
Before entering, checking for ferromagnetic metal objects: 
e Testing all equipment with hand magnet (53000 Gray) 
e Empty pockets—special MRI working suit 
Monitoring of: 
ə Body temperature 
ə Cardiovascular function 
o Electrocardiography (elevation S-T segment) 
o Pulse oximeter 
o Blood pressure 


@ Application of ear plugs (personnel and animals) 


e Acoustic noise up to 140 decibels (dB) 


addition, direct stimulation of the retina, the optic nerve, or both 
may produce what is known as magnetophosphenes. Magnetic phos- 
phenes may cause a flashing sensation in the eyes that could affect 
the work of the medical personnel executing delicate interventional 
MRI procedures.” 

The RF field may also heat the metallic implants in the subjects 
body.” Fortunately, most animals have a very efficient thermoregula- 
tion system and may adequately respond to temperature increase by 
increasing capillary flow. But health problems (e.g., cardiovascular 
disease, hypertension, diabetes, fever, and obesity), old age, or medi- 
cations (e.g., anesthetics, diuretics, muscle relaxants, and sedatives) 
may impair the normal cooling mechanisms. Conducting materials 
close to the patient, for example, the leads of equipment for monitor- 
ing physiologic parameters (heart rate, blood pressure, oxygen satu- 
ration, and temperature), may lead to local burns. This kind of risk 
may be more serious in the case of internal biomedical implants 
(aneurism clips, stents, etc.).'°°° 

In conclusion, although CT and MRI technologies are considered 
safe, precautionary measures must be taken (see Box 67-1). CT has 
long-term side effects that induce carcinogenesis, and MRI proce- 
dures tend to have immediate side effects seen during the 
procedure. 


INDICATION 


Each cross-sectional modality, either CT or MRI, has its own advan- 
tages and disadvantages, and the appropriateness choice of either 
application is based on a strong and clear objective (Table 66-1). In 
zoologic medicine, many additional factors such us equipment avail- 
ability, growing stage of the patient, or the required information need 
to be included into considerations. 

CT is usually cheaper, faster, and less noisy than MRI. The CT 
procedure is relatively easier to perform, and only minor sources of 
errors need to be considered. Nevertheless, limitations are imposed 
by the size and weight of an animal. The diameter of the gantry is 
always the limiting measurement for the size of the animal that 
needs to be examined, and the length of the tube is considerably 


shorter in CT than in MRI. This allows examining larger animals 
with CT than with MRI, but limitations do exist. Because most 
scanners are designed for human or domestic animal medicine, 
attention must be paid to the weight limits of automated examina- 
tion tables and floor loading capacity. Size and species-specific 
anatomy might pose additional challenges in positioning the subject 
for the scanning procedure. CT may be universally used and dis- 
plays most organs, lymph nodes, vessels, and bones in a reliable 
manner. Nevertheless, its use requires a clear indication and metic- 
ulous planning because of the risks of radiation and the potential 
adverse effects of the contrast medium. MRI is more complex, with 
various sequences, different settings, and specific contrast media 
required for specific examination protocols for specific medical 
indications. Thus, the strength of MRI is its ability to provide 
answers for specific questions. But the various settings increase the 
risk of potential mistakes. 

Generally, CT is indicated when ferromagnetic implants are 
present or when metallic foreign bodies are suspected.’’ The strong 
electromagnetic field in MRI would interact with these objects and 
pose an unnecessary risk to these animals. CT has superior contrast 
resolution when an increased difference in physical tissue density is 
expected. The different tissue attenuations lead to high contrast 
details and thus excellent pictures are obtained in a generalized 
examination of the ear, in patients with multiple trauma, or in 
animals in which osteolysis, metabolic bone disease, joint luxations 
or complex, multifragmented fractures are suspected.””” Three- 
dimensional reconstruction and excellent image quality lead to better 
localization of pathologic alterations and thus to better treatment 
preparation and outcome. Moreover, with increasing experience and 
availability, CT technology will be more and more indicated in spe- 
cialized examinations in many zoologic species. For example, on the 
basis of experiences from human nasal surgery, diagnostic imaging 
technology was adapted to advance the treatment choices for orang- 
utans (Pongo pygmaeus, Pongo abelii) affected by chronic upper respi- 
ratory tract disease.’ In addition, in the past, diagnoses of dental 
diseases in rodents and other commonly affected species required 
several specialized radiographs and, thus, a considerable amount of 
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TABLE 66-1 


Magnetic Resonance Imaging 
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Computed Tomography 


General Pregnancy Ferromagnetic implants 
Young animals Ferromagnetic foreign bodies 
Kidney insufficiency 
Head Neurologic diseases, when small lesions are Initial diagnostic tool for neurologic diseases if trauma 
suspected or in chronic processes and acute bleeding are suspected 
Brain Skull fractures 
Cranium Sinus 
Tumors Ear 
Epilepsy Dental disease 


Salivary gland (except stones) 


Occult fractures 

Bone tumors 

Muscle, cartilage, tendon injury 
Joint disease 


Musculoskeletal system 


Complex, multifragment fractures 
Polytrauma 
Osteolysis 


Thorax Cardiovascular diseases Intrapulmonary lesions 
Abdomen Soft tissue tumor staging Metastasis tumor screening 
Small intestine Colonoscopy 
Pancreas Adrenal gland 
Gonads Kidney stones 
Vessels Arteriosclerosis 


time, but with CTs advanced diagnostic modalities and excellent 
display of alterations, the decision process for an appropriate prog- 
nosis has been made easier today.””” CT is also the diagnostic modal- 
ity of choice for acute neurologic diseases associated with a history 
of trauma and the risk of acute bleeding in the proximity of the brain. 
Standard CT scanning allows for immediately differentiating between 
intracranial infarction and hemorrhage and thus optimizes emer- 
gency care. The numerous anatomic variations in zoologic species 
often make the interpretation of pulmonary lesions difficult with 
common diagnostic tools. Considerable improvement in diagnostics 
with CT has been achieved in reptiles, avian species, and dol- 
phins. /””” Also, in relatively newer veterinary specializations such 
as oncology, CT is the modality of choice. Surgical tumor resection 
planning and screening for tumor metastasis take advantage of the 
technology with contrast medium.” CT is increasingly used also as 
a sensitive diagnostic tool to diagnose abdominal diseases. Screening 
for gastrointestinal tumors, search for urolithiasis, or the evaluation 
of suspected arteriosclerosis are all important indications for the use 
of CT technology. 

MRI shows good contrast between the different soft tissues of the 
body; it clearly exceeds CT in image resolution, which makes MRI 
especially useful in imaging the brain, muscles, the heart, and 
cancers. Generally, MRI use is preferred in pregnant animals or 
during growth in long-living species because of reduced exposure to 
ionizing radiation. Thus, MRI has been recommended in addition to 
ultrasonography to monitor pregnancy and is already used in zoo- 
logic medicine, for example, to monitor fetal development in the 
veiled chameleon (Chamaeleo calyptratus) or in chickens.'*’’ Con- 
trast media used in CT have also been shown to impair kidney 
function. Thus, in animals with moderate or severe renal dysfunc- 
tion, alternative imaging techniques such as MRI, which may yield 
the same information without the risks, should be considered.” Pre- 
cautionary measures, including renal blood biochemistry analysis 
and fluid therapy, are necessary. MRI produces excellent soft tissue 
contrast, which may be improved even more with contrast medium. 
Therefore, MRI is used for screening for chronic neurologic disease 
processes such as tumors or hypovitaminosis A and for research 
in neurosciences, for example, study of the neurobiology of 


birdsongs.'”” Difficulties might arise in relatively new, emerging 
neurologic diseases in zoologic species. For example, although leu- 
koencephalopathy may be diagnosed with MRI in domestic cats, ” 
the disease process in cheetahs (Acinonyx jubatus) might be suspected 
clinically before MRI shows unequivocal lesions,” but MRI may help 
ultimately differentiate this disease from other neurologic diseases 
such as myelopathy.”” MRI also has application in the diagnosis of 
musculoskeletal problems. Lameness of unknown origin caused by 
occult fractures or joint problems may be visualized, which helps 
determine treatment options. t 

It is, nevertheless, advisable to consider the use of both cross- 
sectional modalities, for example, in case of neurologic diseases, to 
differentiate between bony and soft tissue lesions. For example, 
vertebral fractures are best displayed by CT, whereas spinal cord 
injuries are better visualized with MRI. 


CONCLUSION 


The new technology in cross-sectional modalities has already proven 
its usefulness in zoologic medicine. Most institutions have estab- 
lished relationships with local diagnostic imaging facilities, and 
others have made substantial investments for on-site equipment. The 
complementary use of CT, MRI, and other diagnostic modalities 
helps particularly in the diagnosis of difficult cases. Species, diag- 
nostic equipment availability, and required information will deter- 
mine the choice of the appropriate diagnostic modality for individual 
cases. 
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Historically, gout has been thought of as inflammatory arthritis that 
has developed in response to the deposition of urate crystals in the 
tissue (crystalline arthropathy). Differences have developed in the 
way the disease is reported in the veterinary and human medical 
literature, which bears further consideration in the future treatment 
and care of cases of gout in exotic species. In reptiles, generally, the 
same small cluster of cases forms the basis of suggested treatments 
in standard texts. From the position of a pathologist, the condition 
seems more common than these texts suggest—that cases frequently 
develop insidiously and that medical treatment is rarely successful. 

Urate is derived from the breakdown of purine bases (guanine 
and adenine), which may originate from nucleic acids of both exog- 
enous and endogenous sources. Dietary nucleic acids (exogenous 
source) are broken down by pancreatic nucleases into nucleotides, 
which, in turn, are hydrolyzed to release pyrimidine and purine 
bases. Mucosal enzymes remove the phosphates and sugars.’ The 
degree of purine breakdown varies with species (Figure 67-1 and 
Box 67-1). Hypoxanthine produced by adenine breakdown may be 
excreted or converted to xanthine by xanthine oxidase, whereas all 
guanine breakdown results in xanthine generation, leading to uric 
acid production (see Figure 67-1). In humans, nonhuman primates, 
birds, some terrestrial reptiles, amphibians, and insects, uric acid is 
formed on purine breakdown. Urate salts and uric acid are relatively 
insoluble. With the enzyme uricase or urate oxidase, other mammals 
and reptiles break down urates further to allantoin, which is soluble. ° 
Guanine is excreted directly by pigs and spiders. Aquatic turtles 
excrete urea or ammonia. In fish, allantoin is further degraded into 
allantoic acid and urea. Aquatic invertebrates break down purines to 
ammonia. Excretion of both ammonia and urea result in the con- 
comitant loss of water, so it is the form of excretion generally seen 
in semi-aquatic and aquatic species. 

Amino acids are also assembled into purine and pyrimidine in 
the liver for the synthesis of nucleic acids (endogenous nucleic acid 
production). (Endogenous nucleic acid production is reduced in 
starvation.) When adenosine triphosphate (ATP) is used to generate 
energy, adenosine compounds are released.’ The adenosine is 
degraded via adenine to uric acid. Net degradation of ATP occurs in 
acute severe disease events such as infarction or severe tissue hypoxia, 
seizures, and tumor lysis syndrome (and, in humans, adult respira- 
tory distress syndrome).* Fructose phosphorylation in the liver 
requires abundant ATP; thus, diets high in fructose increase the risk 
of gout development and cause phosphate depletion.” Fructose is the 
only carbohydrate that has a direct effect on urate metabolism.”” 
Oxidative phosphorylation is impaired in insulin-resistant individu- 
als, so systemic adenosine levels rise with increased levels of intracel- 
lular coenzyme A esters and retention of sodium, urate, and water 
in the kidney.* 

Two thirds of urate excretion from the body occurs through the 
kidneys and the remaining third from the gut.” Circulating uric acid 
(monosodium urate) is filtered out of blood in the renal glomerulus, 
but nearly all the urate is resorbed in the proximal convoluted 
tubule, only to be actively secreted back into urine. The importance 
of the proximal convoluted tubule as a site of drug action becomes 
clear through these processes. Postsecretory reabsorption of urate is 
sodium dependent and stimulated by antiuricosuric drugs. (Insulin 
increases urate reabsorption by stimulating a urate anion exchanger; 
i.e., it drives circulating uric acid levels up, and the glycosuria seen 
in diabetes is uricosuric and may reduce the risk of gout.)” Urate 


excretion is altered with renal disease, hypertension, and starvation. 
(Estrogen has an uricosuric effect and results in higher rates of gout 
in men than premenopausal women.) ° 

Damage to the renal tissue generally results in increased urate 
retention, and decreased perfusion leads to decreased urate clear- 
ance, for example, with dehydration or renal disease.” Nephrotoxic 
drugs (aminoglycosides, sulfonamides) decrease urate excretion by 
damaging the renal tissue. The relative decrease in the glomerular 
filtration rate (GFR) that occurs in hypertension results in decreased 
urate excretion and increased risk of gout.’ Diuretics, alcohol intake, 
and acute diarrhea reduce hydration and so decrease urate excre- 
tion. ” Liver failure decreases the effectiveness of the filtering of blood 
and results in increased circulating urate levels. In humans, cases of 
gout are seen in association with diabetes, insulin resistance syn- 
drome, cardiovascular disease, hypertension, nephropathy, and dis- 
eases with increased cell turnover (i.e., neoplasia and tissue 
breakdown), including tumor lysis disease, which is seen in primary 
leukemias, and lymphoma, and other malignancies.”” An increase in 
the incidence of gout in humans has been suspected in recent 
decades and is thought to have coincided with the rise in obesity 
and insulin resistance syndrome, dietary changes, and an aging 
population.*"’ 


ETIOLOGY 


Primary gout occurs with overproduction of uric acid as an innate 
metabolic problem, which is generally caused by a defect in the renal 
urate transporters. Primary gout is the most common form seen in 
humans and usually has a familial inheritance (e.g., superactivity 
of the enzyme 5'-phosphoribosyl 1-pyrophosphate synthetase, 
deficiencies of hypoxanthine-guanine phosphoribosyl transferase, 
adenine phosphoribosyltransferase or xanthine dehydrogenase).'* 
An elevated predisposition to gout in the presence of other risk 
factors such as increased dietary purine is noted in certain groups 
(e.g., the Maori of New Zealand).' Genetic factors resulting in hyper- 
uricemia have not been identified in most urate-excreting species, 
although certain strains of poultry have been identified to have a 
simple autosomal recessive gene that causes a defect in the renal 
tubular secretion of urate.'* 

During evolution, gene mutations in primates resulted in variable 
activity of the uricase enzyme, depending on species.’ The retention 
of these gene mutations suggests that the loss of uricase confers some 
advantage.’ Urate may act as a bloodborne antioxidant, removing 
singlet oxygen and free radicals.'*” Protection against oxidative 
damage may be especially important in the nervous system? the 
metabolic rate of the brain is relatively high, and the higher levels 
of fatty acids and lipid in the tissue suggest a greater need for defense 
against lipid peroxidation.. Hyperuricemia appears to be protective 
against some neurodegenerative diseases: Alzheimer disease, Parkin- 
son disease, and amyotrophic lateral sclerosis.' Uric acid may be 
important in the maintenance of blood pressure when diets are very 
low in salt, acutely through stimulation of the renin—angiotensin 
system and chronically by producing sensitivity to salt by microvas- 
cular and interstitial renal disease.’ Conversely, in cases of persistent 
hyperuricemia, hypertension develops.’ 

Secondary gout develops with the loss of balance between uric 
acid production and excretion, resulting in net underexcretion and 
eventually hyperuricemia. Excess purine intake results when the 
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FIGURE 67-1 Purine degradation pathway. 


BOX 67-1 Guanine-Derived Purine Excretory 


Products Depending on Species 


Excretory Product Species Group 


Guanine Pigs, spiders 

Urate Primates, Dalmatian dogs, terrestrial 
reptiles, birds, some amphibians, 
insects 

Allantoin Most mammals, aquatic reptiles, 
mollusks 

Allantoic acid Some fish 


Urea Most fish, amphibians, aquatic turtles 
Ammonia Aquatic turtles and aquatic invertebrates 


expected proportion oÍ purine in the diet fed exceeds the amount in 
the natural diet for a particular species; the most common situation 
that arises is that of herbivorous reptiles fed a meat-rich diet. In 
general meat, fish, or shellfish diets have higher levels of purine 
compared with vegetable-based diets.’ Availability of water and 
hydration of the individual further affect purine levels (use of diuret- 
ics increases propensity to develop hyperuricemia).” The diet pro- 
vided may have a different percentage of dry matter from that in food 
naturally available to the species. The bioavailability of purines may 
vary in the diet of a captive animal relative to the form of its presen- 
tation in nature. Exhibit humidity and temperatures may affect uric 
acid levels. 


CLINICAL SIGNS AND DIAGNOSIS 


In humans, gout is seen in acute and chronic forms, which are gener- 
ally preceded by a period of asymptomatic hyperuricemia.” The 
acute form is intermittent and painful, with hyperuricemia, for 
periods lasting 7 to 10 days.'’ During the intercritical period between 
attacks, no clinical signs are noted. Hyperuricemia is defined in 
humans as a serum urate level of greater than or equal to 6.8 mil- 
ligrams per deciliter (mg/dL). Uric acid levels reflect values at the 
time of sampling and may not reflect the circulating levels at the time 
when crystals were deposited. Increased serum urate levels are 
directly related to the risk of future acute attacks once the diagnosis 
has been made. 

The chronic form of gout is characterized by deposition of crys- 
tals as tophi, and this is the form of disease clinically diagnosed in 
birds and reptiles. ” The acute form is identified to occur naturally 
in humans but has been induced experimentally by injecting urate 
crystals into the joints of other species.” 

Since primary gout is the most common form seen in humans, a 
family history may lead to testing and diagnosis prior to the develop- 
ment of clinical signs. In chronically affected humans, application of 
pressure to gouty joints is painful; over time, joint deformity devel- 
ops, and reduced movement results. In other species, physical exam- 
ination of joints that exhibit swelling and visible deposition of white 
substance and a history with respect to predisposing factors may lead 
to a diagnosis of chronic gout. 

Monosodium urate stones are radiolucent, but addition of a 
calcium component to the crystals causes radio-opacity, for example, 
with the addition of calcium oxalate and calcium phosphate. Tophi 
and renal enlargement may be diagnosed with radiography, ultraso- 
nography, or renal biopsy (snakes may have visible swelling of the 
caudal coelom). In humans, synovial content is examined by electron 
microscopy or crystallography to confirm gout, and the crystal diam- 
eter is characteristic. Biopsy and cytology may be used to confirm a 
diagnosis of gout in veterinary cases;'° cytologically, under polarized 
light, the crystals have a cross-hatched pattern.® Retrospectively, 
nonspecific symptoms such as anorexia and lethargy may have been 
noted in cases prior to the development of the joint lesions. 


PATHOPHYSIOLOGY 


Hyperuricemia occurs with decreased urate or uric acid excretion, 
as seen with the use of diuretics, renal vasoconstriction, hyperinsu- 
linemia, decreased GFR, and damage to the nephron. Decreased 
perfusion of the nephron occurs with dehydration and damage to 
the nephron or reduction in nephron number. Tubular damage may 
be obstructive or toxic.'* Obstructive or retrograde tubular damage 
is seen with ureteral blockage, for example, by ligation, calculus 
deposition, or squamous epithelial hyperplasia (as may occur with 
hypovitaminosis A).'* Increased uric acid production occurs with 
tissue ischemia, oxidative stress, and alcohol (ethanol) intake. 
Recently, it has been found that monosodium urate crystals are 
released from dying cells, acting as a danger signal and leading, in 
turn, to the release of cytokines (interleukin-lbeta [IL-1B]), which 
activate autoinflammatory pathways. ' 

Urate crystals stimulate both humoral and cell-mediated immuni- 
ties; they interact with lipid and protein at membranes and cause 
histamine to be released from mast cells. In acute gout, crystals 
are coated in protein (opsonization) and cleared by macrophages 
releasing inflammatory mediators (including IL-1B).*'’ The comple- 
ment system is also activated. Synovial lining cells and resident 
inflammatory cells are stimulated. Neutrophils adhere to the endo- 
thelial cells through IL-1 and tumor necrosis factor-alpha (TNF-a). 
With time, tophi cause cartilage lysis, metalloproteinases are 
secreted, and chondrocytes are activated.” In humans with gout, 
urate calculi may develop in the renal medulla, which may cause 
obstruction and pain. 

Solubility of urate in synovial fluid is influenced by temperature, 
pH, cation concentration, articular hydration, and the presence of 


nucleating agents. When urine pH is reduced, a tendency for urate 
crystal deposition exists. Nucleating agents, including insoluble col- 
lagens, chondroitin sulfate, and nonaggregated proteoglycans, may 
form a nidus for crystal deposition and growth.’ (In humans, lesions 
tend to develop first at the extremities, especially the big toes, which 
is thought to be associated with a mild reduction in temperatures at 
the periphery.) 


PATHOLOGIC FINDINGS 


Acute gout in humans is characterized as a neutrophilic synovitis.’ 
Tophi are seen in chronic disease, and these are urate crystals, pos- 
sibly bundled with a lipid or necrotic core surrounded by inflamma- 
tory cells, phagocytes, multinucleate giant cells, and fibroblasts. Over 
time, tophi may cause chondrolysis, metalloproteinase secretion, and 
bone erosion.* Renal changes are seen in 40% of humans with gout, 
and these changes include advanced arteriolosclerosis, glomerulo- 
sclerosis, interstitial fibrosis, and intratubular crystals.’ (The micro- 
vascular changes may contribute to the development of hypertension. )’ 
In uricotelic species, it is customary to refer to the condition as 
articular and visceral gout at postmortem examination, although it is 
probably more correct to refer to visceral gout as visceral urate deposi- 
tion, since generally no tissue reaction occurs with terminal rapid 
deposition of urate at serosal surfaces (e.g., liver, peritoneum, peri- 
cardium).'* Urate is leached out of tissue during formalin fixation, 
so a wispy radiating network is all that is seen histologically when 
the crystals have been lost. Optimally, gout tissue samples would be 
fixed in alcohol and visualized with the De Galantha staining method, 
but this is rarely necessary for diagnostic purposes. 


DIFFERENTIAL DIAGNOSIS 


Pseudogout develops when a crystal other than monosodium urate 
is deposited at joints. Periarticular calcium hydroxyapatite deposi- 
tion has been reported in red-bellied, short-necked turtles (Emydura 
albertisif).” (Hydroxyapatite crystals are harder to flush from a joint 
compared with urates.) Calcium pyrophosphate is the usual crystal 
in pseudogout in humans. Apatite crystals are significantly smaller, 
nanometers, relative to urate 2 to 20 micrometers ym. and pyrophos- 
phate crystals, which are rhombic and 2 to 10 um.” Urate crystals 
are leached out of formalized samples; conversely, the crystals of 
hydroxyapatite and pyrophosphate are retained in formalin, and the 
calcium component may be stained with Alizarin red or von Kossa 
stains.” Nodular bone deposits extend from the subperiosteum with 
fluorosis (in cattle and guinea pigs fluoride, >3000 parts per million 
[ppm], was revealed when bone was ashed).” Osteophytes may be 
deposited at the periosteum or endosteum in reptiles with calcium— 
phosphorus imbalances in nutritional fibrous osteodystrophy. Meta- 
static calcification of soft tissue may occur with hypervitaminosis 
D.”” Joint swelling with septic arthritis may be identified with cyto- 
logic Gram stain preparations and culture of joint aspirates..” 


TREATMENT 


Circulating uricemia may be reduced in humans simply by a change 
o a purine-free diet, in particular, with decreased intake of animal- 
derived protein, and with supportive therapy.” Optimizing hydration 
improves urate excretion. Selection of a diet with lower purine bio- 
availability and a lower proportion of adenine to guanine will reduce 
he buildup of uric acid. Humans with hyperuricemia who show no 
clinical signs generally receive no drug treatments because of the 
adverse effects of these medications in spite of the risk of develop- 
ment of hypertension, vascular remodeling, and cardiovascular 
disease." 

Three main forms of drug treatment are used,*'’ with dosages 
extrapolated from those used in humans: 
1. Xanthine oxidase inhibitors (allopurinol, febuxostat): Xanthine 

oxidase inhibitors decrease uric acid formation but appear to be 

relatively ineffective in reptiles and birds. 
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2. Uricase or urate oxidase: Uricase oxidizes uric acid to allantoin 
(soluble) and is used in the treatment of gout in humans. Some 
of the available uricase treatments require intravenous administra- 
tion, which is a limiting factor. Little information is available in 
the veterinary literature on the use of uricase. (Poultry on a high- 
protein diet developed hyperuricemia, which was reversed with 
uricase injection.)'* 

3. Uricosuric drugs (probenicid, sulfinpyrazone): Uricosuric drugs 
promote urate excretion by the kidneys, thus lowering serum uric 
acid. Probenicid promotes urate excretion in the kidney and 
inhibits tubular reabsorption; however, its use is contraindicated 
in humans when urate calculi are present in the tubules, since it 
leads to further stone formation.” (Nephrolithiasis should be 
suspected in patients with gout with sudden onset flank pain.) 
Promotion of urate excretion is also contraindicated in those being 
treated with chemotherapy or radiation therapy for cancer. 
Tubular urate crystals are frequently seen histologically in birds 
and reptiles, which suggests that uricosuric drugs may not be the 
most appropriate form of treatment. 
Supportive care in the form of palliative management of the acute 

attacks and pain should be considered, for example, with colchicine 
(decreases inflammatory response within 24 hours)” or corticoste- 
roids (intraarticular injections are given to humans with only one 
joint affected by gout).'’ IL-1B antagonists are being studied for 
treatment in humans. ” Colchicine blocks IL-1B maturation, reduc- 
ing inflammation and the development of gout or pseudogout. 
Resting the joint and application of ice are recommended to relieve 
swelling in humans with gout. ° 
Surgical removal and flushing of crystals from joints are per- 
formed, although some residual changes are frequently seen in the 
joints,’ and the underlying hyperuricemia has not been addressed. 
Many of the treatments used in humans have not been evaluated in 
other species with regard to severity of disease and the safety and 
efficiency of the treatments. As urate is excreted by insects, these 
species (e.g., silkworms) may be used as animal models for treatment 
trials..” Severe gout has a poor prognosis in animals, so humane 
euthanasia may be considered when management with analgesia, 
diet, and environment has failed. 


PREVENTIVE MEDICINE 


Drugs such as diuretics, cyclosporine, tacrolimus, B-blockers, and 
low-dose salicylate, which increase the tendency for the development 
of uricemia, should be avoided. Nephrotoxic plants, household 
items, and drugs such as aminoglycosides and sulfonamides should 
be avoided, since all of these result in further reduction of uric acid 
secretion in the tubules. Purine in the diet should be minimized.’ 
Increased consumption of meat or seafood increases the risk of 
development of gout, whereas increase in dairy proteins is protective, 
as the milk proteins casein and lactalbumin decrease serum uric 
acid by increasing the amount excreted in the urine (uricosuric 
effect).’ Increased purine-rich vegetable protein in the diet has not 
been shown to increase the risk of gout development.’ The bioavail- 
ability of purines varies, so they are more available from a ribonucleic 
acid (RNA) source compared with an equivalent deoxyribonucleic 
acid (DNA) source; purines are more available from ribonucleotides 
than from nucleic acids and from sources rich in adenine versus 
those rich in guanine.’ Scientifically prepared diets that are low in 
protein and calcium are commercially available for dogs and have 
been used in reptiles. Optimal ambient temperature is important 
for metabolism and the maintenance of body functions in reptiles. 
Adequate hydration is important to maintain renal secretion, thus 
fluid therapy in uricotelic species should not be neglected.’ The use 
of omega-3 fatty acids (lipid products of arachidonic acid metabo- 
lism) are used in the treatment of chronic arthritis; however, in cases 
with concomitant gout, care should be taken to ensure that the 
patient receives a plant-sourced eicosapentaenoic or docosahexanoic 
acid rather than the usual fish oil source, which may have higher 
purine levels.* 


FURTHER CONSIDERATION 


Exotic species with evidence of articular gout should be considered 
to have chronic disease. Renal disease with urate crystals deposited 
in renal tubules is often already present. Consequently, the use of 
uricosuric drugs, which further increase urate excretion, results in 
further crystal development. Currently, efforts are being made to 
identify cases earlier in the course of disease and to investigate the 
use of the appropriate drug types to establish more effective 
treatments. 
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HISTORY AND DEVELOPMENT OF 
THE EUROPEAN TRANSMISSIBLE 
DISEASES HANDBOOK 


At the 2000 European Association of Zoo and Wildlife Veterinarians 
(EAZVVV) Congress in Paris, the establishment of an Infectious Dis- 
eases Working Group (IDWG) within the EAZWV was proposed. In 
North America, the American Association of Zoo Veterinarians 
(AAZV) already had an Infectious Disease Committee since the early 
1990s. In Europe, this idea for a similar committee emerged when 
the problems of diagnosing and handling paratuberculosis were dis- 
cussed in a presentation. It was obvious that commonly agreed 
recommendations were urgently needed for improved control of the 
infectious diseases that threatened the European collections. Also, as 
Europe was becoming more unified, it was necessary to deal with 
European politics and legislation via international collaboration. The 
idea to produce a comprehensive document containing disease fact 
sheets, legislation, laboratories, identifiable diseases, and so on 
resulted in the IDWG, which led to the production of the first edition 


of The Transmissible Diseases Handbook in May 2002 under the 
EAZWV-IDWG umbrella’ (Figure 68-1). 

The foot-and-mouth disease (FMD) outbreak in Europe in 2001 
clearly underlined the importance of this initiative and made agree- 
ment on European standards a matter of even greater urgency. 
During this outbreak, the difficulties in controlling diseases in 
domesticated animals was realized; public opinion, politics, money, 
limited knowledge of the disease, and lack of agreement on legisla- 
tion all contributed to this situation. It became obvious that even 
more misunderstandings would arise when dealing with such dis- 
eases in lesser-studied animals, including nondomestic species. In 
2006, the highly pathogenic avian influenza spread across Europe 
and threatened zoo collections. Outbreaks of classic swine fever also 
occurred. Additionally, blue tongue disease created serious problems 
in transporting hoof stock and thus jeopardized organized programs 
for breeding endangered species.’ African swine fever, West Nile 
virus (WNV), African horse sickness, and monkeypox also threat- 
ened zoologic collections. The severe acute respiratory syndrome 
(SARS) epidemic (related to an animal coronavirus) confirmed these 
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DƏ EAZVVV Transmissible Disease Fact Sheet Sheet No. 
DISEASE NAME 


ANIMAL GROUP AFFECTED | TRANS- MISSION | CLINICAL SIGNS | FATAL DISEASE ? TREATMENT | PREVENTION & CONTROL 


| | | | In houses in zoos 


Fact sheet compiled by Last update 


Fact sheet reviewed by 


Susceptible animal groups 


Causative organism 


Zoonotic potential 


Distribution 


Transmission 


Incubation period 


Clinical symptoms 


Post mortem findings 


Diagnosis 


Material required for laboratory analysis 


EU Reference Laboratory 


OIE Reference Laboratories 


Relevant diagnostic laboratories 


Treatment 


Prevention and control in zoos 


Suggested disinfectant for housing facilities 


Notification 


Guarantees required under EU Legislation 


Guarantees required by EAZA Zoos 


Measures required under the Animal Disease Surveillance Plan 


Measures required for introducing animals from non-approved sources 


Measures to be taken in case of disease outbreak or positive laboratory findings 


Conditions for restoring disease-free status after an outbreak 


Contacts for further information 


References 


FIGURE 68-1 Template of a European Association of Zoo and Wildlife Veterinarians (EAZVVV) Trans- 
missible Disease Fact Sheet. Courtesy EAZWV (Courtesy EAZWV [European Association of Zoo and 
Wildlife Veterinariansl). 
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points and led to the recognition of the importance of The Transmis- 
sible Diseases Handbook. The second edition of the Handbook was 
published in 2004, the third edition in 2006, and the fourth edition 
in 2010; these updates were necessary because of the changes in 
threatening diseases, the changes in legislation, and the needs and 
demands for information expressed by its readers.”””” European 
laws (e.g., the Balai Directive’) are still under discussion and in 
development. Differing opinions (e.g., whether or not to vaccinate 
against FMD and avian influenza), various levels of veterinary facul- 
ties and laboratories, and thus differences in the rates of successfu 
diagnoses, pose further problems for European zoo veterinarians. 
Since The Transmissible Diseases Handbook is a living document 
and because of all these changes a fifth edition will be produced 
in 2014. 

The IDWG brings together experienced zoo veterinarians and 
specialists in infectious diseases from several European countries and 
from around the world. The idea of the Group is to combine knowl- 
edge to deal more effectively with future disease outbreaks that may 
threaten zoo collections. The effort to create a reference manua 
published under the umbrella of EAZWV was, and still is, an impor- 
tant step in the process of standardization for zoos in Europe, and 
it should provide a useful tool for zoo practitioners, zoo managers, 
and European legislative authorities dealing with wildlife and zoo 
animals. 


AAZV AND THE INFECTIOUS 
DISEASE COMMITTEE 


The American Association of Zoo Veterinarians (AAZV) Infectious 
Disease Committee (IDC) has been very active since its inception. 
This committee already has its own Infectious Disease Reviews Note- 
book published in the early 1990s. This Notebook contained loose 
leaf handouts, with descriptions of various diseases important for 
zoo veterinarians and fact sheets on the diagnostics of important 
diseases such as tuberculosis. After the second edition of the EAZWV- 
IDWG Transmissible Diseases Handbook was published in May 2004, 
Dr. Julie Napier, a member of the AAZV and the chair of the IDC at 
the time, proposed creating a handbook for infectious diseases affect- 
ing nondomestic species and wildlife in North America, using the 
European version as a template (see Figure 68-1). 

The difference between the European and American notebooks 
was that chapters on legislation, laboratories, web links, notifiable 
diseases, and so on were included in the European Transmissible 
Diseases Handbook, but not in the American equivalent. It was the 
intent of the IDC that the formatting of its manual would include 
more in-depth information, including etiologies, clinical signs, and 
treatment protocols for diseases relevant to the United States, 
Canada, and Mexico. Following discussions on providing a similar 
tool for North American veterinarians, it was agreed that the IDC 
could use the European disease fact sheet as a template, which pro- 
vided a standardized and unified format. Thanks to the hard work 
of many people under the leadership of Dr. Julie Napier and Dr. 
Kathryn Gamble, The first American edition was published in 2011, 
titled Infectious Disease Manual 2011, with the subtitle “Infectious 
Diseases of Concern to Captive and Free-Ranging Wildlife in North 
America” (Boxes 68-1 and 68-2). An update of the manual was 
released at the end of 2013. 


PURPOSE AND GOAL OF INFECTIOUS 
DISEASES NOTEBOOKS 


The manuals on transmissible diseases, created by the EAZVVV- 
IDWG and the AAZV-IDC, are not intended to provide extensive 
descriptions of all transmissible diseases that may occur in zoo col- 
lections but are meant as useful reference tools for zoo and wildlife 
veterinarians encountering such diseases. The handbooks help find 
answers to the question “What should I do” when an infectious 


BOX 68-1 Table of Contents of the AAZV 


Infectious Disease Manual, 2011. 


Introduction 

Notes from the Editors 

Authors (in alphabetical order) 

Reportable Diseases for the United States, Canada, and Mexico 
(in alphabetical order) 

Disease Fact Sheets (in alphabetical order) 

Reviewers Disease Fact Sheets (grouped by classification) 


AAZV, American Association of Zoo Veterinarians. 


BOX 68-2 Table of Contents of the EAZVVV 


Transmissible Diseases Handbook, 
Fourth Edition, 2010 


Introduction 

General Considerations 

European Union (data on EU Member States, EU Animal Health 
Strategy and Animal Health Advisory Committee, EU Animal 
Health Law, EAZA Position Statement on the Animal Health 
Strategy for the European Union, OIE) 

Links (EU Veterinary Faculties, Useful [veterinary] Web Links) 

Animal Health Legislation in Europe 

Recommendations for the application of Annex C to the Balai 
Directive 

Postmortem Procedures 

Guidelines for Cleaning and Disinfection in Zoological Gardens 

Bluetongue in Nondomestic Ruminants: Experiences Gained 
in EAZA Zoos during the 2007 & 2008 BTV8 and BTV1 
Epizootics 

Tuberculosis in Zoo Species: Diagnostic Update and Management 
Issues 

Vaccination of Nondomestic Avian Species Against Highly Patho- 
genic Avian Influenza (HPAI) Viruses 

Vaccination of Nondomestic Carnivores: A Review 

List of Laboratories 

Template Fact Sheet 

Fact Sheets (133) 


BTV, Blue tongue virus; EAZA, European Association of Zoos and Aquaria; 
EAZWV, European Association of Zoo and Wildlife Veterinarians; EU, 
European Union; O/E, Office of International Education. 


disease is suspected. Furthermore, it is critical to standardize surveil- 
lance programs for infectious diseases in zoos, especially with regard 
to inter-zoo exchanges. Both the European and American handbooks 
assist in overcoming the differences and attaining the required stan- 
dardization by legislation such as the Balai Directive (92/65/EC) in 
Europe.' 

Both manuals are designed to be overviews or reviews and are 
not scientific textbooks. For detailed information on all diseases, it 
is necessary to refer to textbooks. The handbooks summarize infor- 
mation related to various diseases: susceptible animals, zoonotic 
potential, clinical symptoms, pathology, diagnostic methods, quali- 
fied laboratories, treatment, prevention, experts who may be con- 
sulted, legislation, and relevant literature. The detailed table of 
contents and the standardized format of the fact sheets should help 
he reader find information quickly. Most of the fact sheets in both 
manuals were peer reviewed by two experts, which makes these 
notebooks accepted reference documents for zoo associations in the 
respective regions of the world. 
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Transmissible Diseases ; 
Handbook 2) 


Infectious Diseases Working Group 


— - 
Ce 


Eüf6pean Aşsooiatiğn a , 
Zoo ard Wildlife Vateanar aq My € 


.. 


4" Edition Feb 2010 


Editor: Jacques Kaandorp 
Co-editors: Norin Chai, Ayla Bayens 


Both handbooks are intended to be “living” books, as the infor- 
mation presented becomes outdated if revisions are not made regu- 
larly. A continuous updating process is therefore maintained to make 
them reliable and useful tools. 


PRINTED BOOK, CD-ROM, ONLINE MATERIAL 


For the third and fourth editions, the EAZWV-IDWG moved away 
from the printed format and chose to publish the material digitally 
on a CD-ROM (Figure 68-2) or as downloadable material at 
www.eazwv.org and www.eaza.net. This significantly reduced the 
costs of production and distribution. Another advantage was the 
ability to increase the contents, without concerns about number of 
pages (the second edition was already 662 pages long!). Thus, the 
third and fourth editions contain more information on legislation 
and other new topics, thus a lot more pages. A printed version would 
have become too big and cost-prohibitive in terms of production and 
distribution. It was also hoped that this format would allow easier 
global access, which turned out to be the case. The fourth edition, 
like the previous editions, was distributed to all EAZWV members, 
all EAZA zoos, Central Veterinary Officers of the 27 EU Member 
States, the OIE, and the SANCO in Brussels. Another advantage of 
the book on a CD-ROM is the facility to search and have quick access 
to chapters and fact sheets (see Figure 68-2). 

The first American Infectious Disease Manual and its 2013 update 
may be accessed, free of charge, at the web site of the AAZV 
(www.aazy.org). Also the Infectious Disease Committee from the 
AAZV had these documents peer-reviewed by topic experts. It needs 
to be stressed again that these documents are not intended to be 
used as exclusive information sources. As in the case of the European 
documents, they provide quick access to information on specialists, 
diagnostics, laboratories, and treatment recommendations for the 


FIGURE 68-2 Front page of the European Association of Zoo and Wild- 
life Veterinarians, Infectious Diseases Working Group (EAZWV-IDWG) 
Transmissible Diseases Handbook, CD-ROM, fourth edition, 2010. From 
EAZVVV (From EAZWV [European Association of Zoo and Wildlife 
Veterinarians)-IDVVG Transmissible Diseases Handbook CD-ROM, fourth 
edition, 2010. 


clinician, pathologist, or wildlife biologist who is facing an infectious 
disease situation and needs information and guidance. 

Summarized state regulations for infectious disease concerns are 
provided, and reminders for reportable situations are also included. 
During the preparation of the documents, state veterinary authorities 
were encouraged to be reviewers for their geographic area. Addition- 
ally, as in Europe, CDs are provided to the state health authorities 
and to the United States Department of Agriculture (USDA) Area 
Veterinarians in Charge (AVICs); it is hoped that this shared informa- 
tion gives a common point of communication among American zoo 
and wildlife veterinarians battling these infectious diseases on the 
frontlines. It is important to keep in mind that the fact sheets are not 
to replace state or federal regulations. As such, they are not legally 
enforceable documents or required standards of care. 
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Iron overload (IO), also called iron storage disease (ISD) or iron over- 
load disorder, was considered rare in veterinary species until the 
1970s and 1980s, after which it became increasingly recognized in 
many taxa of birds and mammals.” The current understanding of 
molecular mechanisms of iron metabolism and of diseases associated 
with excessive iron accumulation has greatly expanded as a result of 
research in humans, mice, birds, and bats. 2528320061 An interna- 
tional workshop highlighted the concern about the impact of ISD 
on captive management of black rhinoceroses and resulted in the 
publication of a special issue of Journal of Zoo and Wildlife 
Medicine.” 

In this chapter, the term hemosiderosis refers to an accumulation 
(overload) of stainable iron without morphologic or biochemical 
evidence of toxicity, and the term “hemochromatosis” indicates a 
serious state of iron overload, in which organ damage occurs. In 
contrast, in human medicine, “hemochromatosis” often refers spe- 
cifically to primary hereditary iron storage disease. The term “iron 
overload (IO)” connotes too much iron, whereas ISD connotes 
disease associated with IO. Hemosiderosis may progress to hemo- 
chromatosis. However, very high concentrations of iron may occur 
without evidence of molecular, cellular, or structural damage if 
sequestration of toxic, labile free iron by ferritin and hemosiderin is 
adequate to prevent cell death.'>” 

Iron overload may be primary (implying a constitutional, genetic 
propensity to accumulate iron, generally as a result of inability to 
control intestinal absorption, as in human hereditary hemochroma- 
tosis) or secondary to a variety of causes, including excessive enteral 
or parenteral (e.g., transfusions) intake, diseases of the erythron, liver 
disease (including intoxications and infections), systemic inflamma- 
tory processes (with iron sequestration as an antibacterial defense), 
stress, chronic renal disease, and malnutrition. /”. 

The majority of iron in the body is present in hemoglobin in the 
red blood cells (RBCs) and is recycled from senescent erythrocytes 
by macrophages in the spleen, bone marrow, and liver.'’* Most of 
the remainder is stored in the cytosol of cells as ferritin, from which 
it may be readily accessed, or as hemosiderin, which is a less active, 
aggregated form. Hemosiderin appears as golden brown granules in 
hematoxylin and eosin (H&E)-stained sections and is confirmed to 
be iron by blue precipitates formed by Prussian blue techniques (e.g., 
Perl). Ferritin is not visible with H&E staining but appears as a faint 
blue “wash” in Prussian blue stains.’ Hepatocytes are the major site 
of iron storage in overload states. The shift from ferritin to hemosid- 
erin in hepatocytes may be caused by increasing iron concentrations 
or by hepatocellular injury, atrophy, or autophagy; thus, increases in 
stainable granular iron may reflect a relative, rather than absolute, 
increase in intracellular iron concentration. 


REVIEW OF IRON ABSORPTION AND 
TRANSPORT AND LIVER HANDLING 
OF IRON 


Iron is essential for almost all life forms from prokaryotes to verte- 
brates, but it is also a toxin. Organisms have thus evolved complex 
regulatory mechanisms for ensuring enough iron to meet metabolic 
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needs while preventing excessive uptake. Since “off-loading” of 
body iron is limited, control is primarily at the level of intestinal 
uptake. 

Dietary iron is present in two main forms: heme and non-heme.”. 
Heme-iron is highly bioavailable; it is released by proteolytic diges- 
tion of myoglobin and hemoglobin in the small intestine and is the 
major source of iron in carnivores. Non-heme iron is complexed with 
organic acids or peptides and is the predominant form of dietary iron 
available to omnivorous, frugivorous, folivorous, granivorous, and 
other plant-eating species. In humans, non-heme iron in the oxi- 
dized state is reduced and then taken up by the cellular iron importer 
divalent metal transporter-1 (DMT-1).”””” Gastric acid enhances the 
solubility and absorption of non-heme iron complexes, and dietary 
vitamin C increases iron absorption by forming highly bioavailable, 
soluble iron complexes.' Iron bioavailability is decreased by iron 
chelating compounds in the diet. 

Within the enterocyte, depending on the metabolic demand, iron 
is either bound to the iron storage protein, ferritin, in the cytosol or 
is exported into plasma via ferroportin. Ferroportin, a transmem- 
brane protein and the most important iron exporter, is also expressed 
in macrophages, hepatocytes, and placental trophoblasts. ””” Iron 
not transferred to plasma is sloughed off with exfoliating enterocytes 
and eliminated through feces. Oxidized iron is taken up by plasma 
transferrin for distribution throughout the body, and a majority is 
carried to erythropoeitic cells. 

Hepcidin, the key iron regulatory hormone, expressed primarily 
in the liver, is induced when tissue and plasma iron levels are high.” 
Hepcidin induction results in the internalization and degradation of 
ferroportin, thus downregulating enteric iron absorption and iron 
mobilization from cellular stores and causing depletion of the plasma 
iron pool. Hepcidin production is also induced in inflammatory 
states and appears to be a key mediator in anemia of chronic disease. 
Hepcidin is strongly suppressed in states requiring accelerated 
erythropoiesis. 

The active hepcidin peptide appears to be highly conserved 
among vertebrate taxa with homologous sequences in over 51 dif- 
ferent highly diverse species, including fish, amphibians, reptiles, 
and mammals.*’ However, hepcidin has not been confirmed in birds 
(pigeons and chickens). 

In humans, in a majority of cases, hereditary hemochromatosis 
is associated with a deficiency in hepcidin because of mutations in 
the hepcidin (HAMP) gene itself or its regulators.””” Investigations 
of the role of hepcidin in the regulation of iron balance in susceptible 
exotic species have included genetic studies in rhinoceroses and red 
deer (Cervus elaphus) and experimental studies in bats.°”’”?* Since 
hepcidin may not be present in birds, other iron-regulatory mole- 
cules may be of primary importance. Those identified include DMT1 
in chickens and mynahs; ferroportin (Ireg1) in chickens and mynahs; 
intestinal cytochrome B reductase, serum and ovo-transferrins in 
chickens; and ferritin in several species.”“”“”“” 

In mammals, iron crosses the placenta via placental DMT-1, fer- 
roportin, and transferrins, mostly in the late stages of pregnancy. ” 
Unless born to an iron-deficient dam, infants are endowed with suf- 
ficient iron to carry them through early postnatal life to compensate 
for the relatively low concentration of iron in milk. This may account 
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for the common finding of hemosiderosis in the livers of neonates 
of several species of mammals.” Transfer of iron to the embryos 
of birds and presumably fish, amphibians, and reptiles occurs 
through the yolk. 


CONSEQUENCES OF IRON OVERLOAD 


Unbound iron is cytotoxic and causes peroxidation of membranes, 
cell death, and organ dysfunction.’ Cirrhotic liver failure (“pigmen- 
tary cirrhosis”), hepatocellular carcinoma, type 2 diabetes (“bronze 
diabetes”), male sexual dysfunction, arthropathies, and heart disease 
(cardiomyopathy and fatal dysrhythmias) are consequences of 
untreated ISD in humans.*?”?°! 

IO increases susceptibility to bacterial and fungal infections 
through direct effects on immune system function and by providing 
iron for microbial grovvth. ”””” This is highlighted by deaths caused 
by sepsis in human hemochromatosis, yersinosis in birds with 10, 
and, possibly, cases of atypical mycobacteriosis and aspergillosis in 
black rhinos.” 02 Increasing evidence suggests that elevated total 
body iron stores may be related to the development of metabolic 
syndrome and type 2 diabetes in humans and, possibly, in bottlenose 
dolphins and black rhinoceroses, perhaps through endogenous cor- 
ticosteroid production” 306675 


DIAGNOSIS 


Early diagnosis of ISD poses a challenge, as clinical signs are not 
specific and often not apparent until disease is advanced. Clinical 
signs are typically associated vvith liver failure and ascites, hepato- 
megaly, weight loss, icterus, anorexia, vomiting (in lemurs), “malaise” 
(in dolphins) and, in birds, cardiomegaly, dyspnea, coughing, or 
wheezing. >” Liver enzymes are often elevated, and hypoprotein- 
emia ensues as the disease progresses to liver failure. Signs in 
domestic cattle and red deer include poor hair coat, weight loss in 
the face of a good appetite, and poor bone quality leading to loss of 
incisors and fractures in young animals.”'”’ Radiography is useful in 
identifying hepatomegaly and cardiomegaly in birds with ISD.**° 
Liver biopsy, for histologic grading of iron accumulation and liver 
damage, and chemical analysis of iron concentration remain the 
gold standard for diagnosis of ISD in exotic species. 027! Because 
of the invasiveness of liver biopsy, serum “iron analytes” (iron, total 
iron binding capacity, % transferrin saturation, and ferritin) have 
been used in humans and mammalian species and have proven 


useful in the diagnosis, determination of prognosis, and treatment 
of ISD 5,14,29,39,53,61,62,70 


Serum ferritin (SF) is considered the best test for noninvasive 
measurement of body iron status in mammalian species.'??) In 
humans, SF level vary with age and gender (males greater than 
females) and increases in inflammatory processes and conditions 
such as hyperthyroidism, chronic hepatitis, alcohol-induced liver 
disease, and neoplasia, which limits its usefulness as a stand-alone 
test.’’°°! In humans, normal values are less than 200 microgram per 
liter (ug/L) in women and <300 pg/L in men, whereas SF >1000 
indicates IO and >5000 indicates ISD.” Variation in the molecular 
structure of ferritin requires species-specific radioimmunoassays, 
only available for humans, dogs, cats, cattle, horses (used for bats), 
pigs, rhinoceroses (used for tapirs), lemurs (used for callitrichids), 
dolphins, and fur seals (Kansas State Veterinary Diagnostic Labora- 
tory, Comparative Hematology, Manhattan, KS).*!?!°° 
Serum iron (SI) levels reflect the total amount of iron in blood, 
including transferrin-bound and non-transferrin-bound iron. In 
mammalian species and birds, diurnal and seasonal variations exist 
in SI.’ Variations occur among closely related taxa, necessitating 
evaluation of the usefulness of serum iron analyte testing on a 
species-by-species basis. ” Total iron binding capacity (TIBC) and the 
calculated percentage transferrin saturation (%TS) are also used as 
indicators of body iron stores, with %TS considered more reliable 
than SI, TIBC, or both. In humans and many mammalian species, 
transferrin is normally about 30% saturated. TS persistently over 


BOX 69-1 Conversion Factors for Comparison 


of Liver Iron Levels 


1 mole of iron (Fe) is 55.85 grams (g) of iron (e.g., 1 micromole 
per gram [umol/g] = 55.85 microgram per gram [ug/g]) 

3.3 g of fresh (wet) liver yields 1 g of liver when dried. 

Wet weight (ww) value x 3.3 equals the dry weight (dw) value 
(or dw value + 3.3 = ww value) 

ug/g or mg/kg = parts per million (ppm) 


45% strongly suggests hereditary hemochromatosis in humans.°! A 
panel consisting of SF SI, and %TS is recommended for assessment 
of body iron levels in mammals. 

In birds, SI analytes seem to be of little diagnostic value, although 
relative changes in SI and %TS may be used to monitor treat- 
ment.*’*° SF assays are not yet commercially available for avian 
species, and liver biopsy remains the only reliable antemortem diag- 
nostic test. 02/40 The use of magnetic resonance imaging (MRI) to 
assess hepatic and cardiac iron stores is an accepted modality in 
humans; however, limitations exist. >! In pigeons with experimen- 
ally induced IO and hornbills with spontaneous ISD, MRI signal 
intensity corresponded well with hepatic iron concentration.” 
Liver iron concentration (LIC) may be assessed histologically or 
analytically. Semi-quantitative assessment of Prussian blue-stained 
iver sections, using scoring schemes or morphometric techniques, 
approximates analytic quantification for comparisons of iron levels 
and assessing response to treatment.” °°? 0269 Analytic determina- 
tion of LIC may be performed on fresh, frozen or formalin fixed 
biopsies or from deparaffinized samples retrieved from tissue 
blocks. Small volumes of tissue are best measured using atomic 
absorption spectrophotometry (AAS) or inductively coupled plasma 
mass spectroscopy (ICP-MS). Iron concentration is expressed as 
millimoles per gram (mmol/g), micrograms per gram (ug/g), grams 
per kilogram (g/kg) or milligrams per gram (mg/g) (parts per million 
[ppm]) on either a wet weight (ww) or dry weight (dw) basis 
(Box 69-1). 

Normal reference ranges for LIC are lacking for most species in 
zoologic medicine. In humans, the normal is 400 to 2000 g/g dw 
in men and 100 to 1600 in women; mild to moderate IO is 3000 to 
10,000, and greater than 10,000 indicates potential toxicity. Fibrosis 
is always present at 22,000 ug/g.’ The interpretation of LIC in 
animals is complicated by seasonal variation associated with life 
history events, for example, reproduction and molting in birds and 
migration in reindeer. ”” 


IRON OVERLOAD SYNDROMES 
IN ZOOLOGIC SPECIES 


Amphibians and Reptiles 


Hepatocellular hemosiderosis, often with hepatic lipidosis, is not 
uncommon in amphibians and reptiles and is likely secondary 
to systemic inflammation or inanition, not caused by a primary 
susceptibility to ISD.” Liver iron reference values are generally 
lacking, but mean LIC in Chinese alligators (Alligator sinensus) was 
380 ppm dw.” 


Birds 


Both primary ISD and secondary ISD occur in avian species, with 
toucans, birds of paradise, mynahs, and starlings considered “sus- 
ceptible” or “iron sensitive” taxa (Box 69-2).:7709730 Liver iron con- 
centrations of 6683 to 23,078 g/g dw, found in clinically normal 
mynahs, are well above the 487 to 701 in adult chickens and within 
the range of IO and ISD in humans.’ A primary genetic basis for 
iron overload in mynahs (Gracula religiosa and Acridotheres tristis) is 
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BOX 69-2 Birds in Which Hepatic 


Hemosiderosis ls Common on 
Postmortem Examination 


Phoenicopteriformes: Flamingos” 
Anseriformes: Eider ducks (associated vvith reproduction and 
molt), mallards 
Columbiformes: Fruit doves and imperial pigeons 
Piciformes: 
Rhamphastidae: Toucans, toucanettes, aracari” 
Coriciiformes: 
Coraciidae: Rollers 
Buceriotidae: Hornbills (frugivorous species) * 
Cuculiformes: 
Muscophagidae: Turacos and go-avvay birds 
Passeriformes: 
Sturnidae”: Starlings and mynahs 
Paradisaeidae”: Birds of paradise 
Cotingadiae*: Contingas, Capuchin bird, umbrella bird 
Piperidae: Manakins 
Emberizidae: Tanagers and euphonias 
Ptylonorhynchindae: Bower birds* 
Corvidae: Magpies and crows 
Lanidae: Shrikes 
Psittaciformes: 
Loridae: Lorys and lorikeets 
Psittacidae: Red-spectacled Amazons 


*Hemochromatosis in addition to hemosiderosis. 


likely. Compared with collared doves (Streptopelia decaocto), mynahs 
have much higher uptake and retention of dietary iron and demon- 
strate high levels of expression of the intestinal iron transporters 
DMT-1 and intestinal Ireg] (ferroportin).*'* This supports a working 
hypothesis that natural diets for which “sensitive” species have 
evolved are low in bioavailable iron leading to selection for enhanced 
iron uptake and storage.” However, diets in captivity that provide 
too much available iron may exacerbate primary ISD, as shown in 
starlings. ° 

Reports of ISD in psittacines are interesting because this diverse 
order contains both generalist and specialized feeders. Species that 
have evolved to use low iron diets would be expected to be more 
“iron-sensitive” compared with other species. This seems to be the 
case for lorids, adapted to nectivorous and palynivorous (pollen) 
diets, and the red-spectacled Amazon (Amazona pretrei), adapted 
to a pine nut diet.” Liver iron concentration in affected lories 
was 3500 to 7600 ppm ww (about 11,550 to 25,000 ug/g dw), 
comparable with LIC in mynahs. A report of two diabetic macaws 
with ISD parallels the frequent occurrence of diabetes in human 
hemochromatosis.”””. 

m flamingos, moderate to marked hepatocellular and Kupffer cell 
hemosiderosis increases vvith age and is associated vvith hepatitis, 
cirrhosis, and hepatocellular carcinoma in older birds. Concurrent 
diseases that could drive ISD (e.g. pododermatitis, aspergillosis, and 
amyloidosis) are present in some, but not all, birds. This species 
vvarrants further investigation to determine vvhether an evolutionary 
predisposition exists or if ISD is secondary to management. 

Hemosiderosis in other orders of birds such as the anseriforms 
appears to be secondary to intoxications (e.g., lead), infections, 
captive diets, or seasonal life history events such as molt and repro- 
duction.””” Studies in Eider ducks have indicated that inanition 
increases LIC; however, in wild black-necked swans (Cygnus mela- 
nocoryphus), elevated SI in the face of starvation was considered to 
indicate mobilization and reduction of tissue iron storage.” In the 
latter study, serum iron, TIBC, and %TS were used as surrogates for 
body iron stores but may not accurately reflect LIC. 


BOX 69-3 Mammals in Which Hepatic 


Hemosiderosis ls Common on 
Postmortem Examination 


Marsupials: Neonatal macropods 
İnsectivora: House shrevv 
Macroscelidea: Elephant shrevvs 
Rodentia: Naked mole rats,” 
gerbils, prehensile-tail porcupine, kangaroo rat 
Lagomorpha: Afghan pika” 
Nonhuman primates: Lemurs, ” callitrichids, muriquis, zoo-housed 
western lowland gorillas 
Chiroptera: Egyptian fruit bat,* other fruit bat species 
Cetacea: California gray whales (migration/fasting), captive bottle- 
nose dolphins* 
Artiodactyla: 
Reindeer (seasonal), Red deer” (diet overload), Salers cattle * 
Bay duiker, dik-dik, 
Bongo (neonatal)* 
Neonatal hemosiderosis: Gazelles, caprines, cervids and 
ovines 
Perissodactyla: Black* and Sumatran rhinos, tapirs,* Persian 
onagers, horses, donkeys 
Afrotheria: African and Asian elephants (secondary, inflammation), 
Rock hyrax” 
Carnivora: 
Procyonids: Red panda, coati mundi” 
Pinnipeds: Harbor seals neonatal hemosiderosis, vveanling 
elephant seals (fasting) 
California sea lions and northern fur seals” (older, captive-housed) 
Felids: Cheetah, snovv leopards (veno-occlusive disease) 


“Hemochromatosis vvith liver damage in addition to hemosiderosis. 


Mammals 


Although hemosiderosis has been reported in many species of 
mammals, hemochromatosis, as evidenced by fibrotic liver disease, 
is less common (Box 69-3).!*°!°’ However, other serious adverse 
effects of IO (e.g., poor bone quality or susceptibility to infections) 
exist and may occur in taxa without the classic “pigmentary 
cirrhosis,” 7” 7515053 


Chiroptera 

Hemochromatosis is the leading cause of morbidity and mortality 
in captive Egyptian fruit bats (Rousettus aegyptiacus)..”””” Isolated 
cases of ISD in the straw-colored fruit bat (Eidelon helvum), long- 
haired rousette (Rousettus lanosus), Indian flying fox (Pteropus gigan- 
teus), and grey-headed flying fox (Pteropus poliocephalus) have been 
reported.! °” 

In Egyptian fruit bats, clinical signs characteristic of liver failure 
are generally not apparent until advanced stages of the disease and 
include icterus, weight loss and emaciation, weakness, dehydration, 
and ascites. Hepatomegaly may be detected by radiography or 
abdominal palpation. Elevated serum iron analytes and bilirubin are 
also reported." 

Gross postmortem findings in affected bats reflect the clinical 
findings. The liver is often nodular with rounded edges, a dark rusty 
coloration, a firm texture, and an irregular granular cut surface 
(Figure 69-1). Histologically, disruption of hepatic architecture 
occurs, with extensive periacinar and periportal fibrosis bordering 
foci of nodular regeneration and areas of hepatocellular necrosis 
(Figure 69-2). Hepatocytes and Kupffer cells contain coarse iron 
granules, most prominently bordering areas of fibrosis. 

In a retrospective study of captive Egyptian fruit bats, bats 
with hemochromatosis were significantly more likely to develop 


hepatocellular carcinoma compared with bats with hemosiderosis.” 
Although cardiomyopathy was seen in some bats, this was not sig- 
nificantly correlated with increased cardiac or hepatic iron levels. 

The high prevalence of hemochromatosis in one population of 
Egyptian fruit bats was historically attributed to high levels of dietary 
iron (400 mg/kg on a dry matter [DM] basis) and vitamin C.” 
Although diet is likely a major factor contributing to ISD, recent 
research has shown that Egyptian fruit bats may have a limited ability 
to upregulate expression of hepcidin, which may predispose to iron 
overload in states of dietary iron excess.” This is in contrast to 
vampire bats (Desmodus rotundus), which have an impressive hepci- 
din upregulation.”* 


Perissodactyls 
Iron storage disease has been well defined in the highly endangered 
black (Diceros bicornis) and Sumatran (Dicerorhinus sumatrensis) 


FIGURE 69-1 Liver from an Egyptian fruit bat with hemochromato- 
sis. The liver is dark and enlarged and has rounded edges and an 
irregular surface. 
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FIGURE 69-2 A, Hematoxylin and eosin (H&E 
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rhinoceroses.”” 1701955 Although stainable iron is present in hepato- 
cytes, more remarkable accumulations are in phagocytic cells of 
he liver, spleen, bone marrow, lung, and many other tissues, sug- 
gesting a problem in iron mobilization. In the black rhinoceros, 
iron levels increase with age and time in captivity; holding wild 
rhinoceroses in bomas for as little as 2 weeks prior to translocation 
may lead to systemic hemosiderosis and elevation of serum ferritin 
evels. This rapid development of hemosiderosis might be a result 
of stress, in addition to diet, since corticosteroids may upregulate 
intestinal ferroportin.”” Elevated LIC of 2960 +/— 661 mg/kg ww 
(~10,000 ppm dw) has been reported in zoo-housed black rhinoc- 
eroses, compared with 474 +/— 142 mg/kg ww in recently translo- 
cated wild rhinoceroses. 

The mechanism underlying development of ISD in rhinoceroses 
is not clear. Hereditary predisposition has been suggested on the 
basis of the presence of an S88T polymorphism in the hemochro- 
matosis gene (HFE) of the black rhinoceros. However, this polymor- 
phism is also present in the Indian rhinoceros (Rhinoceros unicornis), 
which only occasionally exhibits ISD.°* It has been suggested that 
ISD in black rhinoceroses is secondary to “chronic iron intoxication” 
rather than to a primary hereditary sensitivity.” The fact that the 
most affected species (black and Sumatran) are browsers highlights 
the complexity of developing appropriate diets for captive foli- 
vores.” 01215 Whether it is primary or secondary, IO in black rhi- 
noceroses is a serious problem, and the species suffers from several 
other devastating diseases, some of which (e.g., susceptibility to 
opportunistic infections and neonatal leukoencephalomalacia) are 
possibly associated with 1O.” 

Baird, Brazilian, and Malayan tapirs (Tapirus bairdii, T. terrestris, 
and T. indicus) are also affected by ISD in captivity, as shown by 
necropsy data.”” Hematologic evidence for IO is also present, as SI, 
%TS, and SF levels were all markedly elevated in captive Baird, 
Malayan, and mountain (T. pinchaque) tapirs compared with free- 
ranging Baird tapirs in indigenous habitats.” 

Equids (domestic horses, donkeys, and Persian onagers) are 
reported to develop hepatic hemosiderosis and occasionally hemo- 
chromatosis because of dietary iron overload.” 77 


Artiodactyls 
Clinical signs of IO in artiodactyls are not restricted to those of 
liver failure and include loss of weight in spite of good appetite, poor 


ə 


vvith hemochromatosis. Extensive periportal fibrosis, hepatocellular loss, and accumulation of large 
amounts of coarse hemosiderin granules vvithin hepatocytes and Kupffer cells in the periportal region 
are seen. B, Perl Prussian blue stain shovving large amounts of iron vvithin hepatocytes and Kupffer 


cells. 
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hair coat, and osteopenia with incisor loss and fractures in young 
animals.” Hepatic hemosiderosis is a seasonal occurrence in reindeer 
(Rangifer tarandus) and is related to winter foraging on mosses 
high in iron but low in nutritional value. The IO was not caused by 
starvation alone; reindeer foraging on poor diets low in iron had 
lower LIC.’ 

Deaths associated with ISD were reported in six related 2-year-old 
captive red deer bucks.”” Marked hepatocellular hemosiderosis, 
hepatocellular necrosis, and fibrosis, as well as hemosiderosis in 
renal epithelium and myocardium, were found at necropsy, although 
liver iron concentrations of 1108 to 2275 mg/kg ww (approximately 
3656-7508 ppm dw; reference range 100-200), were below levels 
generally considered hepatotoxic. No differences were found in the 
HFE gene of affected versus control deer, and dietary IO was likely, 
as the deer were drinking water from a rusty iron tub. 

Hepatocellular hemosiderosis is fairly common in neonatal zoo- 
housed hoof stock and has been seen in gazelles, caprines, ovines, 
and cervids; it is considered physiologic rather than pathologic.” 
However, death in the first weeks of life associated with neonatal 
hemochromatosis was described in captive bongos (Boocercus eury- 
ceros) from one collection. 


Carnivores 

Carnivores would be expected to efficiently control iron absorption, 
as most of their dietary iron is easily absorbed heme-iron. Nonethe- 
less, hepatic hemosiderosis has been reported in several felids 
(cheetah, Acinonyx jubatus; and snow leopard, Uncia uncia), procyo- 
nids (red panda, Ailurus fulgens; and coati mundis, Nasua spp.), and 
pinnipeds (see below). Although classified as carnivores, coatis 
are, in fact, omnivores, and dietary IO in captivity likely caused the 
hemosiderosis or hemochromatosis seen at necropsy in 77% of coatis 
in a retrospective study,'! 


Marine Mammals 
Hemosiderosis is common in neonatal pinnipeds dying in rehabilita- 
tion and on the rookeries, especially Pacific harbor seals (Phoca vitu- 
lina richardsii), in which it may represent a normal physiologic 
finding.” Northern elephant seal (Miruonga agustirostris) weanlings 
have abundant hemosiderin in hepatocytes, Kupffer cells, and 
splenic macrophages, likely associated with their normal post- 
weaning catabolic state. In yearling California sea lions (Zalophus 
californianus [CSL]), hepatic IO is commonly seen with malnutrition 
and parasitism. Hepatic IO is rare in adult stranded CSL and is 
associated with sepsis and parasitism. The marked hepatic hemosid- 
erosis noted in California gray whales (Eschrichtius robustus) strand- 
ing during migration might be caused by seasonal fasting and 
changes in diet similar to the situation in reindeer. 
In captive marine mammals, marked hepatocellular hemosidero- 
sis and hemochromatosis have been reported in northern fur seals 
(Callorhincus ursinus [NFS]) and CSL, especially in older females. 
NFS females had significantly higher SF levels compared with 
males (500 nanograms per milliliter [ng/mL] versus 54 ng/mL) and 
higher TS (63% for females versus 41% for males), compatible 
with ISD.” 
TO was also reported in a managed population of bottlenose 
dolphins (Tursiops truncatus)” High SI (5300 pg/dL), high TS 
(8396—8596) and elevated liver enzymes were used to classify this as 
hemochromatosis. Liver biopsies confirmed abundant hepatocellular 
hemosiderin. Hepatic lipidosis, dyslipidemia, and glucose tolerance 
patterns in this population suggested concurrent metabolic syn- 
drome and ISD. 


Nonhuman Primates 

Hepatocellular hemosiderosis is commonly seen in lemurs, New 
World monkeys, colobines, and apes. ””” Old World cheek-pouch 
monkeys (cercopithecines) seem to be more resistant. Huge variation 


in LIC was noted in zoo-housed primates, with a high of 16,000 ug/g 
ww (52,800 dw) in a common marmoset (Callithrix jacchus) and 
a low of 28.4 g/g ww in a moor macaque (M. maura).*’ Marked 
variation was also noted in SI and %TS in banked serum from a 
variety of primate species from European zoos, %TS suggestive 
of ISD (54596) was found in lemurs, common marmosets, and 
colobus.”” 

Hemosiderosis and hemochromatosis have been documented in 
lemurs on the basis of necropsy findings, LIC, and serum ana- 
İytes, 2555670712 m initial reports, the prevalence of ISD was 69% 
to 10096 in zoo-housed lemurs, and ISD was considered a serious 
medical issue, especially in ruffed lemurs (Varieca sp.) and less so in 
ring-tailed lemurs (RTL, Lemur catta).”” Severity of ISD increased 
with age, and liver necrosis and neoplasia were seen. IO was attrib- 
uted to diet, specifically too much vitamin C and an overall paucity 
of dietary tannins. In more recent reports, hemosiderosis is consid- 
ered an incidental finding, with a prevalence of only 32% in a large 
collection of 12 species of prosimians.”” Mean LIC ranged from 209 
to 2957 ppm ww, with the lowest in RTL and the highest in fat-tailed 
dwarf lemurs (Chirogaleus medius). Examination of an iron analyte 
panel (SI, TIBC, SE %TS) in nine species of prosimians showed great 
interspecies and intraspecies variations.” No correlation existed 
between dietary levels of iron, fiber, or vitamin C and iron analyte 
values. Serum analytes were compared with liver biopsy LIC in three 
species of lemurs: RTL; red-ruffed lemur (RRL, Varecia rubra) and 
black lemur (BL, Eulemur macaco) from a zoo and a research collec- 
tion, and ferritin was the only analyte that paralleled LIC in al 
three.) Mean LIC (ppm ww) was 1300 in RT, 3123 in BL, and 4845 
in RRL, and SF ranges (ng/dL) were 11 to 242, 59 to 333, and 11 
to 195, respectively, in the three species. 

Liver neoplasia in prosimians is common and has been attributed 
to both ISD and a lemur-specific hepadnavirus. However, a review 
of hepatocellular neoplasms in prosimians found no evidence of 
a viral etiology. As well, LIC was not significantly different in 
animals with or without tumors, in contrast to the findings in 
Egyptian fruit bats. 

Hepatocellular hemosiderosis has been considered a common 
incidental necropsy finding in New World monkeys; however, asso- 
ciated liver disease was demonstrated in several species of callitrich- 
ids.”” Hepaticiron ranged from 40 to 5596 ppmww(132-18,466 pp 
dw). There was positive correlation between LIC, SF (range 
36-17,697 ng/dL) and histologic grade of iron accumulation. Serum 
iron, TIBC, and %TS did not correlate with amount of liver iron. 
Feeding trials in marmosets showed that a 3.5- to 5-fold increase in 
dietary iron caused a 10-fold median increase in liver iron; deaths 
were associated with the high iron diet (500 ppm).** 

Although not as common in cebids, IO was recently described in 
captive-housed, endangered muriquis (Brachyteles sp.).” A hepatic 
hemosiderosis index (HHI) was determined by histomorphometry. 
No correlation existed between HHI and age, gender, or time in 
captivity. A third of the animals died of sepsis, but whether infection 
caused iron sequestration or the IO increased susceptibility to infec- 
tion could not be determined. Woolly monkeys (Lagothrix spp.) in 
European zoos might also be susceptible to IO, as shown by serum 
iron analytes.”” 

Hepatocellular IO is often noted in adult captive western lowland 
gorillas (Gorilla gorilla gorilla [Ggg]) but is infrequent in wild moun- 
tain gorillas (Gorilla beringei beringei [Gbb]).”” The median LIC is 
significantly higher in zoo Ggg than in wild Gbb (5440 ppm dw 
versus 1280) (LJL, unpublished). These levels are below toxic range, 
and significance to gorilla health is uncertain. 


B 


Miscellaneous Other Mammalian Species 

ISD in hyraxes, pikas, gerbils, and other rodents is discussed in 
detail elsewhere. 217 Recently, ISD has been reported to be a 
consistent finding in naked mole rats (Heterocephalus glaber), in 
which both a genetic predisposition and dietary overload are 
suspected.'” 
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PREVENTION AND TREATMENT 
Dietary Manipulation 


Dietary manipulation, in the form of decreasing iron (x100 ppm 
DM basis), limiting vitamin C, and/or adding ingredients that 
bind iron and prevent absorption, is the most important means 
of preventing IO in zoological species. Iron concentrations as 
low as 30 ppm DM basis for birds, 50 ppm for rhinoceroses, and 
65 ppm for lemurs have been recommended, but it is difficult to 
formulate balanced diets this lovv, 730607 Hidden sources of extra 
iron include other minerals such as dicalcium phosphate and 
drinking water.'°**° 

Dietary manipulation may be used to treat IO. Periodic removal 
of commercial pellets (for 30 days once or twice a year) from the 
diet decreased iron analytes in birds of paradise.’’ Prevention of iron 
absorption by intraluminal binding by polyphenols such as tannic 
acid, in the form of tea (leaves or infusion) or tamarind (pods or 
juice), has been used in birds, lemurs, and fruit bats. 7 5009572 This 
was shown to be effective in lemurs by following %TS.” However, 
replacing iron-rich fish by squid and removing vitamin pills with 
iron and vitamin C from diets of captive otariid seals for several years 
did not reduce ISD.” 

Cautions for dietary manipulation include the fact that polyphe- 
nols also bind other essential trace minerals and could theoretically 
cause unintended deficiencies.” Specific vitamin C requirements for 
species at risk must also be considered. Several passerine species 
cannot synthesize vitamin C, although iron-susceptible families have 
not been specifically examined.” Lemurs may synthesize vitamin C, 
but New World monkeys, Old World monkeys, apes, and tarsiers 
cannot. 


Treatment 


The two main approaches to therapy of ISD are phlebotomy and 
chelation.*°' In humans, removal of 450 to 500 mL of blood 
(approximately 6-7 mL/kg)—once weekly until serum ferritin is 
reduced to less than 50 pg/L and once every 3 months thereafter—is 
suggested as the treatment of choice for primary ISD. Reduction 
of hematocrit by as little as 5% is therapeutic. Phlebotomy has 
been used in birds, rhinoceroses, dolphins, and lemurs. The recom- 
mendation in mynahs and toucans is 1 to 2 mL/day until borderline 
anemia or clinical improvement, then weekly until SI is less than 
200 mg/mL.” Low-iron diet as well as 10 phlebotomy sessions (1% 
total blood volume every other week) were used successfully in a 
macaw.” In bottlenose dolphins, withdrawing 7% to 17% of esti- 
mated blood volume, weekly for 22 to 30 weeks, successfully 
reduced SI and 9678.” For rhinoceroses and tapirs, treatment is 
recommended if %TS is 65% to 70% and/or SF is greater than 
500 ng/mL (means for wild black rhinoceroses: 34%TS and 180 
SF).”' In black rhinoceroses, target volume for removal was 8 to 10 L 
per phlebotomy session, but actual volumes removed were only 1 to 
4 L per session with one to two sessions per month; blood flow, 
keeper time, and animal cooperation were limiting factors.” Phle- 
botomy at 1% body weight 26 times over 25 weeks significantly 
improved iron analytes in a black-and-white ruffed lemur (BWRL, 
Varecia varigata) with biopsy-proven hemosiderosis but was not suc- 
cessful in treating a second BWRL with cirrhosis at time oÍ initial 
presentation. '* 

Chelation may be used alone or in conjunction with phlebotomy. 
The most commonly used chelating drugs are injectable deferox- 
amine (DFO) and oral deferiprone.’ The advantages of chelation are 
better mobilization of iron from tissues such as heart muscle and not 
having to induce anemia in cases of RBC disease and transfusion- 
induced ISD; however, these drugs may be toxic. In chickens and 
pigeons, gastrointestinal absorption of deferiprone is excellent at a 
dose of 50 mg/kg; therapeutic plasma concentrations were shown to 
be maintained for 8 hours.” In experimentally induced IO in these 
species, doses of 50 or 70 mg/kg orally once daily for 6 days signifi- 
cantly reduced liver iron concentration, decreased %TS, and 
increased iron concentration in excreta, sometimes evidenced by 


rust-colored urates. Adverse effects included decreased weight gain, 
decreased serum zinc levels, and 30% mortality in the chickens, 
possibly from rapid iron depletion. Low-iron diet (<80 ppm) plus 
DFO (50 mg/kg, intramuscularly [IM] four times in 12 hours for 14 
days, 8 times over 20 months) reduced stainable iron in the liver 
and controlled diabetes in a macavv.” Deferiprone (75 mg/kg, orally 
PO], once daily for 90 days) significantly decreased biopsy con- 
firmed levels of liver iron in three hornbills with ISD.”° 

In common marmosets with experimentally induced 10, deferi- 
prone was poorly absorbed orally and was given subcutaneously 
instead.” In spite of increased urinary iron excretion, LIC remained 
high even after 2 years on a low-iron diet and multiple chelation 
reatments. A combination of chelation (DFO 10 mg/kg, IM, every 
other day for 4 weeks) and phlebotomy (10 mL/kg, weekly) resulted 
in decreased SF TS, SI, bilirubin, and bile acids in a lemur with 
severe hemochramai2sis: however, the animal died of liver failure 
and hepatocellular carcinoma.” 


CONCLUSION 


In many iron-sensitive species, an evolutionary, genetic basis may 
exist for increased iron uptake, which may have evolved along with 
specific dietary ecologies, including frugivory, folivory, gumivory, 
palynivory, and insectivory. However, in both iron-sensitive and iron- 
insensitive species, high dietary iron, liver disease, systemic inflam- 
mation, metabolic syndrome, and, possibly, stress may drive iron 
accumulation. Changing diets to better reflect iron concentrations in 
wild-type diets has been shown to decrease IO in birds, rhinoceroses, 
and nonhuman primates. Establishing reference ranges for liver iron 
concentrations and serum iron analytes for more zoo species would 
facilitate diagnosis and monitoring of treatment in affected 
individuals. 
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With a circulation of nearly 1500 in 2013, the Journal of Zoo 
and Wildlife Medicine (JZWM) is one of the most read international, 
scientific, peer-reviewed journals that features articles on the diag- 
nosis, treatment surgery, and preventive medicine of zoo animals 
and free-ranging wildlife. It is the official journal of the American 
Association of Zoo Veterinarians (AAZV), the European Association 
of Zoo and Wildlife Veterinarians (EAZVVV), the American College 
of Zoological Medicine (ACZM), the European Association of Zoos 
and Aquariums (EAZA), and the World Association of Zoos and 
Aquariums (WAZA). 

The JZWM was founded by the AAZV in 1970 titled as the Journal 
of Zoo Animal Medicine and has always been published quarterly. It 
quickly became a major vehicle for the dissemination of information 
about zoo animal medicine in North America and later developed 
an international authorship and readership. It was, and still is, 


affectionately known by many as the “giraffe” journal because of the 
prominent giraffe logo on its cover (Figure 70-1). However, in 1987, 
the logo was revised, with the addition of more species, including 
cervid, amphibian, shark, avian, chelonian rhinoceros, primate, and 
cheetah species (Figure 70-2). 

Pages of the early editions were printed and stapled together, and 
although these editions were simple, they contained an interesting 
mix of case reports and short studies that served as a primary vehicle 
for dissemination of information in the growing field of zoo medi- 
cine. The four journals have grown from an average of 128 pages 
per year in 1974 to over 1000 pages in 2012. The JZWM is now 
organized under the sections Review Articles, Case Series Reports, 
Brief Communications, and Clinical Challenges. Early editors worked 
on their own to a great extent and their work was vital to the early 
and continuing function of the JZWM (Box 70-1). In the 1900s, some 
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FIGURE 70-1 The original giraffe logo for the Journal of Zoo Animal 
Medicine. (Courtesy of American Association of Zoo Veterinarians.) 


BOX 70-1 Editors of the Journal of Zoo Animal 


Medicine and the Journal of Zoo and 
Wildlife Medicine 


Joel Wallach, DVM, and Weaver Williamson: 1970-1973 

Don Farst, DVM: 1973-1978 

Murray E. Fowler, DVM, DACZM, DACVIM, DABVT: 1978-1988 
James Carpenter, DVM, DACZM: 1988-1992 

Duane Ullrey, PhD: 1992-1995 

Wilbur Amand, VMD: 1995-2005 

Teresa Y. Morishita, DVM, PhD, DACPV: 2005-Present 


editions were dedicated to specialty topics, and more recently in 
2012, the findings of a workshop on iron storage issues in rhinoc- 
eroses were published as a supplement, and more such supplements 
are anticipated. 

In 2010, the JZWM became available digitally, which greatly 
accelerated its dissemination around the world, particularly in 
countries where publication costs are prohibitive. Translations of 
JZWM abstracts into various languages (Chinese, French, German, 
Japanese, Portuguese, Russian, Spanish) have been made available 
online (www.aazv/jzwm). As the translation work is done by volun- 
teers, the availability of materials in some languages has been 
variable. 


FIGURE 70-2 The current cover design of the Journal of Zoo and 
Wildlife Medicine. (Courtesy of American Association of Zoo 
Veterinarians.) 


As noted, JZWM is now the official journal of the AAZV and the 
EAZVVV, in recent years, the JZWM has also become the official 
journal of the ACZM, the EAZA, and the WAZA. In 2010, following 
many years of negotiations, the EAZWV and the AAZV signed a 
Memorandum of Understanding, which made the JZWM the official 
joint journal of both organizations, and a membership benefit for 
each was provided. This increasing international outlook to the 
JZWM is reflected in the primary authorship: In 2012, 53% of the 
senior authors were non-American, coming from 42 countries 
across the world. The four countries with the highest totals of sub- 
missions were Brazil (21), France (10), South Africa (10), and Spain 
(8). Also, since 2012, an electronic version of the JZWM has been 
made available to veterinarians in developing countries through a 
reduced fee program supported by the AAZV and now the EAZWV 
as well. 

The result of all of these efforts is that the JZWM has become a 
vital tool in the advancement of knowledge for zoo and wildlife 
veterinarians. Institutional or individual subscriptions to the JZWM 
may be made as members of the AAZV, the EAZVVV, and the other 
organizations noted above. 
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This chapter is a general overview of some laws of the United States 
and other countries, as well as regulations, policies, court decisions, 
and international treaties for zoologic medicine veterinarians* or 
others who might want such information as relevant to treating or 
handling wild or zoo animals. This chapter is not a detailed analysis 
of each law, regulation, policy, treaty, or court decision pertaining to 
veterinarians or other persons treating or handling wild or zoo 
animals.* Certain regulations have been fully quoted because an 
awareness of their precise wording may often be critical to ensure 
compliance and to support decisions where any misunderstanding 
or miscomprehension could have legal ramifications. 


LEGAL STATUS OF WILD ANIMALS— 
UNITED STATES 


Countries with legal systems rooted in English common law tend to 
classify animals under two categories: (1) domitoe naturoe (domesti- 
cated or tame) animals and (2) feroe naturae (wild) animals.' Unlike 
domesticated animals, wild animals generally cannot be owned by 
individuals. Rather, wild animals are considered to be owned by or 
held in trust by the government for the benefit of its people.” Even 
if an individual captures and keeps a wild animal, the possession is 
considered only temporary and is lost if the wild animal escapes.’ 
Wild animals are generally considered to be owned by the state in 
which they are located, and occasionally, American federal law may 
step in and designate certain animals, commonly endangered species, 
as being under its protection." 


INFECTIOUS DISEASE CONTROL— 
UNITED STATES 


Control of infectious diseases has been one of the most important 
responsibilities of veterinarians. Regulations concerning the preven- 
tion of exposure to foreign animal diseases or limiting endemic 
diseases are generally targeted toward production animals used for 
food and fiber. However, the potential for these diseases to be trans- 
mitted to nondomestic species, particularly free-ranging populations 
or the potential for nondomestic species to serve as reservoirs and 
vectors of disease can greatly impact the activities of zoologic 


*For this chapter, the term “veterinarian” also includes “veterinary 
doctor,” “veterinary medical doctor,” “veterinary practitioner,” “practitio- 
ner of veterinary medicine,” “practitioner of veterinary surgery,” “veteri- 
nary surgeon,” and “veterinarian practitioner.” 

tDeceased. 

TTHIS CHAPTER IS NOT INTENDED TO BE NOR SHOULD IT BE, 
USED OR RELIED UPON BY ANY PERSON AS LEGAL ADVICE OR AS 
AN ALTERNATIVE OR SUBSTITUTE FOR LEGAL ADVICE. READERS 
ARE STRONGLY ENCOURAGED TO CONSULT WITH A LICENSED, 
REGISTERED, COMPETENT KNOWLEDGEABLE ATTORNEY, LAWYER, 
COUNSELOR, SOLICITOR, OR LEGAL ADVISOR IN THEIR COUNTRY, 
PROVINCE, DISTRICT, STATE, OR JURISDICTION ABOUT ANY LEGAL 
ISSUES, SUBJECTS, OR MATTERS THAT MIGHT BE MENTIONED IN 
THIS CHAPTER AND/OR ABOUT TREATING OR HANDLING WILD OR 
ZOO ANIMALS. 
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medicine veterinarians, as livestock represent a multibillion dollar 
international industry with interests that generally supersede the 
interests of nondomestic species. 

The United States Department of Agriculture, Animal and Plant 
Health Inspection Service, Veterinary Services (APHIS-VS) has the 
responsibility for safeguarding animal health and other livestock 
concerns and also regulates veterinary biologics that may be used in 
the practice of zoologic medicine. The responsibilities of the 
APHIS-VS include, but are not limited to, establishing policies 
and practices to limit introduction of foreign animal diseases and 
coordination of disease control responses with the World Organisa- 
tion for Animal Health (Office of International Epizootics [OIE]) 
and other international entities. The APHIS-VS has also established 
the National Veterinary Accreditation Program (NVAP) as a means 
of enlisting support among nongovernmental veterinarians for 
foreign and endemic disease programs, emergency management and 
disease control programs (e.g., for tuberculosis, brucellosis, and 
other diseases), and coordination of animal shipping and control of 
disease among states with varying animal health regulations. Testing 
and examination of animals for interstate transport is one of the 
common responsibilities of many zoologic medicine veterinarians. 
Adherence to legal responsibilities is required for continued or 
nondisciplined licensure to practice veterinary medicine. Although 
the NVAP is federally managed, accreditation duties are held at the 
state level. 

Recent changes include online availability of continuing educa- 
tion modules on transmission, recognition, and reporting of exotic 
and emerging diseases and establishment of Category I (mostly small 
mammal companion animal species) and Category II (all animals) 
accreditation levels. Key to NVAP is accredited veterinarians’ adher- 
ence to the program and the profession's legal responsibilities. The 
Code of Federal Regulations (CFR), having the force of law, is the 
comprehensive and detailed “rule book,” which contains all of 
the current federal regulations and provides directions for prior 
versions. In addition to the CFRs, all veterinarians should be aware 
that besides infectious disease concerns, the OIE’ Terrestrial Animal 
Health Code 2012 and Aquatic Animal Health Code 2010 (Boxes 71-1 
and 71-2) include veterinary and animal welfare standards that have 
international ramifications. 


ANIMAL WELFARE ACT—UNITED STATES 


In 1966, President Lyndon Johnson signed into law the Animal 
Welfare Act (AWA). Since its original enactment, it has been strength- 
ened and expanded. Today, the AWA sets minimum standards for 
the care and treatment of certain animals: “regulated animals” (or 
“AWA animals”). The AWA does not cover “nonregulated” animals; 
however, matters involving nonregulated animals that affect regu- 
lated animals might come under the authority of the United States 
Department of Agriculture (USDA)-APHIS (or, simply, “APHIS”) but 
only to the extent of the affected AWA regulated animals. 
Depending on particular circumstances, place of employment, 
and entity or person to whom veterinary services are being provided, 
veterinarians may find themselves having to comply with various 
regulations, policies, and guidelines of APHIS. The two principal 
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BOX 71-1 Terrestrial Animal Health Code: 


Article 3.4.6: Veterinarians and 
veterinary para-professionals 


1. Veterinary medicine/science: ln order to ensure quality in the 
conduct of veterinary medicine/science, the veterinary legisla- 
tion should provide a definition of veterinary medicine/science 
sufficient to address the following; 

a. define the prerogatives of veterinarians and of the various 
categories of veterinary para-professionals that are recog- 
nised by the Member Country; 

b. define the minimum initial and continuous educational 
requirements and competencies for veterinarians and veteri- 
nary para-professionals; 

c. prescribe the conditions for recognition of the qualifications 
for veterinarians and veterinary para-professionals; 

d. define the conditions to perform the activities of veterinary 
medicine/science; and 

e. identify the exceptional situations, such as epizootics, under 
which persons other than veterinarians may undertake activi- 
ties that are normally carried out by veterinarians. 

2. The control of veterinarians and veterinary para-professionals: 
Veterinary legislation should provide a basis for regulation of 
veterinarians and veterinary para-professionals in the public 
interest. To that end, the legislation should: 

a. describe the general system of control in terms of the politi- 
cal, administrative and geographic configuration of the 
country; 

b. describe the various categories of veterinary para- 
professionals recognised by the Member Country according 
to its needs, notably in animal health and food safety, and 
for each category, prescribe its training, qualifications, tasks 
and extent of supervision; 

c. prescribe the powers to deal with conduct and competence 
issues, including licensing requirements, that apply to veteri- 
narians and veterinary para-professionals; 

d. provide for the possibility of delegation of powers to a pro- 
fessional organisation such as a veterinary statutory body; 
and 

e. where powers have been so delegated, describe the pre- 
rogatives, the functioning and responsibilities of the man- 
dated professional organisation. 


From 2010 ©OlE—Terrestrial Animal Health Code, World Organisation for 
Animal Health. 


regulations that zoological medicine veterinarians must be aware of 
are as follows: 
1. 9 CFR § 2.40 (Dealer and exhibitors [Zoos]: Attending veterinarian 
and adequate veterinary care), to-wit: 
“(a) Each dealer or exhibitor shall have an attending veterinarian 
who shall provide adequate veterinary care to its animals in 
compliance with this section. 


(1) Each dealer and exhibitor shall employ an attending 
veterinarian under formal arrangements. In the case of 
a part-time attending veterinarian or consultant arrange- 
ments, the formal arrangements shall include a written 
program of veterinary care’ and regularly scheduled 
visits to the premises of the dealer or exhibitor; and 

(2) Each dealer and exhibitor shall assure that the attending 
veterinarian has appropriate authority to ensure the pro- 
vision of adequate veterinary care and to oversee the 
adequacy of other aspects of animal care and use. 

(b) Each dealer or exhibitor shall establish and maintain pro- 

grams of adequate veterinary care that include: 

(1) The availability of appropriate facilities, personnel, 
equipment, and services to comply with the provisions 
of this subchapter; 


BOX 71-2°”** Terrestrial Animal Health Code: 
Article 6.11.2: Zoonotic diseases 


transmissible from nonhuman 
primates 


“Veterinary Authorities of exporting countries should issue inter- 
national veterinary certificates only upon presentation of valid 
CITES documentation. 

Veterinary Authorities should make sure that the animals are 
individually identified by approved methods that assure traceability 
and to avoid transmission of disease (see Chapter 4.15: Hygiene 
Precautions, Identification, Blood Sampling and Vaccination’). 

For reasons of public health, animal welfare and pathogen 
introduction to wild populations, Veterinary Authorities of import- 
ing countries should not authorise the import of non-human pri- 
mates for the purpose of being kept as pets. 

In the case of a non-human primate being imported directly 
from a country within the natural range of the animal's species 
concerned, and where only limited diagnostic testing is available, 
Veterinary Authorities of importing countries should place more 
emphasis on quarantine procedures and less on veterinary certifi- 
cation. As a matter of principle, limited health guarantees given 
by the supplier or the Veterinary Authority of the country of 
origin should not constitute an obstacle to imports, but very strict 
post import quarantine requirements should be imposed. Particu- 
larly, the quarantine should meet the standards set in Chapter 
5.9 (Quarantine measures applicable to non-human primates’), 
and should be of sufficient length to minimise the risk of transmis- 
sion of diseases where tests are not readily available or of limited 
value. 

Veterinary Authorities of importing countries may reduce the 
quarantine requirements for non-human primates imported from 
premises with permanent veterinary supervision provided that the 
animals were born or have been kept for at least two years on 
these premises, are individually identified and accompanied by 
proper certification issued by qualified officials, and the official 
certification is supplemented by a complete documentation of the 
clinical history of each animal and its group of origin. 

In cases where it is necessary to import non-human primates 
which are known or suspected to be carriers of a zoonotic disease, 
the import should not be restricted by any of these recommenda- 
tions, provided that the Veterinary Authority of the importing 
country requires the placing of the animals in an establishment 
located on its territory which has been approved to receive them 
and which meets the standards set in Chapter 5.9 (Quarantine 
measures applicable to non-human primates)." 
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(2) The use of appropriate methods to prevent, control, 
diagnose, and treat diseases and injuries, and the avail- 
ability of emergency, weekend, and holiday care; 

(3) Daily observation of all animals to assess their health 
and well-being; Provided, however, That daily observation 
of animals may be accomplished by someone other than 
the attending veterinarian; and Provided, further, That a 
mechanism of direct and frequent communication is 
required so that timely and accurate information on 
problems of animal health, behavior, and well-being is 
conveyed to the attending veterinarian; 

(4) Adequate guidance to personnel involved in the care 
and use of animals regarding handling, immobilization, 
anesthesia, analgesia, tranquilization, and euthanasia; 
and 

(5) Adequate pre-procedural and post-procedural care in 
accordance with established veterinary medical and 
nursing procedures.” 
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It has been judicially declared that it is not a reasonable interpreta- 

tion of “adequate veterinary care” in 9 CFR § 2.40 [for APHIS] 

“to insist that all the animals under such care should have unflag- 

gingly perfect health.” 

2. 9 C.ER. $ 2.33: Veterinarians working at research facilities should 
also be aware of this regulation and its provisions pertaining 
to the facilitys Institutional Animal Care and Use Committee 
(IACUC). 

APHIS does not issue licenses for veterinarians, but much can 
stem from these regulations, which may impact veterinarians treating 
or handling AWA-regulated animals and, derivatively, their state 
licenses to practice veterinary medicine. 

Veterinarians treating or handling animals should also be familiar 
with, among other items, the following: 

9 CFR § 2.32: Research facilities; Personnel qualifications 

§ 2.35: Research facilities; Recordkeeping requirements 

8 2.75: Records; Dealers and exhibitors 

§ 2.78: Health certification and identification 

§ 2.131: Handling of animals 

§ 3.110: Marine mammal; Veterinary care 

9 CFR Part H: Compliance with Standards and Holding Period [9 

CFR 88 2.100, .101 and .102] 

Animal Care Resource Guide Policies, in particular: 

° Policy # 1: Control of Tuberculosis in Regulated Elephants 

° Policy # 3: Veterinary Care 

° Policy # 4: Necropsy Requirements 

° Policy # 7: Brachiating Species of Nonhuman Primates 

° Policy # 11: Painful and Distressful Procedures 

° Policy # 12: Consideration of Alternatives to Painful / Distress- 
ful Procedures 

° Policy # 14: Major Survival Surgery, Dealers Selling Surgically- 

Altered Animals to Research’ 

* Animal Care Inspection Guide, Chapter 8.0: Veterinary Care 

Veterinarians performing a necropsy on an AWA-regulated animal 
species when she or he has not previously done a postmortem 
examination on that species should bear in mind Policy # 4, which 
requires that necropsy be done “by or under the direct supervision 
of a veterinarian experienced with that species” (emphasis added). 
Unlike state veterinary practice acts or veterinary board regulations, 
neither the AWA nor its companion CFR defines “direct supervision” 
or, for that matter, “indirect supervision.” Consequently, veterinari- 
ans should be aware what is legally required for “direct supervision” 
in the state in which they are performing such a first-time necropsy. 
Typically, direct supervision requires the supervising veterinarian to 
be on the premises.” In contrast, indirect supervision commonly 
entails the supervising veterinarian being readily available, by tele- 
phone or other means of immediate communication, or having given 
either written or oral instructions before leaving the premises.’ This 
requirement might be in conflict with regulations mandating nec- 
ropsy of a captive collection animal. 

Maintenance of adequate veterinary medical records is impor- 
tant.'° This includes a reliable and secure system for backing up and 
archiving records.'' Failure to do so may result in USDA-APHIS 
citations and sanctions. What constitutes “adequate” records is not 
any one veterinarian’ personal opinion about what should be—or 
should have been—documented but what APHIS’ regulations, poli- 
cies, and inspection guidelines require to be documented. APHIS 
tends to categorize records into “required” and “recommended.”"’ 
APHIS requires records to be kept for at least 1 year after an animals 
death or disposition with research facilities having to keep them for 
at least 3 years after either occurrence.'* Necropsy reports are to be 
kept for at least 3 years following the examination. ° 

Except in the case of marine mammals, APHIS should issue an 
inadequate recordkeeping citation only in conjunction with related 
noncompliant items (e.g., animal well-being, etc.). “A lack of any of 
these records or inadequacy of these records may not be cited as a 
stand-alone violation.” ” Besides APHIS regulations, other USDA 
divisions, US-DEA, and state and provincial board regulations also 
have requirements for documentation. Also, adherence to federal 
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requirements is not a defense to state requirements if the state 
requires more, / and vice versa. 

All veterinarians working at an APHIS-licensed facility are subject 
to the regulations, policies, and guidelines of APHIS. No distinction 
is made between an employee-veterinarian and a contract or 
independent-contractor veterinarian except that the latter must sign 
a written Program of Veterinary Care (PVO). ° 

An APHIS regulation ° appears to prohibit, at least research facili- 
ties, from discriminating or taking retaliatory actions against employ- 
ees, committee members, or laboratory personnel who report to 
APHIS violations of any regulation or standards. Hovvever, under the 
AVVA, court decisions have ruled that regulation does not give the 
employee the right to sue, as the AWA’s purpose is not to protect 
humans but only animals. 


ENDANGERED SPECIES ACT AND RELATED 
LAWS (UNITED STATES) AND CONVENTION 
ON INTERNATIONAL TRADE IN ENDANGERED 
SPECIES OF WILD FAUNA AND FLORA 


A foundational purpose of the Endangered Species Act! (ESA) was, 
and still remains, the promotion of measures to protect species 
threatened by immediate or foreseeable extinction.” The ESA is 
administered by the United States Fish and Wildlife Service (FWS) 
and the National Oceanic and Atmospheric Administration (NOAA), 
with NOAA being primarily responsible for marine species. Atlantic 
sturgeon, sea turtles, and other species in marine and fresh water 
environments are jointly managed by the FWS and the NOAA and 
other federal agencies with responsibilities for enforcing various 
statutes, regulations, and international treaties. Threats to a species 
outside of the United States and its overseas territories or possessions 
are considered part of a species’ rating. 
The Migratory Bird Treaty Act (MBTA)”” between the United States 
and Canada and the Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), which became effective on 
July 1, 1975, are internationally significant treaties. CITES signatory 
nations can still enforce and adopt domestic laws or measures that 
are stronger or stricter than CITES. 

Similar American laws (e.g., African Elephant Conservation Act,” 
Marine Mammal Protection Act,” and National Environmental Protec- 
tion Act””) and foreign laws and treaties are in effect, but ESA, MBTA, 
and CITES are central to the practice of zoologic medicine in the 
United States. What is shared by these laws and treaties is limitation, 
with civil and criminal penalties for the taking, possession, and 
transport of threatened, endangered, or otherwise protected species. 
These laws and treaties are generally concerned with protecting 
animals in their natural environments from harvest, transport, eutha- 
nasia, handling, or possession of live animals; biomedical sampling 
or other such activity is highly regulated, so familiarity with client 
(animal owner/possessor) and veterinary responsibilities for exhibi- 
tion, research, conservation is critical. 

In addition to the above, veterinarians should ensure and main- 
tain compliance with agricultural (e.g., APHIS-VS), human health 
(e.g., Centers for Disease Control [CDC]), and veterinary public 
health permits at the state, provincial, national, and international 
levels, including with aboriginal peoples. Finally, Institutional 
Animal Care and Use Committees (IACUCs) often have oversight 
over research and other regulated activities. 


LAWSUITS OR LEGAL CLAIMS 
FOR OR BY ANIMALS 


The ESA grants individuals legal standing to file lawsuits to enforce 
its provisions, and some lawsuits have named an animal, group 
of animals, or species as plaintiffs or aggrieved parties. Alternatively, 
a human may be named as a guardian, or guardian ad litem, for 
an animal, as for a child or mentally incompetent person,” or the 
court may be requested to consider the animal a “legal person.” 
Such legal endeavors in the United States and other countries” 
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have largely been rejected by the courts,” but they continue to 
be made. 


TERRESTRIAL ANIMAL HEALTH CODE— 
WORLD ORGANISATION FOR 
ANIMAL HEALTH 


The Terrestrial Animal Health Code 2012 of the World Organisation 
for Animal Health (OIE) has established worldwide standards for 
the improvement of the health and welfare of terrestrial animal 
(mammals, birds, and bees) and veterinary public health.”! Rules for 
safe international trade in terrestrial animals and their products is 
included within these standards. According to the OIE, the “health 
measures in the Terrestrial Code should be used by the veterinary 
authorities of importing and exporting countries to provide for early 
detection, reporting and control agents pathogenic to terrestrial 
animals and, in the case of zoonoses, for humans, and to prevent 
their transfer via international trade in terrestrial animals and ter- 
restrial animal products, while avoiding unjustified sanitary barriers 
to trade.”” (See Boxes 71-1 and 71-2.) 


CONTROLLED SUBSTANCES ACT (CSA)— 
UNITED STATES; FOOD, DRUG, AND 
COSMETIC ACT (FDCA)—UNITED STATES; 
AND LAWS ON FOREIGN CONTROLLED 
SUBSTANCES, DRUGS, OR 

DANGEROUS DRUGS 


Veterinarians having a U.S. Drug Enforcement Administration (US- 
DEA) registration in one state may not administer, dispense, or 
prescribe a controlled substance in another state until they also have 
US-DEA registration for that state.” Also, possessing a US-DEA and/ 
or an American state-controlled substance registration does not 
mean that a U.S.-licensed veterinarian or any other “practitioner””* 
holding such a registration can carry or import into another country 
controlled substances, controlled drugs, controlled medications, or 
dangerous drugs. Nor does a U.S.-DEA registration empower an 
American veterinarian or any other practitioner to administer, dis- 
pense, distribute, or prescribe any controlled substances or other 
prescription medication” in another country. Additionally, a non- 
prescription over-the-counter (OTC) drug in one country may be 
deemed a prescription drug, controlled drug, dangerous drug, or 
banned substance in another.” 

In summary, American veterinarians ® or other practitioners have 
no right or privilege to fail to comply with another nation’s drug laws 
while in that nation,” as this may result in severe penalties,*° includ- 
ing capital punishment.*! Additionally, a conviction in one country 
might provide a basis for veterinary disciplinary action in the veteri- 
narians home country up to and including loss of license or being 
struck off the roll.” 

The US-DEA’s Export Waiver for International Humanitarian or 
Veterinarian Charitable Assistance—“Medical Missions”-—program has 
no force or effect in any foreign country.” That program simply 
provides a means by which US-DEA registrants may seek a vvaiver 
of federal law requirements to legally export controlled substances 
from the United States'' for use in an international veterinarian 
charitable mission, not for importation of such drugs into a foreign 
country for their administration, dispensing, or distribution in that 
country. 

APHIS’ Animal Care Resources Guide Policies, Policy # 3: Veterinary 
Care (March 25, 2011) prohibits the use of expired drugs for AWA- 
regulated animals. However, APHIS “has no jurisdiction over facili- 
ties using expired medical materials for nonregulated animals or 
nonregulated activities”’’ (emphasis added). Additionally, Policy # 3 
states that “[flor acute terminal procedures, where an animal is put 
under anesthesia, the research is carried out (surgery or testing of a 
compound) and the animal is euthanized without ever waking up, 
medical materials may be used beyond their ‘to be used by’ date if 
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such materials use does not adversely affect the animals well-being 
or compromise the validity of the scientific study.” Regardless of the 
immediate above, this APHIS policy declares that for all veterinary 
procedures, expired anesthesia, analgesia, emergency, and euthanasia 
drugs cannot be used. 


MINOR USE AND MINOR SPECIES ANIMAL 
HEALTH ACT (MUMS)—UNITED STATES 


In 2001, the United States enacted the Minor Use and Minor Special 
Animal Health Act, better known as MUMS, with amendments made 
in 2004."° The purpose of MUMS is (or, some might say, was) to 
provide the United States Food and Drug Administration (US-FDA) 
with a means to provide authorization for drugs for less common 
species or uses. Even with MUMS, drug availability for zoo and wild 
animals has remained limited in the United States. 

Periodically, the US-FDA, through its Division of Dockets Man- 
agement, publishes a list of MUMS drugs,” as well as drugs that have 
been removed from the designated list.” Veterinarians treating or 
handling wild or zoo animals should regularly check these lists to 
determine if a drug is on the MUMS list or has been removed. 


COMPOUNDING OF DRUGS—UNITED STATES 


Currently, compounding of drugs by American veterinarians is in a 
state of flux. Some state pharmacy laws still acknowledge that vet- 
erinarians can compound drugs in their clinics for the animals they 
are treating,” whereas others do not allow it or are silent on the 
subject. 

Particularly, status of companies doing bulk compounding of 
prescription (legend or veterinary legend) drugs” or controlled sub- 
stances’! for veterinarians remains undetermined. Given the uncer- 
tainty at the time of this writing, zoo and wildlife veterinarians are 
strongly encouraged to check with their state veterinary and phar- 
macy boards and an experienced attorney about compounding of 
drugs and controlled substances. 


OFF-LABEL OR EXTRA-LABEL USE OF 
CONTROLLED SUBSTANCES—UNITED STATES 


Given the limited range of drugs approved for use in animals in the 
United States, many veterinarians have found that they cannot prac- 
tice veterinary medicine without off-label or extra-label use of drugs. 
Although this is common, the US-DEA has not been so flexible 
toward off-label or extra-label use of controlled substances.” 


VETERINARIANS UNLAWFULY PRACTICING 
VETERINARY MEDICINE 


As in the case of laws on controlled substances and prescription 
medicines, possessing a veterinary license from an American state 
does not mean that such a veterinarian can practice anywhere in the 
world.” Rather, any veterinarian must be compliant with the laws 
of each nation or jurisdiction in which she or he desires to engage 
in the practice of veterinary medicine or qualify for an exemption 
from licensure or temporary licensure or registration of that nation 
or jurisdiction.” Failure to do so may result in significant monetary 
fines, imprisonment, or both.” Veterinary malpractice insurance 
policies issued in one country are not likely to cover a negligent act 
or omission in another country. 


CONCLUSION 


Zoologic medicine veterinarians must be familiar with a number of 
legal concerns that may impact their professional activities, state 
licensure, federal and state drug registrations, and participation in 
accredited programs. Depending on the particular activity, local, 
state, provincial, and federal laws, regulations, international treaties, 
court, administrative and disciplinary decisions, and attorney 
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general opinions may be applicable. Most veterinarians are generally 
familiar with state or provincial veterinary licensure requirements; 
however, they often must be more knowledgeable about multiple 
legal requirements, limitations, and restrictions. In addition, the 
dynamic environment of regulations with regard to animal welfare 
and drug or controlled substances requires that veterinarians be 
attentive to legal and regulatory changes. General practice lawyers 
may not be familiar with many of the veterinary licensure statutes 
and regulations that exist, and certain legal conundrums may require 
the expertise of an attorney who is particularly experienced in a given 
area of law. 
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Minimally invasive surgery (MIS) techniques such as laparoscopic 
cholecystectomy and appendectomy are used routinely in human 
surgery in the developed world and are currently regarded as the 
gold standard for these and numerous other human surgical proce- 
dures, 7770? They demonstrate notable improvements in rapid 
recoveries and reduced postoperative pain compared with traditional 
open surgery. Veterinary MIS techniques also hold the potential 
for reduced patient morbidity, reduced wound contamination and 


breakdown, shorter patient recovery periods, and reduced postop- 
erative care requirements.” 2000216 It stands to reason that MIS 
is likely to hold even greater advantages in captive or free-ranging 
wildlife than in domestic animals, although the current evidence 
base is still small. 

Although wildlife surgery is a small specialist field, it can still play 
an important role in zoo and free-ranging wildlife medicine. MIS has 
obvious welfare advantages for permanent captive wildlife species as 


well as for free-ranging wildlife species undergoing rehabilitation, 
potentially shortening the stressful time of treatment in captivity. 
Wildlife surgery may also play an occasional role in the conservation 
of endangered species. In critically endangered species, optimal 
reatment of each remaining individual is important if a species is to 
survive and maintain reasonable genetic heterogeneity. For example, 
only four Yangtze giant soft shell turtles (Rafetus swinhoei) remain in 
he world, of which 2 remain in the wild, and one of these last 
remaining wild turtles recently required capture and surgical treat- 
ment for wounds.’ Similarly, other critically endangered species 
exist, with small remaining wild populations under 50 individuals. 
Successful surgical treatment and return to the wild of even a single 
injured individual in such small critical populations could have an 
important impact on maximizing the remaining genetic diversity in 
he population. In these cases, the least invasive method of interven- 
ion with the most rapid healing and return to the wild would be 
ideal. 

This chapter will provide a brief overview of current techniques 
and applications of MIS in wildlife, highlight MIS-specific risks and 
disadvantages, and discuss some recent developments in human and 
domestic animal surgery that have relevance or implications for 
wildlife surgery. Several available texts provide detailed discussions 
of the basic MIS equipment and instruments needed for most animal 
species and describe the basic procedures commonly performed in 
humans, domestic animals, and exotic pets.!°1?7°?°?*8.°° 


OVERVIEW 


The term minimally invasive surgery (MIS) is generally used to refer 
to any procedure that is less invasive than open surgery used for the 
same purpose.° Although this has most often been used to refer to 
rigid endosurgical procedures such as laparoscopy, the term can also 
be applied to percutaneous interventional techniques. 

Laparoscopy, thoracoscopy, and arthroscopy are also alternatively 
referred to as minimal access surgery, video surgery, endosurgery, and 
endoscopic surgery and, by lay persons and professionals alike, as 
“keyhole surgery.” It appears advisable to avoid the use of the term 
“keyhole surgery” as some ambiguity surrounds the meaning of this 
term; for example, it is not uncommon for veterinarians to also refer 
to open surgery performed through small incisions as “keyhole 
surgery.” Small wounds are a clearly recognizable feature and an 
obvious benefit, but these small wounds are not the only benefit of 
this type of MIS. A very notable benefit is the markedly enhanced 
visualization (helped by the magnification allowed by the endo- 
scope), which, if used correctly, leads to safer and more physiologic 
surgery. The ultimate aim of all MIS should always be safe, visual 
physiologic surgery, the added benefit being small wounds. In con- 
trast, very small open abdominal surgery incisions tend to lead to 
poor visualization and result in unsafe surgery.*® 


Laparoscopy and Coelioscopy 


Laparoscopy encompasses MIS procedures in the abdominal cavity. 
Coelioscopy, which is endoscopy of the coelomic cavity in nonmam- 
malian species, is also commonly referred to as laparoscopy, although 
this usage is not strictly accurate. This is the most widely recognized 
and the best reported MIS technique in the zoo and wildlife surgical 
field. It has been applied in mammal species ranging from mice” to 
elephants, ” as well as in birds, reptiles, amphibians, and fish.'°”” It 
has applications in diagnosis, surgery, and assisted reproduction in 
wildlife. The emphasis in this chapter is on laparoscopy and coelios- 
copy, as still relatively few reports on the application of other MIS 
modalities in wildlife have been published. 


Thoracoscopy 


Thoracoscopy holds potential for further application in zoo animal 
surgery. Maintenance of postoperative chest drains commonly 
employed in open thoracotomy procedures is difficult in wildlife 
patients. Many human surgeons prefer the term video-assisted thoracic 
surgery (VATS) to thoracoscopy, which highlights one of the main 
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benefits that endosurgery brings to thoracic surgery—visualization. 
Endoscopic visualization allows examination of parts of the pleural 
cavity, which are difficult to access or see adequately in open thora- 
cotomy procedures. VATS also recognizes that although the majority 
of a procedure such as a lung lobectomy can be completed thoraco- 
scopically, a mini-thoracotomy is usually still needed for tissue 
extraction. In laparoscopy, alternatives such as insertion of hand 
access ports, motorized tissue morcellators, and rip-proof impervi- 
ous extraction bags allow an entire liver lobe to be broken down 
with sponge forceps and extracted through a 10- to 15-millimeter 
(mm) port site. 

Currently, published thoracoscopy reports have largely been 
limited to those on laboratory primates such as macaques’ and 
domestic animals.*’ Postmortem thoracoscopic access was assessed 
in an adult giraffe, but visualization and access were notably limited 
by the wide, closely spaced ribs that allowed for little angulation of 
the endoscope and instruments,” which is also an issue with other 
large herbivores and megavertebrates. Access was, however, suffi- 
cient for peripheral lung biopsies. Thoracoscopy is not possible in 
elephants because of the lack of a pleural space.” 

Vascular ring anomalies such as persistent right aortic arch have 
been treated in zoo animals such as a tiger by open thoracotomy,” 
and the procedure has been performed in domestic animals via 
3-mm thoracoscopy,”’ making this equally applicable in zoo animals 
not intended for breeding. Esophageal hiatal hernias, diaphragmatic 
hernias, and chylothorax, reported in zoo species, 2122” are ame- 
nable to operative thoracoscopy techniques. 

The extracorporeal applied Meltzer knot (Figure 72-1), which is 
an extremely useful technique for performing lung biopsies, also has 
other MIS and open surgery applications. It can be used in a wide 
range of taxa and body sizes, in cases where alternatives such as 
endosurgical staplers cannot be used. It is more cost effective than 
staplers or commercially available pretied endoloops (Surgitie, Covi- 
dien; Endoloop, Ethicon). This also allows surgeons greater choice 
of suture material and diameter than commercially available 
endoloops. The author has used this in species ranging from 1 to 
650 kilograms (kg), via 3-mm ports and larger ports in thoracoscopy 
and laparoscopy. A loop with a pretied Meltzer knot is inserted via 
one port with a knot pusher and grasping forceps inserted via a dif- 
ferent port. The forceps end is passed through the loop to grasp the 
issue to be ligated for purposes such as biopsy. The tip of the knot 
pusher is then placed on the tissue where ligation is required, and 
he suture loop tightened, thus locking the knot. Knot ends of about 
1 centimeter (cm) length should be left for safety. The tissue may 
hen be transected. A suture may also be first passed around a fixed 
structure such as the cystic duct or ligamentum arteriosis before the 
suture exits from the same port, and the knot is then tied and simi- 
arly placed with a knot pusher for ligation. 

It is inadvisable for surgeons not already familiar with standard 
horacotomy techniques to attempt thoracoscopic procedures. An 
emergency situation such as intrathoracic hemorrhage is not the time 
to learn how to perform a thoracotomy. During surgical preparation 
and draping, the decision to convert to a thoracotomy, if needed, 
may be determined. 


Arthroscopy 


Surprisingly few reports of arthroscopic surgery in wildlife species 
have been published, considering how widespread and established 
the use of this MIS modality is in domestic animals. Two reports of 
arthroscopy in giraffe—one of arthroscopic treatment of a metacar- 
pophalangeal joint injury and osteochondral fragment,” and the 
second of exploratory arthroscopy in the femorotibial joint of a 
giraffe with an avulsion fracture of the peroneus tertius origin—have 
been published.” Arthroscopy has also been reported in the Drom- 
edary camel,”” alpaca, and llama.” With the increased longevity of 
zoo animals and the associated needs for diagnosis and management 
of geriatric conditions such as osteoarthritis, arthroscopy is likely to 
be increasingly performed in individual zoo animals in future. 
Arthroscopy also has a potential role to play in the diagnosis of some 
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FIGURE 72-1 Method of tying the Meltzer extracorporeal locking knot. This knot is useful for biop- 
sies in laparoscopic and thoracoscopic surgery, as well as for ligation of vascular pedicles and struc- 


tures. (Copyright Zoological Medicine Ltd.) 


dysplastic joint diseases that may have heritable factors, with subse- 
quent implications for captive breeding. 

Further studies are needed to clarify optimal safe entry sites in 
the joints of different species, particularly in species that markedly 
differ anatomically from domestic animal models and humans. Poor 
site selection for joint entry or lack of experience in the operators 
poses the risk of cartilage and joint damage. In larger animals, as in 
domestic equines, insufflation of the joints with carbon dioxide may 
be helpful in improving visualization.” 


Percutaneous Surgical Interventions 


Interventional procedures include interventional radiology, interven- 
ional cardiology, and ultrasound-guided procedures. Some condi- 
ions that were surgically managed previously are increasingly 
performed via percutaneous techniques, which hold potential appli- 
cations in wildlife species. These include occlusion of patent ductus 
arteriosis, balloon valvuloplasty for pulmonic stenosis, cardiac pace- 
maker implantation, and attenuation of single portosystemic shunts, 
performed under fluoroscopy. These percutaneous techniques are all 
based on the Sildinger technique of vascular access.” The implanta- 
tion of a cardiac resynchronization device in a gorilla has been 
reported,””” and in the future more interventional procedures may 
be used for managing the health and welfare of nonbreeding great 
apes, carnivores, and other charismatic exhibit animals. 
Ultrasound-guided procedures are also replacing surgical proce- 
dures used previously and even other more invasive MIS techniques 
such as laparoscopy in some applications. Much of the initial research 
on wildlife laparoscopy was focused on its applications in assisted 
reproduction, such as examination of ovaries, artificial insemination, 
and oocyte retrieval.” These applications of laparoscopy are increas- 
ingly being replaced by ultrasonography, transcervical insemination, 
and transvaginal ultrasound-guided fine-needle techniques. Trans- 
rectal ultrasound-guided oocyte recovery has been performed in 
white and black rhinoceroses, ” in which, as in other megaverte- 
brates, laparoscopic access to the ovaries is not easily achieved.””” 


Other Endosurgical Techniques 


Other rigid and flexible endoscopic modalities may be used for both 
diagnostic and operative applications, although only a small number 
of reports of their operative use in vvildlife have been published. 
Operative rhinoscopy has been used to remove obstructing nasa 
polyps in a chimpanzee ” and a California sea lion.”” Endoscopy, in 
conjunction with fluoroscopy, may be used to apply temporary or 
permanent stents. Urethral stenting, in conjunction with laser litho- 
tripsy, has been used in a bottlenose dolphin” and an Asian small- 
clawed otter.” Bilateral urethral stenting in a Guinea baboon has 
been reported in the management of urethral strictures caused 
by endometriosis that occurred after an ovariohysterectomy.’ The 
author is unaware of any reports of permanent stenting for trachea 
collapse in zoo animals, but the technique appears feasible in many 
mammalian species, should it be needed. 

Natural orifice transluminal endoscopic surgery (NOTES) has 
been investigated for its potential for truly “scarless” surgery in 
human abdominal surgery. Transvaginal and transgastric cholecys- 
ectomies have been performed in humans, as an alternative to lapa- 
roscopy or open surgery. However, the use of NOTES in human 
surgery is still highly controversial and has only been performed in 
a small number of cases. Besides studies in laboratory animals, 
NOTES has been investigated experimentally in domestic horses for 
standing bilateral ovariectomies with reasonable initial technical 
results. Transvaginal laparoscopy for oocyte retrieval was investi- 
gated in a black rhinoceros,” as a potential alternative to flank lapa- 
roscopy, but the technique was problematic and has been replaced 
by other less invasive methods such as an ultrasound-guided 
fine-needle transrectal technique, "° which appears safer and more 
feasible. 

Cosmesis is the main reason for the development of NOTES 
in human surgery and is of little concern in wildlife patients. The 
need for expensive specialist equipment such as double-channel 
operative flexible endoscopes; difficulties in monitoring surgical 


entry sites in the stomach, rectum, or vagina postoperatively; 
increased technical difficulty and increased procedure time; and 
ongoing controversy over its safety and benefits in humans make it 
unlikely that NOTES will find much application in wildlife surgery 
in the near future. 


CURRENT KNOWLEDGE 


Evidence for the advantages of MIS in domestic animals is increas- 
ing, ” but further research is still needed to better establish an evi- 
dence base for the safe, relevant, and ethical application of MIS 
echniques in captive and free-ranging wildlife patients. The current 
iterature on MIS in wildlife species consists largely of concept trials 
and case reports and is likely to have an unintentional positive pub- 
ication bias. Type II error, that is, not meeting sample size require- 
ments, is a particular limitation in surgical trials, even in human 
medicine. 

The large sample sizes needed to demonstrate statistical signifi- 
cance of low-frequency adverse events is problematic in wildlife 
surgery, with the relatively small numbers of procedures performed. 
Preemptive power calculations highlight how difficult it would be to 
perform a randomized controlled trial to demonstrate the reduced 
complication rates in wildlife MIS compared with open surgical 
techniques. Demonstration of a 50% reduction in baseline risk from 
20% to 10% would require a total study group of 438 individuals. 
Demonstration of a more modest improvement, or a lower frequency 
event requires even larger numbers: Demonstration of a 50% reduc- 
tion in baseline risk from 2% to 1% would require a study group of 
5030 individuals; and demonstration of a 10% reduction in baseline 
risk from 20% to 18% would require a study group of 12,278 indi- 
viduals.’ At least for the foreseeable future, the evidence base for 
wildlife surgery, including MIS, is likely to continue to be based on 
small feasibility trials, case series, case reports, and anecdotal experi- 
ence. The profession needs to debate on and determine the ethics of 
what is not only possible but also reasonable. Increasing surgical 
capabilities make correction of numerous congenital abnormalities 
and other previously untreated conditions feasible, but the possibil- 
ity of unknown heritable components and the implications for the 
genetic viability of captive populations of endangered animals 
require consideration. 


Cognitive Bias in Wildlife MIS 


Cognitive bias caused by heuristics and subsequent errors in decision 
making need to be recognized in wildlife MIS.°' Veterinary surgeons 
able to perform MIS may inadvertently be subject to the risk of 
“technology bias,” or “law of the instrument,” which is summed up 
by Maslow as follows: “If the only tool you have is a hammer, every- 
thing looks like a nail.” All surgery, even MIS, is invasive and carries 
risks of adverse consequences for the patient. A 2010 study in the 
British Journal of Surgery found that not only were a significant 
number of human elective surgery patients not better a year after 
elective surgery, 17% actually suffered worse pain than before 
surgery, and 14% had less function than before surgery. ” This indi- 
cates that approximately 1 in 7 human elective surgery patients are, 
in fact, worse off a year later after the surgery. No comparable veteri- 
nary data are available, but it is uncertain whether veterinary surgical 
patients fare any better. It is strongly recommended that wildlife 
surgical decisions be routinely discussed with nonsurgical colleagues, 
o evaluate if a procedure is technically feasible and if it, in fact, is 
indicated, carries a reasonable likelihood of a successful outcome for 
he patient, and another equally applicable nonsurgical option is not 
available. Without this consideration, everything may start to resem- 
ble “a chance to cut being a chance to cure,” rather than “Primum 
non nocere” (“First do no harm”). Auditing surgical outcomes is vital 
o improving surgical skills and reducing complications, as well as 
o improving future surgical decisions. 

MIS being less invasive does not always mean that it is better than 
open surgery. Recent systematic reviews have found no evidence for 
better long-term oncologic or functional outcomes among open 
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FIGURE 72-2 Ligation of the cystic duct, by means of an extracor- 
poreal Meltzer knot, during laparoscopic cholecystectomy in an Asiatic 
black bear rescued from illegal bile farming in Vietnam. (Copyright 
Zoological Medicine Ltd.) 


prostatectomy, laparoscopic prostatectomy, and robotic radical pros- 
tatectomy in men.'*** 

Wildlife surgeons may benefit from surgical research into nonpa- 
ient factors that affect surgery on humans, domestic animals, and 
wildlife equally. Even relatively small changes in surgical practice 
may have a large influence on patient safety and outcomes. 
Under the World Health Organization (WHO) “Safe surgery saves 
ives” initiative, the use of a simple surgical checklist in human 
surgery has been found to reduce surgical complications by 
more than one third and reduce deaths by almost half.” A safety 
checklist modified for veterinary endosurgery can be downloaded 
from http://www.veterinarylaparoscopy.com/Vet endosurgery safety 
checklist.pdf. 

Cognitive bias may also lead to the belief that nevv equipment or 
additional instrumentation vvould improve surgical capabilities and 
the procedures that can be performed, when the procedures may 
not, in fact, be necessary. The author is avvare of several hundred 
laparoscopic cholecystectomies safely and rapidly performed by 
experienced surgeons in human medicine vvorking in developing 
countries, when electrosurgery was not available, simply by carefu 
and meticulous dissection.” When performing laparoscopic chole- 
cystectomies in bears (Figure 72-2), self-tied extracorporeal knots 
may be the only viable option for ligation of the cystic duct, as clips 
are too small and access for 12-mm diameter endosurgical staplers 
is insufficient.” 

In human surgery, some surgeons wish to further improve cos- 
metic results by reducing the number and diameters of ports used 
in MIS procedures. This has culminated in the controversial “scarless 
surgery” approaches of the natural orifice transluminal endoscopic 
surgery (NOTES) previously mentioned, as well as single incision 
aparoscopic surgery (SILS). SILS is performed by inserting a single, 
arge, multiple-instrument cannula via the navel, with the resulting 
umbilical scar remaining hidden after surgery. The improved cos- 
metic result comes at the cost of several other compromises. The 
incision and body wall deficits are larger, at least 2 to 3 cm, and 
carry a greater risk of developing postoperative hernias and other 
complications. Visualization and instrument angulation are mark- 
edly more restricted, with limited ability to mobilize tissues; this 
results in notable increases in surgery times, requires greater techni- 
cal skills from the surgeon, and results in increased surgical risks. 

Some reported veterinary SILS procedures are only from proof- 
of-concept technical feasibility studies, without strong evidence 
regarding patient benefit or safety to justify many applications in 
wildlife surgery. SILS may perhaps have a role to play in the removal 
of large, firm organs such as the spleen in carnivores or in nephrec- 
tomy, when a morcellator is not available or the tissue is not 
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FIGURE 72-3 Small fur clip in a Eurasian beaver for laparoscopy, 
requiring a return to water within 24 hours of surgery. The author now 
performs laparoscopy in this species without clipping the fur. (Copy- 
right Zoological Medicine Ltd.) 


amenable to pulping in a rip-proof impervious bag (E-sac, Espiner 
Medical), followed by suction or piecemeal removal from the exte- 
riorized neck of the bag via a slightly enlarged standard port site 
wound. In many mammals, a liver lobectomy (performed by means 
of an extracorporeal knot) can be effectively performed by this 
means. In wildlife patients, a single, larger wound is generally less 
desirable than several smaller incisions because of the increased risks 
of wound interference, complications, and herniation. 

Emphasis is commonly placed on the small wounds and reduced 
postoperative pain in veterinary MIS. However, the enhanced magni- 
fied visualization, access to parts of the body and structures difficult 
o visualize in open surgery, provision of excellent illumination, and 
ability to perform less traumatic and more physiologic surgery in 
MIS are also of considerable value to the wildlife surgeon. Reducing 
the invasiveness of surgical procedures through different MIS tech- 
niques should not, however, be accomplished at the cost of increased 
risks to the patient.”” 


Potential Advantages of MIS in Wildlife 


MIS techniques do potentially hold additional advantages when 
applied to captive and free-ranging wildlife species. In wildlife 
patients, postoperative care and monitoring is difficult, and it may 
not be possible to restrict postoperative activity at alL””” In social 
primates, separation from the group after surgery may adversely 
affect group stability and behavior and result in fighting and injury 
or death on reintroduction of the operated individual. Primates 
undergoing MIS procedures may be more rapidly returned to their 
normal enclosures and groups, which results in minimal social 
disruption.” 

In aquatic species such as pinnipeds, an early postoperative 
return to the water may be desirable, so small water-resistant wounds 
are ideal.” In these cases, the use of 36-cm length, 3-mm diameter 
mini-laparoscopy instruments (Logi, Surgical Innovations; MiniLap, 
Karls Storz), and even 2.3-mm diameter percutaneous needle access 
instruments (MiniLap, Stryker) are advantageous. In addition, 
animals such as otters and beavers, which rely on their fur for water 
proofing and limiting body heat loss, may have surgery with a 
minimal clip, or even no clipping; thorough cleaning and disinfec- 
tion of fur, clear adhesive drapes, and care not to inadvertently 
introduce fur into the incisions at port entry or closure are all impor- 
tant. The author has performed laparoscopy in 25 Eurasian beavers, 
which were returned with unrestricted access to water within 12 
to 24 hours postoperatively, without adverse effects noted’? 
(Figure 72-3). 

When operating under less than ideal conditions such as in 
animal enclosures, outdoors, or in makeshift theatres in the field 


FIGURE 72-4 Minimally invasive surgery carries less risk of postop- 
erative infection when operating in less ideal environments such as 
(A) an off-show area (for a jaguar), (B) an enclosure, with hay bales 
used as a surgery table (for a reindeer), (C) a shed in a field as a 
makeshift operating theater (laparoscopy in a Eurasian beaver). (Copy- 
right Zoological Medicine Ltd.) 


(Figure 72-4), small MIS wounds help reduce the risks of wound 
contamination and infection both intra-operatively and postopera- 
tively. Some other general advantages and disadvantages of MIS are 
listed in Box 72-1. 


SPECIFIC RISKS OF MIS 
Safe Laparoscopic Access 


Despite numerous notable advantages, MIS techniques such as lapa- 
roscopy and thoracoscopy carry some injury risks specific to this 


BOX 72-1 Benefits and Disadvantages of 


Minimally Invasive Surgery, Based on 
Human and Domestic Animal Studies 


SOME BENEFITS OF MIS 


* 
* 


* 


Reduced postoperative pain 
Shorter postoperative 
recovery 

Low dehiscence risk 
Reduced postoperative care 
requirements 

Magnified visualization of 
target organs 

Smaller wounds 

Reduced tissue trauma and 
inflammation 

Accurate minimal 
hemostasis 

More accurate “physi- 


SOME DISADVANTAGES 0F MIS 


* 


... 


Equipment setup cost 
Steep learning curve 

Lack of tactile feedback 

Not suitable for all patients 
or procedures 

Risk of MlS-specific injuries 
Need for occasional conver- 
sion to open surgery 
İncreased procedure time 
and costs for some 
procedures 

High cost of specific 
consumables 

Delayed recognition of 
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ologic” surgery 

¢@ Positive curatorial, keeper, 
public, and media 
perception 


bowel injury 


MIS, Minimally invasive surgery. 


type of surgery and must be taken into consideration. The greatest 
MIS-specific surgical risk is in achieving safe access (entry) at the 
start of MIS procedures, commonly underestimated by novice sur- 
geons.’'*° The merits and risks of different abdominal access tech- 
niques in both human and veterinary laparoscopy continue to be 
debated. Despite strongly held personal opinions and experiences, a 
Cochrane collaboration systematic review found no clear evidence 
for any one technique being safer than another.' It is recognized, 
however, that adverse events in surgery are underreported in the 
literature. 

Access may be open (a small incision into the abdomen, followed 
by port placement); blind (blind entry into the abdomen with a sharp 
trocar, normally after blind insertion of a Veress needle to insufflate 
he abdomen); or optical (using a laparoscope to assist entry, either 
with or without prior abdominal insufflation with a Veress needle). 
Many veterinary surgeons prefer performing MIS with blind access, 
using a Veress needle or an optical cannula (Ternamian EndoTip, 
Karl Storz). 

In trials with different access techniques, in cadavers as well as 
in surgeries in a wide range of wildlife species, injuries may occur 
with any of the techniques, although the incidence and injury type 
and severity have differed. Even supposedly atraumatic cannulas 
may cause severe entry injuries. The author caused an inadvertent 
arge bowel puncture with a Ternamian EndoTip (Karl Storz) in an 
adult chimpanzee as well as a similar injury in a guinea pig. The 
high incidence and extent of abdominal wall adhesions in chimpan- 
zees makes entry problematic in some individuals, irrespective of the 
technique selected. 

The authors personal preference in the majority of mammals is 
for a modified open approach to access, through the caudal umbilical 
scar. This is the thinnest part of the abdominal wall, and entry can 
normally be achieved even in morbidly obese bears without notable 
difficulty. Incising through the caudal aspect of the umbilicus also 
helps avoid inadvertent entry into the often large, fat-filled falciform 
ligament seen in many carnivores. In the majority of cases, it is pos- 
sible to make an incision in the linea alba, which is smaller than the 
cannula to be inserted. The body wall is lifted and the cannula 
inserted with a blunt-tipped trocar, which results in a gas-tight seal 
for insufflation. Some surgeons use a conical adaptor or a Hasson 
cone, which fits into an incision larger than the cannula diameter to 
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prevent gas leakage and can be sutured in position to the skin or the 
subcutus. Alternatively, a single suture or a surrounding purse-string 
suture may be placed for the same purpose, as needed. An exception 
is in adult pinnipeds, in which the author uses blind access after 
insufflation with a Veress needle. In reptiles and amphibians, the 
author favors open access in a paramedian or lateral location, which 
avoids the ventral midline vein. In birds, open access may similarly 
be created by means of blunt dissection of the body wall after skin 
incision, with curved mosquito hemostats. 

The National Health System in the United Kingdom requires new 
general surgeons to use open access for laparoscopy, considering the 
risks of major vascular trauma from blind entry. Most human surgical 
authorities recommend open access in patients undergoing laparos- 
copy during pregnancy as well as in patients with abdominal adhe- 
sions or a heavily scarred abdomen from previous surgery. If blind 
access is used, it is preferable to incise the skin before introduction 
of a Veress needle or sharp trocars to reduce the force needed for 
insertion and to reduce the potential of traumatizing underlying 
organs such as the bowel or the spleen. 

It is strongly advised that a brief inspection of the area be per- 
formed immediately beneath the initial cannula and the Veress 
needle, if used, immediately after inserting the laparoscope, as this 
offers the best chance of detecting any entry injuries to the bowel 
before they are hidden by organ movement. After this, a brief visual 
examination of the entire abdomen and organs is performed, irre- 
spective of the target organ and procedure planned, to detect any 
other unexpected asymptomatic pathology such as neoplasia of the 
liver. The other ports for instrumentation may then be inserted under 
visual control with the laparoscope. Transillumination in smaller and 
medium-sized animals allows better visualization and avoids the 
subcutaneous vessels, and the laparoscope can be used to visualize 
and avoid structures such as the bladder and inferior epigastric 
vessels. A repeat brief visual examination is made of the entire 
abdomen and organs at the end of the procedure before deflation of 
the abdomen and port closure, to again check for inadvertent hidden 
injuries or unexplained hemorrhage. 


Other MIS-Specific Risks 


Inadvertent bowel injuries incurred during laparoscopy also carry 
MIS-specific increased risks. Because of the more physiologic nature 
of MIS, postoperative peritoneal and systemic inflammatory responses 
are less than in open surgery. This is a benefit under normal condi- 
ions, but it is a problem in cases of bowel trauma, as it results in 
an important delay in the manifestation of clinical signs. This results 
in a poorer prognosis and higher mortality rate in these cases com- 
pared with cases of unrecognized bowel trauma in open surgery, as 
these injuries are notably further progressed before detection. The 
most frequent causes of laparoscopic bowel injury in humans are 
Veress needle punctures, sharp trocar injuries, and thermal injuries 
from electrosurgical instruments, and the small intestine is most 
frequently affected.” 

Thermal injuries to the bowel and other sensitive structures in 
the vicinity of an operative site (such as nerves, vessels, and sper- 
matic cord in proximity to the internal inguinal ring) may occur 
irrespective of the electrosurgical modality employed, whether it is 
a monopolar, bipolar, tissue feedback bipolar (Ligasure, Covidien; 
Enseal, Ethicon Endosurgery, Thunderbeat, Olympus), or ultrasonic 
scalpel (Harmonic ACE, Ethicon Endosurgery; Sonicision, Covidien; 
Sonicbeat/Thunderbeat, Olympus). The tips of all electrosurgical 
instruments become hot with use and may inadvertently cause 
thermal injuries to the bowel, which are easily missed if care is not 
taken. These injuries may result in delayed perforations 24 to 48 
hours later, with late onset of clinical signs and a poorer prognosis, 
as already mentioned. 

Monopolar surgery carries further risks related to insulation fail- 
ures as well as poor contact with the ground plate leading to patient 
burns. This is a particular risk in small mammals with thick fur, 
which acts as an insulator, as well as in birds. Radiosurgery frequency 
units (Surgitron, Ellman International) may help reduce this risk. 
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Monopolar electrosurgery is still an extremely useful modality 
despite these risks and remains the mainstay of procedures such as 
laparoscopic cholecystectomy in humans, but its safe use requires 
knowledge and understanding of electrosurgical safety principles. 

Another MIS specific injury risk is from “out of sight” injuries. 
These are injuries that occur in the abdomen behind the tip of the 
endoscope and are hence unseen. In addition to inadvertent thermal 
injuries from electrosurgical instruments, trauma may occur from 
nonvisualized instrument entry through ports. This is a particular 
risk in thoracoscopy with resultant lung puncture, which, if missed, 
may result in life-threatening postoperative pneumothorax. Should 
ung puncture be diagnosed during thoracoscopy, an affected section 
of lung should be ligated with a Meltzer knot suture loop. Prevention 
of these injuries requires, when possible, insertion of instrument 
ports away from the surgeon in front of the endoscope port so that 
instrument entry is best visualized during procedures. 


Endoscope Selection 


The diameter of the laparoscope selected often on the basis of 
availability or the advantages of a slightly smaller wound size, but 
these considerations may not always be applicable. Although smaller- 
diameter instruments and the resultant slightly smaller wounds are 
considered advantageous, it is worth considering the trade-off 
between a small reduction in wound size and light transmission as 
well as image quality, and the effect of biopsy forceps size on diag- 
nostic tissue yielded, as illustrated in Tables 72-1 and 72-2. It is 
possible to get fixated on “minimizing” the minimally invasive nature 
of endosurgery, and it is questionable if reducing the laparoscope 
diameter to decrease a port site wound by 3 mm offers much physi- 
ologic advantage to a medium- or large-sized carnivore or primate 
in terms of pain and wound healing, especially when compared with 


Different Endoscope Diameters and Effect 
on Endoscope Tip Area 


Percentage Percentage 
Surface Area Area Compared Area Compared 

Endoscope of Endoscope with 5-mm with 10-mm 
Diameter Tip (xr’) Endoscope Endoscope 
2.7 mm 23 mm? 29% 7% 
3 mm 28 mm° 35% 9% 
5mm 79 mm? 100% 25% 
10 mm 314 mm? 397% 100% 


Note: These measurements do not directly equating to illumination and 
image size, but are adequate to illustrate the concept. 
mm, Millimeter; mm, millimeter squared. 


Illustrative Comparisons of MIS Biopsy Sizes 


Percentage of Volume in 


Biopsy Illustrative Biopsy Comparison with 5-mm 
Diameter Volume (d) Biopsy Volume 
5mm 125 mm* 100% 

3mm 27 mmš 22% 

1.7 mm (5Fg) 5 mms 4% 


These are not actual biopsy forceps sample measurements, and used 
purely for illustrative purposes to demonstrate the marked reduction in 
diagnostic sample volume with small changes in instrument diameter. 

MIS, Minimally invasive surgery; mm, millimeter; mmš, millimeter cubed. 


large wounds from open surgery. The selection of a small-diameter 
laparoscope may result in poor visualization or longer duration of 
anesthesia to complete a procedure, and smaller-diameter biopsy 
forceps may result in a missed histopathologic diagnosis. Good visu- 
alization is one of the main aims and advantages of endosurgery. 
Thirty-degree endoscopes have the added advantage of allowing a 
wider field of view, when rotated, confer the ability to see around 
corners, are more comfortable to hold for long abdominal proce- 
dures, and are essential for adequate visualization during thoracos- 
copy. Zoom lenses on endoscopy cameras cannot compensate for 
poor illumination. 


Environmental Impact of Disposable Instruments 


Increasing numbers of human surgeons and hospitals are attempting 
o limit or reduce their use of single-use, disposable surgical instru- 
ments for environmental reasons, and wildlife veterinary surgeons 
should ideally aim to do the same. When necessary, many single-use 
instruments may be sterilized for reuse with ethylene oxide or 
paraformaldehydel””” to reduce their adverse impact on the 
environment. 


CLINICAL APPLICATIONS OF MIS IN WILDLIFE 
Diagnostic Laparoscopy 


Diagnostic, or exploratory, laparoscopy and organ biopsy are espe- 
cially useful in captive wildlife, considering the limitations of other 
diagnostic modalities in wildlife species and the limited availability 
and high cost of advanced imaging modalities such as computed 
omography (CT) and magnetic resonance imaging (MRI). Laparo- 
scopic biopsy of the liver, pancreas, mesenteric lymph node, kidney, 
and spleen are all accomplished relatively easily. Organs such as the 
pancreas ideally require loop ligation. Kidney biopsies in species 
with a unilobular kidney are performed by Tru-Cut needle biopsy of 
he cortex, or, in multilobular species such as pinnipeds and ceta- 
ceans, via dissection, loop ligation, and resection of a single lobe.'!*’ 
Mesenteric lymph node biopsy is accomplished by stabilization of 
he lymph node with forceps, to prevent tearing of the mesentery 
with loss of the vascular supply to a section of bowel. The lymph 
node capsule is then incised with scissors, before biopsy forceps are 
inserted via the incision. This prevents the occurrence of severe 
crush artifacts. Full-thickness intestinal biopsies can be easily per- 
ormed as laparoscopy-assisted procedures, in which the section of 
bowel to be biopsied is exteriorized through an enlarged port site, 
aking care not to crush the bowel. This serves to isolate the biopsy 
section outside the abdomen, with minimal risk of abdominal con- 
amination, and facilitates leakage testing before the bowel is returned 
o the abdomen. 


Operative Laparoscopy 


The reports of both elective and emergency operative procedures, 
other than reproduction related, are still relatively few in wild 
mammals. 5 11:9355537 Many wildlife species not only have differing 
anatomies from humans and domestic animals but also suffer from 
very different pathologies and diseases requiring surgery. Available 
instrumentation and techniques for humans may not be directly 
applicable to wildlife patients (Figure 72-5).*° Differences in pathol- 
ogy and anatomy results in the potential for novel applications of 
MIS techniques that are not indicated in humans or domestic animal 
species. Applications may even be unique to a particular location. 
The author has performed a successful laparoscopy-assisted ven- 
riculoperitoneal shunt placement in an adult Asiatic black bear 
with hydrocephalus, under field conditions in South East Asia 
(Figure 72-6). The country’s legislation prohibited killing of listed 
wildlife species, including bears, with no legal exception for eutha- 
nasia on welfare grounds. The procedure was performed in an effort 
to improve the individual animals welfare in the specific rescue 
center situation. In most countries, this compromised welfare situa- 
tion likely, and sensibly, would have been resolved by humane 
euthanasia. 
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Use of a 5-mm articulated retractor (LogiFlex, Surgical 
Innovations) (A) to retractthe rumen in a reindeer to perform alaparoscopy- 
assisted cryptorchidectomy. Note the limited space for visualization and 
vvorking, typical in cases involving recumbent large ruminants (B). (Copy- 
right Zoological Medicine Ltd.) 
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Laparoscopy-assisted placement of a ventriculoperitoneal shunt for treatment of 
hydrocephalus in an adult Asiatic black bear in South East Asia. (Courtesy of Matt Hunt, Free The 


Bears.) 


Reproduction Management 


The use of laparoscopy in assisted reproductive techniques has been 
the most reported application in wildlife” although advances in 
fields such as ultrasonography and endocrinology have reduced its 
application in more recent times, with the advent of less invasive 


alternatives such as transcervical and ultrasound-guided needle tech- 
niques for insemination and oocyte and embryo collection.” 
Sterilization via MIS has increased in scope and range of species, 
with laparoscopic vasectomies having been performed in African 
elephants. ° Laparoscopic tubal ligations and laparoscopic vasectomy 
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FIGURE 72-7 Laparoscopic vasectomy in a capuchin using 3-mm 
instrumentation. Note the ease of visualizing the vas in the abdomen. 
(Copyright Zoological Medicine Ltd.) 


are useful in controlling reproduction in captive wildlife. Preserva- 
ion of gonadal production of hormones results in maintenance of 
normal behavior and no disruption of social hierarchy, which is 
particularly useful in large primate groups. Gonadal hormones also 
maintain normal desirable secondary sexual characteristics such as 
he mane in lions and the fur colors of gibbon species. This may be 
altered or lost if animals are castrated or ovariectomized. Laparo- 
scopic vasectomy in primates carries the further advantages of being 
rapid to perform; the vas is very easily visualized in the abdomen 
(Figure 72-7), in contrast to open vasectomies; and wound interfer- 
ence is minimal, in contrast to the frequent postoperative wound 
interference and complications that can occur with open vasec- 
omy.“ “” Laparoscopic, or laparoscopy-assisted, castration may be 
performed not only in cryptorchid males.” Retraction of testes into 
the abdomen is possible in some species such as pinnipeds that do 
not have a true scrotum. The author has castrated a sub-adult Cali- 
fornia sea lion by using this method. 

Tubal ligation cannot be performed in species such as many 
carnivores, which are prone to developing uterine disorders as a 
sequela. When ovariectomy is performed in these cases or when 
alterations in behavior are required, care must be taken in deciding 
between laparoscopic ovariohysterectomy and laparoscopy-assisted 
ovariohysterectomy. Despite ovariohysterectomy being a major, more 
technically demanding procedure, it should be considered in cases 
with a risk of uterine pathology, for example, older multiparous 
carnivores, lagomorphs, and some primates at risk of developing 
endometriosis. 


REFERENCES 


1. Ahmad G, Duffy JMN, Phillips K, Watson A: Laparoscopic entry tech- 
niques. Cochrane Database Syst Rev (2):Art. No.: CD006583, 2008. doi: 
10.1002/14651858.CD006583.pub2. 

2. Ali MM, Abd-Elnaeim M: Arthroscopy of the fetlock joint of the drom- 
edary camel. Vet Comp Orthop Traumatol 25(3):192-196, 2012. 

3. BBC: 2011. http://www.bbc.co.uk/news/world-asia-pacific-12952474. 
Accessed February 2013. 

4. Bohm RP Jr, Rockar RA, Ratterree MS, et al: A method of video-assisted 
thoracoscopic surgery for collection of thymic biopsies in rhesus monkeys 
(Macaca mulatta). Contemp Top Lab Anim Sci 39(6):24—26, 2000. 

5. Bush M, Seger SWJ, Wildt DE: Laparoscopy in zoo mammals. In 
Harrison RM, Wildt DE, editors: Animal laparoscopy, Baltimore, MD, 
1980, Williams and Wilkins, pp 169-182. 

6. Case JB, Marvel SJ, Boscan PB Monnet EL: Surgical time and severity of 
postoperative pain in dogs undergoing laparoscopic ovariectomy with 
one, two, or three instrument cannulas. J Am Vet Med Assoc 239(2):203— 
208, 2011. 


PART V © GENERAL ZOO AND WILD ANIMAL TOPICS 


10. 


ll. 


12. 


13. 


1: 


20. 


21. 


22. 


23. 


24. 


25. 


20. 


27. 


28. 
29. 


. Chang DC, Yu PT, Easterlin MC, Talamini MA: Demystifying sample-size 


calculation for clinical trials and comparative effectiveness research: The 
impact of low event frequency in surgical clinical research. Surg Endosc 
27:359-363, 2013. 


. Cook RA, Stoloff DR: The application of minimally invasive surgery for 


the diagnosis and treatment of captive wildlife. In Fowler ME, Miller RE, 
editors: Zoo and wild animal medicine: Current therapy, ed 4, Philadelphia, 
PA, 1999, Saunders, pp 30-40. 


. Dallwig RK, Langan JN, Hatch DA, et al: Bilateral hydronephrosis sec- 


ondary to endometriosis managed by endoscopic ureteral stent place- 
ment in a captive Guinea baboon (Papio papio). J Zoo Wildl Med 
42(4):747-750, 2011. 

Divers SJ: Endoscopy and endosurgery. Vet Clin North Am Exot Anim Pract 
160, 2010. 

Dover SR, Van Bonn W: Flexible and rigid endoscopy in marine 
mammals. In Dierauf LA, Gulland FMD, editors: CRC handbook of marine 
mammal medicine: Health, disease, and rehabilitation, Boca Raton, FL, 
2001, CRC Press, p 621. 

Dumonceaux GA, Lamberski N, Clutter D, et al: Treatment of bilateral 
nasal polyposis and chronic refractory inhalant allergic rhinitis in a 
chimpanzee (Pan troglodytes). J Zoo Wildl Med 28(2):215-219, 1997. 
Fauquier D, Gulland EF, Haulena M, Spraker T: Biliary adenocarcinoma 
in a stranded northern elephant seal (Mirounga angustirostris). J Wildl Dis 
39(3):723-726, 2003. 

Ferronha F Barros E Santos VV, etal: Is there any evidence of 
superiority between retropubic, laparoscopic or robot-assisted radical 
prostatectomy? Int Braz J Urol 37(2):146-158, discussion 159-160, 
2011, 


15. Freeman LJ, editor: Veterinary endosurgery, St. Louis, MO, 1999, Mosby, 


pp xv-xvii. 


16. Gracia-Calvo LA, Martin-Cuervo M, Jiménez J, et al: Intra- and postop- 


erative assessment of re-sterilised ligature atlas for orchidectomies in 
horses: Clinical study. Vet Rec 171:2012. 


17. Haynes AB, Weiser TG, Berry WR, et al, Safe Surgery Saves Lives Study 


Group: A surgical safety checklist to reduce morbidity and mortality in 
a global population. N Engl 7 Med 360(5):491—499, 2009. 


18. Hermes R, Goeritz F Portas TJ, et al: Ovarian superstimulation, transrec- 


tal ultrasound-guided oocyte recovery, and IVF in rhinoceros. Therio- 
genology 72(7):958-996, 2009. 


19. Hettlich BE Hobson HP, Ducot TJ, et al: Esophageal hiatal hernia in three 


exotic felines—Lynx lynx, Puma concolore, Panthera leo. J Zoo Wildl Med 
41(1):90-94, 2010. 

Hodgson-Moore A, Ragni R: Clinical manual of small animal endosurgery, 
2012, Wiley-Blackwell Publishing, p 334. 

Kearns KS, Jones MP, Bright RM, et al: Hiatal hernia and diaphragmatic 
eventration in a leopard (Panthera pardus). J Zoo Wildl Med 31(3):379- 
382, 2000. 

Ketz J, Radlinsky M, Armbrust L, et al: Persistent right aortic arch and 
aberrant left subclavian artery in a white Bengal tiger (Panthera tigris). 
J Zoo Wildl Med 32(2):268-272, 2001. 

Kimber K: Diaphragmatic hernias in captive cheetahs (Acinonyx jubatus). 
In Proceedings of the American Association of Zoo Veterinarians, 2001, p 
151. 

Kovvalezyk KJ, Yu HY, Ulmer W et al: Outcomes assessment in men 
undergoing open retropubic radical prostatectomy, laparoscopic radical 
prostatectomy, and robotic-assisted radical prostatectomy. World J Urol 
30(1):85-89, 2012. 

Lhermette P, Sorbel D: An introduction to endoscopy and endosurgery. 
In BSAVA Manual of endoscopy and endosurgery, Gloucester, U.K., 2008, 
BSAVA, pp 1-10. 

Lhermette P, Sorbel D: BSAVA manual of canine and feline endoscopy and 
endosurgery, Gloucester, U.K., 2008, BSAVA, p 300. 

Lubbe AM, Henton MM: Sterilisation of surgical instruments with form- 
aldehyde gas. Vet Rec 140:450—453, 1997. 

Maslow AH: The psychology of science, 1966, Harper & Row, p 168. 
Matheson JS, Gamble KC, Lacasse C: Treatment of unilateral pleural 
effusion in a black and white ruffed lemur (Varecia varecia) with rutin. 
In Proceedings of the American Association of Zoo Veterinarians, 2004, 
p 601. 


20. 


əl, 


32: 


33. 


34. 


35. 


36. 


ən 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45, 


46. 


47. 


48. 


49. 


50. 


Əl, 


Mayhew P: Developing minimally invasive surgery in companion 
animals. Vet Rec 169:177-178, 2011. 

Mayhevv PD, Freeman L, Kvvan T, Brown DC: Comparison of surgical 
site infection rates in clean and clean-contaminated wounds in dogs and 
cats after minimally invasive versus open surgery: 179 cases (2007— 
2008). J Am Vet Med Assoc 240:193—198, 2012. 

Mclatchie G, Borley N, Chikwe J: Oxford handbook of clinical surgery, 
ed 3, Oxford, U.K., 2007, Oxford University Press, pp 300-303. 
Mclatchie GR, Leaper DJ: Operative surgery: Oxford specialist handbooks 
in surgery, ed 2, Oxford, U.K., 2006, Oxford University Press, 
pp 336-341. 

Pader K, Freeman LJ, Constable PD, et al: Comparison of transvaginal 
natural orifice transluminal endoscopic surgery (NOTES®) and laparos- 
copy for elective bilateral ovariectomy in standing mares. Vet Surg 
40(8):998—1008, 2011. 

Parkinson TJ: Progress towards less invasive veterinary surgery. Vet Rec 
171:67-68, 2012. 

Pearce SG, Hurtig MB: Surgical repair of a ruptured cranial cruciate liga- 
ment in a dromedary camel. J Am Vet Med Assoc 215(9):1325-1327, 
1282, 1999. 

Pentecost RL, Niehaus AJ, Santschi E: Arthroscopic approach and intraar- 
ticular anatomy of the stifle in South American camelids. Vet Surg 
41(4):458-464, 2012. 

Peters ML, Sommer M, van Kleef M, Marcus MAE: Predictors of physical 
and emotional recovery 6 and 12 months after surgery. Br J Surg 
97:1518-1527, 2010. 

Pizzi R: Small exotic species endosurgery. In Hodgson-Moore A, Ragni 
R, editors: Clinical manual of small animal endosurgery, 2012, Wiley- 
Blackwell Publishing, pp 273-306. 

Pizzi R: Thoracoscopy. In Hodgson-Moore A, Ragni R, editors: Clinical 
manual of small animal endosurgery, 2012, Wiley-Blackwell Publishing, 
pp 169-208. 

Pizzi R: Welfare and behavioural advantages of keyhole sterilisation of 
New world primates. In Proceedings of the First International New World 
Primate Symposium, Warwickshire, U.K., March 17-18, 2012, Twycross 
Zoo. 

Pizzi R, Brown D, Girling S: Minimally invasive vasectomy in primates: 
Cost-efficacy, welfare, and behavioural advantages, November 10-11, 2012, 
British Veterinary Zoological Society, Edinburgh Zoo. 

Pizzi R, Cracknell J, Carter P: Ante-mortem screening of beavers for 
Echinococcus. Vet Rec 170:293-294, 2012. 

Pizzi R, Cracknell J, Dalrymple L: Postmortem Evaluation of Left Flank 
Laparoscopic Access in an Adult Female Giraffe (Giraffa camelopardalis). 
Veterinary Medicine International vol. 2010, Article ID 789465, 4 pages, 
2010. doi:10.4061/2010/789465. 

Pizzi R, Cracknell J, David S, et al: Laparoscopic cholecystectomy under 
field conditions in Asiatic black bears (Ursus thibetanus) rescued from 
illegal bile farming in Vietnam. Vet Rec 169(18):469, 2011. doi: 10.1136/ 
vr.d4985. 

Pizzi R, Girling S, Bell A, et al: Laparoscopic-Assisted Cryptorchidectomy 
in an Adult Reindeer (Rangifer tarandus). Veterinary Medicine Interna- 
tional vol. 2011, Article ID 131368, 4 pages, 2011. doi:10.4061/2011/ 
131368 

Pizzi R, Seddon C, Liddell C: Minimally invasive surgical access in grey 
seals (Halichoerus grypus) and harbour seals (Phoca vitulina), Ashford, U.K., 
April 2011, British Veterinary Zoological Society (BVZS). 

Portas TJ, Hermes R, Bryant BR, et al: Anaesthesia and use of a sling 
system to facilitate transvaginal laparoscopy in a black rhinoceros (Diceros 
bicornis minor). J Zoo Wildl Med 37(2):202-205, 2006. 

Quesada R, Citino SB, Easley JT, et al: Surgical resolution of an avulsion 
fracture of the peroneus tertius origin in a giraffe (Giraffa camelopardalis 
reticulata). J Zoo Wildl Med 42(2):348-350, 2011. 

Radcliffe RM, Turner TA, Radcliffe CH, Radcliffe RW: Arthroscopic 
surgery in a reticulated giraffe (Giraffa camelopardalis reticulata). J Zoo 
Wildl Med 30(3):416—420, 1999. 

Rossetti RB, Massoco Cde O, Penna AC, Silva LC: An experimental 
study to compare inflammatory response due to liquid or gas joint dis- 
tension in horses submitted to arthroscopy. Acta Cir Bras 27(12):848— 
854, 2012. 


52. Rush EM, Ogburn AL, Hall J, et al: Surgical implantation of a cardiac 
resynchronization therapy device in a western lowland gorilla (Gorilla 
gorilla gorilla) with fibrosing cardiomyopathy. J Zoo Wildl Med 41(3):395— 
403, 2010. 

53. Rush EM, Ogburn AL, Monroe D: Clinical management of a western 
lowland gorilla (Gorilla gorilla gorilla) with a cardiac resynchronization 
therapy device. J Zoo Wildl Med 42(2):263-276, 2011. 

54. Schmitt TL, Sur RL: Treatment of ureteral calculus obstruction with laser 
lithotripsy in an Atlantic bottlenose dolphin (Tursiops truncatus). J Zoo 
Wildl Med 43(1):101-109, 2012. 

55. Seldinger SI: Catheter replacement of the needle in percutaneous arteri- 
ography: A new technique. Acta Radiol 39(5):368-376, 1953. 

56. Shapira Y, Katz M, Ali M, et al: Utilization of murine laparoscopy for 
continuous in-vivo assessment of the liver in multiple disease models. 
PLoS ONE 4(3):e4776, 2009. 

57. Sherrill J, Peavy GM, Kopit MJ, et al: Use of laser rhinoscopy to treat a 
nasal obstruction in a captive California sea lion (Zalophus californianus). 
J Zoo Wildl Med 35(2):232-241, 2004. 

58. Stetter M, Hendrickson DA: Laparoscopic surgery in the elephant and 
rhinoceros. In Miller RE, Fowler ME, editors: Zoo and wild animal 
medicine: Current therapy, vol 7, St. Louis, MO, 2011, Saunders, 
pp 524-530. 

59. Svenson O: Are we all less risky and more skillful than our fellow drivers? 
Acta Psychol (Amst) 47(2):143—148, 1981. 

60. Tams TR, Rawlings CA: Small animal endoscopy, ed 3, St. Louis, MO, 
2011, Mosby, p 696. 

61. Tversky A, Kahneman D: Judgement under uncertainty: Heuristics and 
biases. Science 185:1124—1131, 1974. 

62. van der Voort M, Heijnsdijk EA, Gouma DJ: Bowel injury as a complica- 
tion of laparoscopy. Br J Surg 91(10):1253—1258, 2004. 

63. Varma R, Gupta JK: Laparoscopic entry techniques: Clinical guideline, 
national survey, and medicolegal ramifications. Surg Endosc 22(12):2686— 
2697, 2008. 

64. Walsh PJ, Remedios AM, Ferguson JF et al: Thoracoscopic versus open 
partial pericardectomy in dogs: Comparison of postoperative pain and 
morbidity. Vet Surg 28:472, 1999. 

65. Wickham JE: The new surgery. Br Med J 295:1581—1582, 1987. 

66. Wojick KB, Gamble KC, Slater O, et al: Bilateral ureteral stent placement 
and lithotripsy in an Asian small-clawed otter (Aonyx cinerea) with neph- 
rolithiasis. In Proceedings of the American Association of Zoo Veterinarians, 
2009, p 129. 


SUGGESTED READING 


Abutarbush SM, Carmalt JL: Endoscopy and arthroscopy for the equine practi- 
tioner, 2008, Teton New Media, p 292. 

Barakzai S: Handbook of equine respiratory endoscopy, St. Louis, MO, 2006, 
Saunders, p 144. 

Beale BS, Hulse DA, Schultz K, Whitney WO: Small animal arthroscopy, 
St.Louis, MO, 2003, Saunders, p 256. 

Brearley MJ, Cooper JE, Sullivan M: A colour atlas of small animal endoscopy, 
1991, Wolfe Publishing, p 128. 

Divers SJ: Endoscopy and endosurgery. Vet Clin North Am Exot Anim Pract 
160:2010. 

Fischer AT: Equine diagnostic and surgical laparoscopy, St.Louis, MO, 2001, 
Saunders, p 365. 

Freeman LJ: Veterinary endosurgery, St.Louis, MO, 1998, Mosby, p 384. 

Harrison RM, Wildt DE: Animal laparoscopy, 1980, William and Wilkins, 
p 256: 

Hodgson-Moore A, Ragni R: Clinical manual of small animal endosurgery, 2012, 
Wiley-Blackwell Publishing, p 334. 

Lhermette P, Sorbel D: BSAVA manual of canine and feline endoscopy and endo- 
surgery, Gloucester, U.K., 2008, BSAVA, p 300. 

McCarthy TC: Veterinary endoscopy for the small animal practitioner, St.Louis, 
MO, 2004, Saunders, p 624. 

Mcllwraith CW, Wright I, Nixon AJ, Boening KJ: Diagnostic and surgical 
arthroscopy in the horse, ed 3, St.Louis, MO, 2005, Mosby, p 480. 

Radlinsky M: Veterinary clinics of North America, small animal practice: Endos- 
copy, St.Louis, MO, 2009, Saunders, p 240. 


Ragle CA: Advances in equine laparoscopy, 2012, Wiley-Blackwell, p 360. 
Tams TR, Rawlings CA: Small animal endoscopy, St.Louis, MO, 2011, Mosby, 
p 696. 


WEBSITES 
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www.websurg.com—a human laparoscopic surgery website, with a large 
number of surgery videos, useful in demonstrating principles and tech- 
niques, although the majority of common human procedures are very 
different from those applicable in veterinary patients. 

www.who.int/patientsafety—the World Health Organization site on human 
surgical patient safety, and the original safe surgery checklist, as well as 
other useful documents on learning from errors. 
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One of the penalties of an ecological education is that one lives alone in a 
world of wounds. 


—Aldo Leopold 


The approaches of conservation medicine and One Health are 
well known to zoologic veterinarians, and, indeed, almost everything 
we do professionally fits within the objectives of these approaches. 
However, it is possible that few zoologic veterinarians give sincere 
thought to the underlying global changes that threaten the conserva- 
tion of biodiversity and human health and the historical context 
behind these transformative approaches. In this chapter, both con- 
servation medicine and One Health will be reviewed following a 
brief overview of current conservation and health challenges, which 
were the catalyst behind the establishment of both these initiatives. 
Lastly, the leadership roles of accredited zoos in ex situ and in situ 
conservation programs and more specifically the role that zoologic 
veterinarians play within conservation medicine and One Health will 
be discussed with examples of zoo-led, zoo-supported, and zoo- 
based projects. 


CHALLENGES TO THE CONSERVATION OF 
BIODIVERSITY AND HUMAN HEALTH 


Global challenges that threaten the conservation of biodiversity and 
the health of Homo sapiens are extensive and beyond the scope of 
this chapter. Briefly, these challenges range from the uncertain, but 
very real, impacts on species’ health exerted by global climate change 
to the documented increasing interactions among wildlife, domestic 
animals, and humans, which have resulted in the current concerns 
regarding emerging infectious diseases (EIDs). 

The pressures limiting the long-term survival of many of the 
wildlife species that zoos are dedicated to conserving are largely 


human driven (anthropogenic). These pressures include climate 
change, habitat degradation and fragmentation, introduction of inva- 
sive species, trade in wildlife, and exposure to emerging pathogens, 
all of which are associated with the human population growth, which 
surpassed 7 billion individuals in 2012. In fact, these anthropogenic 
changes have led many to contend that planet Earth is presently in 
a new “Anthropocene” epoch.’ Simply stated, humans are the drivers 
of planetary health. According to recent scientific reports, humans 
have transformed between one third and one half of the land surface 
and now appropriate over 40% of the net primary terrestrial produc- 
tivity, consume 35% of the productivity of the oceanic shelf, and use 
60% of the freshwater run-off each year.” 2:60 What might these 
statistics indicate in terms of resource availability and health chal- 
lenges for the other species that share the planet with humans? 
Additionally, with the estimated 50% increase in human consump- 
tion of animal-based protein by the year 2020, it is inevitable that 
human use of resources will continue to rise.'* Lastly, the estimated 
billions of live wildlife animals and animal products that are traded 
annually also place heavy burdens that threaten the long-term sur- 
vival of species.” In addition to the direct impacts that wildlife trade 
places on the conservation of species, are the less apparent, but 
potentially devastating, impacts associated with cross-species micro- 
bial mixing and exposure to novel microbes that further threaten the 
health of all species, including humans. 

Concurrent with the recognition of the new Anthropocene era 
comes the demonstration by recent analyses that species’ extinctions 
occur at rates of 100 to 1000 times the baseline levels in the pre- 
agricultural era, with these rates increasing steadily.’ For example, 
it is estimated that since 1970, global population sizes of wildlife 
species have decreased by 30%.*' With regard to species decline by 
animal taxa, the species threatened with extinction include 12% of 
birds, 21% of mammals, 30% of amphibians, and 27% of reef- 
building corals.”” Zoologic veterinarians must be cognizant of the 
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current conservation challenges and incorporate this knowledge into 
health programs directed at the conservation of wildlife species, both 
ex situ and in situ, while ensuring human public health. 


HEALTH CARE FOR SPECIES LIVING INA 
WORLD OF WOUNDS 


During the last few decades, an increasing focus has been placed on 
conservation and health approaches, termed conservation medicine 
and One Health. These approaches provide the framework for devel- 
oping the environmental and health solutions necessary to address 
the above challenges. The shift to embrace more holistic approaches 
in ecologic studies, conservation projects, and human public health 
has led to a number of publications that provide definitions and 
examples of both these approaches.” 

Although often presented as new approaches, these initiatives are 
built on centuries of collaborative thought guided by principles 
similar to those that direct much of our conservation medicine and 
One Health work today. This may have been most eloquently phrased 
as early as the 1800s by the physician Rudolf Virchow in his state- 
ment: “Between animal and human medicine, there is no dividing 
line—nor should there be.” In the 1900s, the term One Medicine was 
coined and signaled the beginnings of the conservation medicine and 
One Health initiatives." Early leaders of the movement paved the 
way for the current development of the well-accepted and increas- 
ingly practiced approaches of conservation medicine and One 
Health. 

Conservation medicine as an ecologically driven and conservation- 
minded approach first appeared in the literature in the 1990s.'” 
Although a number of definitions for conservation medicine exist, 
at the core is the realization that the health of environments and the 
animals and the humans within them are intimately related and that 
multiple disciplines are required to better understand and manage 
conservation efforts and disease challenges, which impact all three. 
Conservation medicine may best be defined as a transdisciplinary 
approach to study the relationships among the health states of 
humans, animals, and ecosystems to ensure the conservation of all, 
including Homo sapiens. 7”)? 

Starting in the 2000s, the One Health initiative has become 
widely accepted and increasingly driven by the human medical field, 
although veterinary medicine has embraced this approach as well. 
As the One Health approach gains momentum, it may be important 
to consider how it differs from conservation medicine. One Health 
may be based less on understanding the ecosystems compared with 
conservation medicine. In fact, an early definition of the One Health 
concept stated that this initiative aims to merge animal and human 
health sciences to benefit both.” However, as with conservation 
medicine, a number of recent definitions of One Health do consider 
ecosystems as important as human and animal health. One unifying 
theme has been that One Health is a strategy that strives to expand 
transdisciplinary collaborations and communications to improve 
health care for humans, animals, and the environment.’’ This defin- 
ing theme is rather analogous to conservation medicine. 

It is easy to appreciate that these approaches have many similari- 
ties; both have the objective to improve the health of animals and 
humans while recognizing the constant interplay and growing inter- 
connections among animals, humans, and ecosystems. In fact, One 
Health might be viewed as having evolved from conservation medi- 
cine, triggered by the growing realization that EIDs in humans are 
largely of zoonotic origin.” One Health initiatives now support the 
use of animal and human disease models, as well as the use of 
animals and humans as sentinels for each other to advance the 
understanding of diseases to benefit all animal species and to empha- 
size the need for preventive measures that minimize the spread of 
pathogens across species. “ 

It is more important to develop programs that fit into both 
the conservation medicine and One Health paradigms rather than 
picking either term for describing a program. Zoologic veterinarians 
practice both conservation medicine and One Health. However, it is 


important that all these programs do consider the relationship 
between the health of animals and that of humans, and how envi- 
ronmental conditions play a vital role in the health of all species. In 
he years to come, the tougher challenges for effective conservation 
medicine and One Health approaches may be related to the ethics 
of efforts with different cost-benefit ratios for the different groups of 
interest (i.e., animals, humans, and ecosystems). Significant health 
benefits to one may be at the cost of another. One example may be 
public health measures that involve large scale culling of wildlife in 
an effort to protect human health but which may ultimately result 
in damage to the health of other species, to the ecosystems, and 
possibly to humans as well. As zoologic veterinarians practicing 
conservation medicine and One Health, it is important to remain 
rue to the underlying objectives of these transdisciplinary approaches 
and work to ensure the conservation of biodiversity. 


OPPORTUNITIES FOR ZOOLOGICAL 
INSTITUTIONS 


While the number of species threatened by extinction grows daily, 
accredited zoologic institutions are now being fully recognized as 
conservation organizations. In this chapter, the word accredited will 
refer to the approximately 218 zoos and aquariums accredited by 
the Association of Zoos and Aquariums (AZA), other regional zoo 
organizations, and the approximately 300 organizations accredited 
by the World Association of Zoos and Aquariums (WAZA). The term 
zoologic veterinarian will refer to zoologic and aquarium veterinari- 
ans. Unlike many other conservation organizations, zoos are often 
seen as organizations that work for species survival and that are 
dedicated to the long-term conservation of wildlife species. One 
example is the documentation that of the 68 species which had their 
conservation threat level reduced by the International Union for the 
Conservation of Nature (IUCN), the reduction for 17 (25%) of these 
species was associated with captive breeding efforts at zoologic 
institutions.* 

As accredited zoos are being increasingly recognized for their 
conservation initiatives, it has also become evident that this leader- 
ship role of zoos in the conservation of species developed along 
with advancements in health care that ensured population viability. 
Veterinary sciences, which were previously overlooked as being 
instrumental in the role of zoos in the conservation of species, are 
now seen as imperative for conservation efforts and the long-term 
survival of populations in zoo collections and of free-living popula- 
tions. 177” In fact, one of the key reasons that zoos are successful 
conservation organizations is related to the veterinary care provided 
to animals in collections and to field-based health studies that 
improve conservation efforts and provide comparative health data 
for free-living and collection populations.'' Today, with the push for 
AZA-accredited zoos to dedicate 3% of their revenue to conserva- 
tion, the time is right for zoos to also show their leadership roles in 
conservation medicine and One Health initiatives. In fact, a core 
objective of a zoo conservation program is often to ensure healthy 
wildlife populations and ecosystems without compromising the 
health of humans, and thus the conservation mission of accredited 
zoos fits perfectly within the objectives of conservation medicine 
and One Health. Furthermore, to attain accreditation, zoos must 
have animal care providers and veterinary clinicians on staff. Often 
zoos also have epidemiologists, nutritionists, reproductive physiolo- 
gists, pathologists, endocrinologists, geneticists, education special- 
ists, public relations experts, and animal behaviorists on staff, all 
equipped to advance the conservation medicine and One Health 
objectives. 


Roles of Zoologic Veterinarians in Conservation 
Medicine and One Health 


The education, experiences, and responsibilities of zoologic veteri- 
narians position them as key players in the transdisciplinary 
approaches of conservation medicine and One Health. In fact, 
the role of zoologic veterinarians has been well-represented in 
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conservation medicine over the last 15 years and is now also recog- 
nized in One Health. 11152” Zoos today are much more than simple 
“arks” of protection for threatened and endangered wildlife, and staff 
provide health care and conduct health studies on animals both 
within zoo walls (ex situ) and in the wild (in situ).'' As we move 
forward and strengthen the efforts of zoologic veterinarians in these 
initiatives, it will be important to develop strong relationships 
between successful zoo-based conservation medicine and One 
Health activities across the entire zoologic community and in the 
conservation medicine and One Health communities.” 

The significant contributions of zoologic veterinarians to conser- 
vation medicine and One Health and the benefits that zoos offer to 
both biodiversity conservation and human health may be categorized 
into five roles: (1) providing healthcare for zoologic species, thus 
ensuring sustainability of biodiversity; (2) conducting studies on 
diseases of conservation concern; (3) understanding diseases in zoo 
wildlife as sentinels for emerging diseases of humans and animals in 
surrounding areas; (4) performing surveillance of diseases in wild 


FIGURE 73-1 The roles of zoologic veterinarians in conservation 
medicine and One Health. 
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animals at the interface of wildlife, domestic animals, and humans; 
and (5) making contributions to the fields of comparative medicine 
and the discovery of all life forms (Figure 73-1 and Box 73-1). 


Providing Healthcare for Zoo Wildlife to Ensure Sustainability 
of Biodiversity 

Accredited zoos have succeeded in their efforts to bring some species 
back from the brink of extinction for many intersecting reasons. One 
reason is the advances in veterinary care, including preventive and 
herapeutic care to minimize the negative impacts of infectious and 
noninfectious diseases. Similar to public health programs (e.g., vac- 
cination and proper nutrition) that were instrumental in the human 
population reaching beyond seven billion individuals, these veteri- 
nary health care methods have been essential for the propagation of 
species. Now as wild spaces are being reduced and free-living wild- 
ife often live within habitats that are little more than large zoos, 
hese veterinary advancements, many of which are first developed 
with zoo collection animals, are also being used for the long-term 
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BOX 73-1 The Role of Zoologic Veterinarians in Conservation Medicine and .One Health 


Reintroduction programs with healthy zoo-bred animals 


Role Examples 

Providing health care for zoo wildlife, $ Captive breeding programs 
thus ensuring the sustainability of * 
biodiversity * 


conservation 

Conducting studies on diseases of 
conservation concern 

Diclofenac poisoning 


Tasmanian devil disease 
Understanding diseases in zoo wildlife Avian influenza 
as sentinels for emerging diseases 
of humans and animals Chronic wasting disease 
Tuberculosis 


West Nile virus infection 
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Surveillance of disease in wild animals 
at the interface of wildlife, domestic 
animals, and humans 


Veterinary care of zoo animals that serve as healthy ambassadors for public support of 


Canine distemper virus infection 
Chytridiomycosis in amphibians 


Elephant endothelial herpes virus infection 


Baylisascaris procyonis infection 


Most accredited zoos fund or conduct health programs throughout the world. A few examples: 
1. Cleveland Metroparks Zoo 
2. Global Health Program of Wildlife Conservation Society 


3. Saint Louis Zoo Institute for Conservation Medicine and WildCare Institute 


4. San Diego Zoo Global 


5. Smithsonian National Zoo 


Contributing to the field of comparative 
medicine and the discovery of all life 
forms v 


projects 


Most accredited zoos work with medical and veterinary universities on comparative medicine 


Many accredited zoos work with genomic laboratories to better categorize the microbiome 
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survival of populations in the wild.'' Lastly, a number of reintroduc- 
tion programs such as those for black-footed ferrets, red wolves, 
Hawaiian songbirds, and freshwater mussels have resulted in the 
propagation of species at accredited zoos and successful placement 
back in the wild (http://www.aza.org/reintroduction-programs/). The 
successes of these (and many other) reintroduction programs were 
only possible when health challenges were appropriately addressed 
within the reintroduction plans in conjunction with other important 
program components. 


Conducting Studies on Diseases of Conservation Concern 
Zoos conduct studies to better understand the clinical impacts, epi- 
demiology, and pathology of diseases that have population impacts 
and, in some cases, species-level impacts. Diseases in wildlife species 
have now been documented to impact the survival of species with 
both population extirpations and even species extinctions.”” Many 
of the infectious diseases that threaten the long-term survival of 
wildlife species, including fibropapillomatosis in sea turtles, chytrid- 
iomycosis in amphibians, canine distemper in a number of carni- 
vores, and Ebola virus in humans and animals are studied by zoologic 
health professionals.”” Disease-related conservation challenges are 
not solely linked to infectious diseases, possibly best exemplified by 
the near-extinction of three Gyps spp. in India associated with the 
use of an anti-inflammatory drug in livestock.” Whether infectious 
or noninfectious, diseases may have impacts on multiple scales, 
affecting individuals (fitness costs), populations (population size and 
connection), communities (changes in species composition), and 
ecosystems (structure, function, and resilience).” The epidemiology, 
pathology, and clinical implications of many of these significant 
disease challenges are studied extensively by zoo health profession- 
als, both in situ and ex situ.””” These scientific investigations are 
often turned into conservation actions implemented by zoos to mini- 
mize the negative impacts identified by these studies. 

Benefits gained from these zoo-led studies are many and include 
the sustainability of biodiversity, which may help ensure the continu- 
ation of ecosystem services provided by biodiversity such as the 
prevention of disease. The recently recognized “dilution” effect, in 
which a larger assembly of species (increased biodiversity), each with 
different disease susceptibilities, may minimize emerging infectious 
diseases of humans and other animals, is a great example of how 
zoo-based studies to better manage diseases of conservation concern 
may have broad-reaching, cross species health implications. 


Understanding Diseases in Zoo Wildlife as Sentinels 

for Emerging Diseases of Humans and Animals 

Animals cared for in accredited zoos include a variety of nondomes- 
tic species, with differing susceptibilities to infectious and noninfec- 
tious diseases. These zoo animals provide a sentinel system for the 
regions where they are housed. Animals in accredited zoos receive 
veterinary care, documented in medical records, and contribute to 
blood and tissue banks, both of which offer a sustainable epidemio- 
logic monitoring system that may be beneficial for animal and public 
health. One example is the Lincoln Park Zoo Davee Center for Epi- 
demiology and Endocrinology, which coordinates national efforts of 
accredited zoos in the United States to serve as sentinels by testing 
and monitoring for zoonotic disease outbreaks. 

A well-known example of zoo animals serving as sentinels is the 
detection of West Nile virus (WNV) at a zoo in New York State, 
which led to the zoo community alerting other human and animal 
health communities to the arrival of this vector-borne pathogen to 
the New VVorld.””” The network of accredited zoologic parks in the 
United States and Europe now have surveillance programs for zoo- 
notic pathogens such as avian influenza virus and WNV linking zoos 
and effectively covering continents.*’’ Additionally, many zoos in 
North America have surveillance programs for urban wildlife on and 
near zoo grounds for zoonotic pathogens such as rabies virus and 
Baylisascaris procyonis. Lastly, with the sophisticated record keeping 
capabilities of these institutions, along with the careful pathologic 
evaluations at necropsy, the ability to better understand trends in 


potential noninfectious health concerns shared by animals and 
humans (e.g., cancers and toxins) is also explored at zoologic institu- 
tions. Veterinary staff members at accredited zoos often have ties 
with doctors in human medicine, thus ensuring communication of 
comparative findings from zoo animals and human patients in the 
region. This collaborative work between the human and veterinary 
medical fields may serve as an early warning system for diseases of 
concern for both animals and humans. 


Surveillance of Disease in Wild Animals at the Interface 

of Wildlife, Domestic Animals, and Humans 

Staff members of accredited zoos conduct conservation studies 
that give zoos a global footprint. For example, an overlay of 
113 WAZA-branded projects with documented biodiversity and 
emerging disease hotspots demonstrates that this footprint includes 
regions of significant conservation and human health concerns 
(Figure 73-2).'*'°°° The often long-term commitments to field con- 
servation and research from these zoo-led programs provide a means 
for zoo staff to perform health surveillance studies that may include 
species of conservation interest and sympatric species. A number of 
these in situ studies also have a human health component, as many 
of the pathogens of interest are zoonotic and may spillover and 
spillback among wild populations, domestic animals, and humans 
sharing the habitat.” 


Contributing to the Field of Comparative Medicine and the 
Discovery of All Life Forms 

Comparative medicine, a long-established field within both the vet- 
erinary and human medical professions, is based on comparisons 
and contrasts of the anatomy, physiology, and pathophysiology of 
diseases of humans and other species. Advances in human medicine 
are largely from comparative studies based on animal models. Today, 
growing applications of human studies promote understanding 
of the diseases of animals (e.g., cancers, arthritis) and the use of 
sentinel animals and humans for the health of each other.” The role 
zoos play in the field of comparative medicine was underutilized 
in the past; however, it is now being increasingly documented. 
Zoos and the animals in their care are important in comparative 
medicine studies and have gained crossover appreciation by both 
veterinary and human medical professionals and a general nonmedi- 
cal audience.”” 

In biodiversity conservation, much emphasis has been placed on 
the long-term survival of vertebrate species, with lesser emphasis on 
invertebrate conservation and even less on the conservation of 
microorganisms. However, without microorganisms, biodiversity 
would not exist. Species are metagenomic in that they are composed 
of their own gene complements and those of all their associated 
microbes. Each species—in fact, each individual—is known to have 
unique “microbiomes.” One study of the bacterial 16S ribosomal 
RNA gene sequences from a variety of zoologic animals demon- 
strated that host diet and phylogeny both influence bacterial diver- 
sity while adding new microbial species to the list of life forms on 
Earth.*! Accredited zoos, with their collections of diverse species and 
their outreach across the globe through studies on free-living wildlife 
populations, can, and must, contribute to the exploration of the 
diversity of life at the microbial level. 


CONCLUSION 


In this chapter, roles that zoologic veterinarians have to contribute 
within conservation medicine and One Health approaches were 
discussed. Zoologic veterinarians will continue to serve as key 
players dedicated to the conservation of biodiversity and as health 
care providers for animals, ecosystems, and humans. They also 
will fully participate in conservation medicine and One Health initia- 
tives. In addition to these roles, zoologic veterinarians must be 
educators, disseminating the message about the health continuum 
that exists among people, animals, and the ecosystems that support 
biodiversity. 
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FIGURE 73-2 The global footprint of in situ programs branded by the World Association of Zoos and 
Aquariums, vvhich are found in many of the Earth”s biodiversity and emerging disease hotspots. 
(Map modified from data presented in Myers et al., 2000, Jones et al., 2008; and Gusset and 


Dick, 2010.) 1526 


During the past decades, as conservation medicine and One 
Health initiatives gained global support, the conservation and health 
challenges that engendered these approaches have also continued to 
grow. The increasing evidence of global climate change impacts, 
including the hottest year in recorded history for the United States, 
EID issues with the worst year of human West Nile virus cases in 
the United States, and the documentation of increases in the illegal 
trade in wildlife species all clearly demonstrate these challenges. 
The need for practicing conservation medicine and One Health 
approaches and bringing these efforts into the mainstream has never 
been more pressing, and zoologic veterinarians are in a key position 
o meet this need. 

Since the 1990s, ecologists have embraced the conservation med- 
icine movement, with disease ecology recognized as an important 
new subspecialty within the study of ecology. In the past few years, 
the human medical establishment has become increasingly aware of 
he link between human and animal health and the need to approach 
human health in a more ecologic context. It is imperative that zoo- 
ogic veterinarians continue to be active participants in these efforts 
and that they work on projects that ensure the health of all—the 
animals in their direct care, the humans that interact with these 
animals, and the habitats that sustain all life on Earth. 
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Tuberculosis (TB) and other mycobacterial diseases remain a difficult 
issue for veterinarian and zoo stakeholders to deal with. Regulatory 
requirements may give very broad obligations for prophylactic 
screening but are rarely precise enough to allow adequate follow-up 
with every zoo animal. Meanwhile, the risk of silent transmission 
between zoo animals and humans remains a real concern, as several 
cases of transmission are still reported every year from zoos and other 


institutions keeping captive wild animals all over the world.!!°77??"° 


Within the last 5 years, more than 19 peer-reviewed publications 
dealt with single or grouped TB outbreaks in zoo settings, and more 
than 50 peer-reviewed publications were about the application of 
diagnostics methods in various wild animal species, " this confirms 


that the research and tools currently available are improving greatly. 
It is imperative that zoo and wildlife clinicians have a basic under- 
standing and access to these reference materials to choose between 
all recent methods and apply and interpret them properly. Although 
mycobacterial diseases will likely remain a challenge because of their 
complex pathophysiology, the zoo and wildlife practitioner has a 
larger, developing array of diagnostic options for both TB and 
non-TB mycobacterial screening. Most of the time, an indirect test 
alone is meaningless if it is not combined with clinical examination, 
direct screening, and with another indirect assay. Combinations of 
tests always improve the accuracy of TB diagnostics, as long as paral- 
lel tests that are independent of each other are chosen. 
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DIRECT TEST 


Although culture remains the gold standard to confirm the presence 
of mycobacteria, several tools are now available to get information 
indicating the presence of mycobacteria more quickly. Culture may 
be accelerated with the use of custom broth media associated with 
automated microbacteriologic detection systems such as the BACTEC 
Microbacteria Growth Indicator Tube (MGIT), which can produce 
results in 6 weeks with Mycobacterium tuberculosis or M.bovis..” Myco- 
bacterium DNA (deoxyribonucleic acid) sequences may also be 
revealed by molecular amplification techniques, which are now 
broadly available and have improved sensitivity values compared 
with those existing 10 years ago.** Genotyping techniques are useful 
in understanding the epidemiologic origin and transmission of 
mycobacterial infections,’** and those techniques may sometimes 
be applied on raw samples (biopsies, fluids), prior to culture results, 
as long as sufficient mycobacterial DNA quantity is present. Intermit- 
tent shedding’ and low amounts of mycobacteria in internal fluids 
are likely to lower the sensitivity of the test, even if the molecular 
technique has excellent intrinsic sensitivity. Frequent collection such 
as repeated trunk washes in elephants” is a way to overcome this 
limitation. The selection of an ideal sample should be based on clini- 
cal examination.” Direct detection of mycobacteria in peripheral 
blood is a technique that is used especially for the diagnostic of 
extrapulmonary disseminated forms of TB.”” This technique demon- 
strates a sensitivity of 50% to 809677” and has been recently applied 
in deer to investigate M. bovis or M. tuberculosis infection’ by using 
duplex and multiplex polymerase chain reaction (PCR) methods 
applied on EDTA (ethylenediaminetetraacetic acid) blood samples. 


INDIRECT TEST 
Cell-Mediated Immunity 


One of the most common antemortem indirect tests used over the 
years is the intradermal tuberculin skin test (TST), but its limitations 
have been already described in many wildlife species.”” Interferon 
gamma release assays (IGRAs) are now being used in veterinary 
medicine” as an alternative to TST (Table 74-1). These tests 
measure in vitro cytokine (interferon-gamma [IFN-y]) production by 
live lymphocytes contained in a fresh blood sample while exposed 
to selected mycobacterial antigens. The IGRAs measure the presence 
of an adaptive immune response to M. tuberculosis antigens and are 
thus only an indirect measure of exposure.’' The first advantage is 
that they are in vitro tests, which removes some of the variability of 
in vivo tests. Secondly, these tests could be further modified to bring 
more specific information by exposing blood cell samples to selected 
specific antigens from any Mycobacterium species. However, IGRAs 
have their own limitations that must be kept in mind when ordering 
them or interpreting their results.” The animal IGRAs available com- 
mercially (e.g., Bovigam or Primagam) do not have positive controls, 
so they must then be selected and added into the tests by the opera- 
tor.” The choice of this mitogen will influence the result, as all 
interpretations of flowcharts are based on comparisons between the 
amounts of IFN produced by negative controls, antigens, and posi- 
tive controls. A great discrepancy exists between mitogen stimulation 
abilities, according to the animal species,” so the clinician should 
ask the reference laboratory about the molecule used as positive 
control or even suggest it according to the literature. 

In commercial kits, enzyme-linked immunosorbent assay (ELISA) 
is used to detect the IFN-y of cattle (Bovigam) or certain primate 
species (Primagam). As indicated in Tables 74-2 and 74-3, ELISA 
may be able to detect IFN-y from a broader range of species.” More- 
over, use of a monoclonal IFN antibody designed for the targeted 
animal species may be used” within these commercial IGRAs to 
improve the test quality (Table 74-4). RNA (ribonucleic acid) 
sequences coding for IFN-y primers are now available for a wide 
range of animal species,””. with gene expression in peripheral blood 
mononuclear cells (PBMCs) of cattle’ or elephants” used to distin- 
guish infected animals from noninfected animals. 


j Examples of Mitogens to Be Used as Positive 
Controls for IGRAs in Some Primate Species 


Relative Amount of Gamma 
Interferon Released By 
Stimulation of Each Mitogen 


PHA ConA PWM SEA SEB 


Pan troglodytes - 


Hylobates leucogenys ND + 
Gorilla gorilla 


Chlorocebus aethiops ND 


Cecropithecus neglectus 


Trachypithecus auratus H + 
auratus 


Trachypithecus obscures — ND + 
ND _ _ _ _ 


Lemur catta 


Varecia variegate 
Eulemur fulvus albifrons + ND _ ND ND 
Macaca fascicularis _ ++ _ ND + 


Macaca silenus 


Macaca nemestrina + 
Macac mulatta _ + ND ND + 
Mandrillus sphinx D 
Callithrix Jaccus ND ND D 
Pongo pygmaeus : l : 
Saimiri sciureus + ND D 


Ateles geofroyi 


Leontideus rosalia 


ConA, concanavaline A; IGRA, interferon gamma release assay; ND, not 
done; PHA: phytohemagluttinin; PWM, pokeweed; SEA, staphylococcal 
enterotoxin A; SEB, staphylococcal enterotoxin A. 

+ = Absorbance reading >0.15. 

++ = Absorbance reading 0.15-0.50. 

+++ = Absorbance reading 0.50-0.75. 

++++ = Absorbance reading >0.75. 

— = Absorbance reading<0.15. 

From Schroeder, B. “Primagam®—The Primate IFN-y Test.” Deutsches 
Primatenzentrum. Web. Accessed December 23, 2014. <http://www.dpz 
.eu/fileadmin/content/Infektionspathologie/Bilder/Dokumente/ 
SCHROEDER 9620TB 9620FORMAT %20Cop_Korr.pdf> 


Humoral Immunity 


Some animal species seem to present a strong, early, and persistent 
humoral component of their immune response to mycobacterial 
infections.” Several assays, including lateral flow technology, that 
may be performed at the zoo premises are now available.” Unique 
or multiplex ELISA or fluorescence polarization assays* targeting 
various mycobacterial surface proteins must be run in a laboratory. 
Measurement of humoral response requires only serum, which may 
be obtained from a serum bank, as these antibodies can remain stable 
in frozen serum for a number of years. When used as such, they 
could be helpful to trace the epidemiologic origin of TB infection 
and transmission over time.””” 

Serologic tests have several limitations. First, the technique used 
to reveal antibody must not cross-react with the target animal species. 
Immunodominant antigens and respective antibody titers may vary 
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according to animal host species, mycobacterial species, and the 
stage of the mycobacterial infection. Some seroreactive TB antigens 
are now documented in species such as primates.” 

Lack of knowledge of precise dominant antigens may be over- 
come by multiplex tests that assess reactivity to a large panel of 
antigens at once. This technique is used in all “rapid tests” (STAT 
PAK and Dual Path Platform DPP), in which a single result, reflected 
as a test band, may express reactivity to one or several antigens. In 
other multiplex tests such as ENFERPLEX TB”” or multi-antigen 
print immunoassays (MAPIA), reactivity to each individual antigen 
is readable individually. 


Boosting Immunologic Answer to 
Enhance Sensitivity 


Stimulation of both cell-mediated immunity and humoral immunity 
by injection of mycobacterial antigens such as purified protein deriv- 
atives (PPDs) or recombinant antigens has been used to elicit a 
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greater reaction to subsequent testing by provoking an anamnestic 
rise of the immunologic response.” Usually, this effect may be 
detected several days after antigen(s) injection and may last for 
several weeks. Individuals without TB infection typically do not 
express this increased response, and the difference between pre- 
booster and postbooster responses should remain within the vari- 
ability ranges for these animals.” This technique has been used to 
enhance the sensitivity of IGRAs,” and serologic assays.'’ However, 
the real effect of a booster is still being debated by some authors,” 
as an anamnestic rise is not always obviously distinctive from test 
variability. Moreover, the amount of tuberculin used to launch the 
booster effect is still rather empiric. A nonspecific inflammatory 
stimulation caused by the injection of foreign immunostimulant 
proteins may occur and then mimic an anamnestic rise, producing 
false-positive results and thus decreasing specificity. This is especially 
common in cytokines release assays. Therefore, use of the booster 
effect should be restricted to species for which sufficient knowledge 


TABLE 74-2 
Method of Detection Test Sample Species Pro Con 
Direct cellular PCR Fluids (urine, BAL, All Molecular techniques Contamination with other 
immunity discharges) environmental 
Biopsies mycobacteria 
Histology slides 
PCR Blood Screens mycobacterial Mycobacteria itself rarely 
antigens of highly present within 
disseminative forms circulation 
Culture Biopsies, frozen Gold standard method Test turnaround is lengthy 
tissues, fluids Delay could be shortened 
by use of enhanced 
methods (see text) 
Stain Biopsies, fluids Inexpensive Limited by intermittent 
shedding 
Indirect cellular Single tuberculin Soft, naked or shaved NHP, Bo Reduced cost Poorer sensitivity and 
immunity skin test visible skin area. specificity 
Should not be Discrepancy among 
exposed to high tuberculin 
temperature Dosage is often empiric 
variation or external Reading test may require 
inflammation immobilization at 48-72 
causes hours 
Comparative NHP, Bo, Cv Enhanced specificity: Reading test may require 
tuberculin skin could differentiate immobilization at 48-72 
test Mycobacterium avium hours 
or non-tuberculosis 
mycobacterial infection 
IGRA Whole fresh (<8 h) Bo, some Marketed for primates Experimental rhinos and 
blood on heparin OWM, Rh and cattle. felids 
Cattle test could be used Not applicable to all 
with success in a lot of primates 
Bovidae and Giraffidae Short viability of sample 
Indirect humoral ELISA Serum Ta, El, Cv, Test antibody to broad Cross reactivity to 
immunity Rh, Bo antigens (filtrate) or non-targeted species 
very specific ones may confound results 
(ESAT6, CFP10....) Host must mount humoral 
Retrospective analysis response 
Rapid Lateral Whole blood Bo, some Field use, results within Host must mount humoral 
Flow Assays Serum (fresh or OVVM, El, 20 min response 
frozen Rh, Fe, Bo Retrospective analysis 


pı ....oA.-n,K,A,A,,NA-A-N--C“-“-N ee ee ee eS SS 
BAL, Bronchoalveolar lavage; EL/SA, enzyme-linked immunosorbent assay; /GRA, interferon gamma release assay; NHP, nonhuman primate; OWM, Old 
World monkey; Bo, Bovidae; Cv, Cervidae; EL, elephant; Fe, felids; Pi, pinnipeds; PCR, polymerase chain reaction; Ta, tapir; Rh, rhinoceros. 

From Schroeder B: Presented at Deutsches Primatenzentrum 01.12.2010 PrimagamThe Primate IFN-y Test, Deutsches Primatenzentrum, Prionics AG; 
Wagistr 27A, 8952 Schlieren, Switzerland. Accessed December 23, 2013 http://www.dpz.eu/filadmin/content/Infektionspathologie/Bilder/Dokuments/ 
SCHROEDER%20TB%20FORMAT %20Cop_Korr.pdf. 
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TABLE 74-3 
ELISA 

“Monkey” “Human” 
Species Interferon-Gamma Interferon-Gamma 
Macaca rhesus + _ 
Macaca fascicularis + _ 
Macaca nemestrina 
Papio sp. + + 
Cercocebus athys + ND 
Aotus sp. + + 
Callithrix jacchus == + 
Saimiri sciureus ND + 
Pan troglodytes ND + 


a ee 
ELISA, Enzyme-linked immunosorbent assay; ND, not done. 

+ = detection/binding of species interferon. 

— = detection failed. 

From Mabtech. “Human/Monkey cross-reactivity info.” Mabtech AB 2013. 
Web. Accessed December 23, 2014. <www.mabtech.com/Main/ 
Page.asp? Pageld=41> 


on IGRA exists and should ideally be performed in association with 
testing of negative control animals for comparison of effects. 


SPECIES UPDATES 
Camelids 


M. bovis and M. tuberculosis are able to infect all camelids, but M. 
microti is of special concern in South American camelids (SACs), as 
a “llama type” of this Mycobacterium species exists. In SACs, a com- 
bination of antibody screening and custom-designed IGRA has been 
used successfully to identify infected animals.” It should be noted 
that the commercial IGRA Bovigam does detect camelid IFN-y.'° 
Neither serologic nor IGRA kits alone seem to have a sensitivity 
greater than 70%, but combinations of both can be adequate for 
proper detection of infected animals (Table 74-2). 


Elephants 


Asian (Elephas maximus) and African (Loxodonta africana) elephants 
in captivity are frequently affected by TB and other mycobacterial 
diseases. In the United States, between 1994 and July 2012, TB was 
detected in 55 elephants. M. tuberculosis was isolated from 51 Asian 
elephants and 3 African elephants, and M. bovis was cultured from 
one African elephant. Thirty-five cases were diagnosed before death 
and 20 after death. Elephants are believed to be a species similar to 
humans in that TB infection may involve a latent stage.” Increasing 
the frequency of trunk washes” and using adjusted methods of DNA 
extraction” should be coordinated to enhance the effectiveness of 
direct screening. Among the current US population of 246 Asian 
elephants, the estimated prevalence of TB is 18% versus 2% in the 


TABLE 74-4 
Commercial IGRA 
Brand Name Experimental IGRA 
Mitogen Used Mitogen Used 
Stimulation Antigens (PPD) or — Stimulation Antigens (PPD) or (Re) Serologic Assay 
Species (Re)combinant (ESAT6, CFP10) combinant (ESAT6, CFP10) Commentt 
Cattle: Domestic and wild Bovigam 
(buffaloes, watusis) ConA 
Pokeweed 
PPD 
Giraffes Bovigam” ELEPHANT STAT PAK 
ConA 
Pokeweed 
PPD 
Bovinae, including Bovigam° Elephant TB STAT PAK”? 
Tragelpahinae ConA 
Pokeweed 
PPD 
Reduncinae, including Bovigam® 
Kobus sp. ConA 
Pokeweed 
PPD 
South American camelids Based on pan-species IFN-y ELISA ENFERPLEX 
Pokeweed°° Vet TB STATPAK 
PPD + REC DPP® 
Rhinoceroses Under development” Elephant TB STAT PAK?? 
MAPIA ° 


Elephants 


Under development”) 


Elephant TB STAT PAK?” 
ELEPHANT DPP ® MAPIA? 
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TABLE 74-4 


Commercial IGRA 
Brand Name 


Mitogen Used 
Stimulation Antigens (PPD) or 


Experimental IGRA 
Mitogen Used 
Stimulation Antigens (PPD) or (Re) 


Serologic Assay 


Species (Re)combinant (ESAT6, CFP10) combinant (ESAT6, CFP10) Commentt 
Baboons Primagam PRIMATB STAT PAK 
ConA”? 
PHA 
PPD 
Macacas Primagam PRIMATB STAT PAK 
ConA°° 
PHA, SEB 
PPD 
Gorillas Primagam PRIMATB STAT PAK 
Quantiferon Gold 
T SPOT TB° 
PPD + REC 
Orangutans Primagam PRIMATB STAT PAK 
Quantiferon Gold 
T SPOT TB® 
PPD + REC 
Chimpanzees Primagam 
Quantiferon Gold 
T SPOT TB® 
PPD + REC 
Pinnipeds Elephant TB STAT PAK® 
DPP 
MAPIA”? 
Tapirs Elephant TB STAT PAK® 
DPP 
MAPIA® 
Deers Based on pan-species IFN-y ELISA or on 
IFN mRNA sequences detection 
by PCR 
Pokeweed 
PPD + REC 
Meerkats Elephant TB STAT PAK”” 
DPP MAPIAĞ? 
Felidae Based on monoclonal lion IFN-y antibody Vet TB STATPAK”” 


PMA 


Elephant TB STAT PAK’ 


PPD + REC 
Not yet to confirm culture positive animals 


*Recently used in several zoo species with confirmation of culture positive findings. 


TBold = commercial; Italic = experimental/out of species range. 


ConA, Concanavaline A; DPP, dual-path platform, EL/SA, enzyme-linked immunosorbent assay; /FN-y, interferon-gamma; /GRA, interferon-gamma release 
assay; /GRA, interferon gamma release assay; MRNA, messenger ribonucleic acid; PCR, polymerase chain reaction; PHA: phytohemagluttinin; PPD, puri- 


fied protein derivative; REC, recombinant. 


204 African elephants. With such prevalence, predictive values of 
serologic assays are high. Seroreactivity usually develops months to 
years prior to culture-based diagnosis and also wanes gradually in 
successfully treated elephants” and rhinoceroses./” This offers a con- 
venient real-time monitoring tool for prognosis and response to 
treatment as well as detecting recrudescence of infection through a 
rise in antibody level after post-treatment decline.” This monitoring 
tool is also potentially valuable to examine environmental factors that 
may have allowed the original infection to occur or factors such as 
vitamin D deficiency, which may allow a latent infection to become 
active.” 

In-house IGRAs using monoclonal IFN antibodies are still under 
development for elephants.” Cellular immunity plays an important 
role in the physiopathology of TB infection in elephants and may 


also be assessed by measuring several cytokines in peripheral blood 
samples.” 


Nonhuman Primates 


In nonhuman primates (NHPs), TB infection is often caused by M. 
tuberculosis and M. bovis in Old World monkeys, and New World 
monkeys may be infected by M. microti as well, through transmission 
via rodents.” However, recently discovered species from the TB 
complex may also infect apes,” which suggests a wide sensitivity of 
NHPs to all mycobacteria from the complex. Active TB and associ- 
ated shedding of bacteria may be investigated by bronchoalveolar 
lavage (BAL) sampling, but mouth swabs may also be used as samples 
to perform culture, stains, and PCR.”” 
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Indirect diagnostic of TB in primates historically relies on assess- 
ment of cellular immunologic status through an intradermal TST. 
The intradermal TST is still the most commonly used and the only 
method approved by Institute of Laboratory Animal Research and 
the Centers for Disease Control and Prevention (ILAR/CDC) for 
tuberculosis testing of animals in import quarantine.’ However, the 
usual amount of tuberculin used in primate TSTs to elicit proper 
delayed hypersensitivity reaction is noticeably very high; 2000 tuber- 
culin units of bovine PPD or 1500 units for old mammalian tuber- 
culin, compared with the only 2 tuberculin units of PPD RT23 used 
in humans. These high doses of antigens could increase interference 
with the outcome of the test by eliciting a nonspecific local inflam- 
matory process and thus produce false-positive results. 

Humoral screening may also be performed in NHPs. A commer- 
cial rapid lateral flow test is available (PrimaTB STAT PAK) and was 
primarily validated for use on rhesus macaques (Macaca mulatta), 
cynomolguses (Macaca fascicularis), and African green monkeys (Cer- 
copithecus aethiops sabacus).” Application to other nonhuman pri- 
mates must be done with cautious interpretation of the results, as 
sensitivity and specificity values are not available for species other 
than these three validated species. IGRAs have been used in various 
species of primates, but the parameters of the IGRA should be care- 
ully chosen according to the primate species to be tested. Mycobac- 
terium antigens used for stimulation will influence the specificity of 
the test. The final results may vary according to the chosen combina- 
tion,” so choices have to be made on the basis of current information 
and cut-offs, based on risk assessment and goals of the screening, 
have to be defined and known. 


Carnivores 


In natural settings, carnivores may play a role as either reservoirs or 
spill-over hosts for mycobacteria, especially badgers’'*! and lions 
for M. bovis. A new species of Mycobacterium belonging to the TB 
complex, Mycobacterium mungi, has been recently discovered from 
TB outbreaks among banded mongooses.”” Antemortem diagnostic 
techniques reported to successfully diagnose TB from carnivores are 
mainly direct ones. BAL,” upper respiratory cavity mucosal sam- 
pling,’ or even breathing air analysis” have been used to diagnose 
TB in carnivores. However, it should be noted that in felids, the 
likelihood of respiratory lesions caused by mycobacterial infections 
is low.” 

Specially designed IGRAs have been used in domestic cats” and 
lions.” Use of these recently created IGRAs for animals in high-risk 
environments or within groups of known infected cohorts has been 
helpful in canids” and felids,” but IGRAs for some species such as 
lions are still under development. M. tuberculosis infections have 
already been associated with rapid serologic assays seropositivity in 
some felids species such as lions” and jaguars. °° 


Pinnipeds 

Mycobacterium pinnipedii, belonging to the TB complex, is the most 
common pathogen causing TB in sea lions, seals, and even dolphins. 
Among those marine animals, the South American sea lion (Otaria 
byronia) seems to be the most at risk, mainly because of sequential 
importations of infected wild animals in the early 1980s to the 1990s 
from Chile and Uruguay. The European Association of Zoos and 
Aquaria (EAZA) Taxon Advisory Group flowchart'* for the diagnosis 
of TB in pinnipeds includes direct examination methodologies such 
as culture, stains, and PCR on BAL fluids, computed tomography 
(CT), and serologic testing. Feedback from the field seems to suggest 
that some serological assays such as dual-path platform (DPP) assays 
have a better sensitivity than STAT PAK. However, none of these tests 
has been studied with a large enough sample size compared with 
culture, so the results should be interpreted with caution. Addition- 
ally, the aquatic environment of these species is likely to expose them 
to many environmental (waterborne) mycobacteria, and this may 
interfere with any outcome of indirect testing. Therefore, a single 


seropositivity with one serologic assay should raise concerns and 
initiate further screening. 


Tapirs 

TB has been reported in all species of tapirs, both in the wild and 
in captivity. Their ground foraging behavior places them at risk of 
contact with mycobacteria in soil and may increase their baseline 
immune response to antigen stimulation, thus lowering the specific- 
ity of indirect tests. Diagnostic flowcharts” recommend direct exam- 
ination methodologies such as BAL fluid culture and PCR, serologic 
assays such as STAT PAK and ELISA, and skin testing (comparative 
avian and bovine PPD). Direct examination on swabs and fluids has 
already been reported to recover M. tuberculosis strain from live 
tapirs.” 
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It has been 13 years since West Nile virus (WNV) first appeared in 
North America. Although some progress has been made in the 
understanding of its neurotropism, pathogenicity, modes of trans- 
mission, and species susceptibility, many unanswered questions 
remain about this resourceful and devastating virus. It is not hard to 
see how much has changed by just looking back at what was believed 
in 1999. At that time, it was thought that WNV could only be spread 
through the bite of a mosquito; that it usually caused a mild febrile 
and self-limiting infection; that only the very young and very old 
were at risk of developing neuroinvasive disease that affected only 
the brain; that mammals were dead-end hosts. By 2002, everything 
that had been said about WNV had to be reevaluated. By then, it 
had been shown that WNV could, in fact, be spread by many routes 
other than mosquito bite:”” that even mild infections might not be 
benign and may cause long-term sequelae such as fatigue and cogni- 
tive deficits;’ that other risk factors might be involved in develop- 
ment of West Nile neuroinvasive disease (VVNND), that patients with 
WNND could also present with poliomyelitis’ and serious long- 
term deficits such as Parkinsonism-like disorders; that mammals 
are not necessarily dead-end hosts and may play a role in the epide- 
miology of WNV spread; and so on. And we are still learning. 
Steele et al.” described WNV infection and illness in a number 
of avian zoo species in 2000 and suggested that species other than 
crows were susceptible. Although corvids are certainly excellent 
sentinels for WNV the list of known susceptible avian species is now 
lengthy.”” We also now know that species as diverse as alligators,” 
polar bears, ° reindeer, ” harbor seals and gray seals, ” killer whales,” 
Barbary macaques,”' and psittacines** may succumb to VVNV infec- 
tion. Ducks, which had been believed to be resistant to WNV infec- 
tion, have also experienced die-offs.’> Unusual cutaneous lesions 
were described in American alligators.”” Species other than crows 
such as blue jays and sparrows'’’” have emerged as good indicators 
of VVNV activity. Mammals such as fox squirrels (Sciurus niger), 


eastern chipmunks (Tamias striatus),** and eastern cottontail rabbits 
(Sylvagus floridanus)” have been found to develop viremias sufficient 
to infect mosquitoes and may play a role in the epidemiologic spread 
of WNV in urban environments. WNV infection has also had sig- 
nificant impacts on raptors. Clinical and pathologic findings have 
been described elsewhere.” Raptors also emerged as an excellent 
surveillance tool. In one study, raptor admissions to rehabilitation 
clinics took place 14 weeks earlier than other surveillance 
methods.””” Ophthalmologic lesions were described both in 
humans” and birds, ” and this led to the development of a rapid, 
safe sampling method in crows called the “intraocular cocktail” that 
involves inserting a needle through the cornea and vigorously scrap- 
ing the intraocular contents, aspirating them, and processing the 
material for nucleic acid extraction.” Feather testing has also proven 
useful.” Mosquito saliva was found to enhance VVNV infection in 
mice bitten by Culex tarsalis, which suggests that it exerts a local 
effect.” 

Steele et al.” also demonstrated abundant VVNV antigens in the 
kidneys and intestinal tracts of infected zoo birds and suggested that 
direct horizontal transmission might be taking place among birds. 
Demonstration of antigen in ovarian and testicular tissue also hinted 
at the possibility of vertical transmission. We now know the virus 
may be transmitted directly bird to bird.” Studies have demonstrated 
oral and cloacal shedding of WNV,* which ultimately led to the 
development of a rapid diagnostic test used by many zoos and health 
departments across the nation.” ””6) VVNV may also be spread via 
oral transmission, via breast milk,’ via the intrauterine route,’ 
and via organ transplantation” and blood transfusions. Perhaps the 
fact that, as shown by experimental studies in primates,” hamsters,” 
and mice,' WNV may persist for months in infected animals is of 
greatest concern. Most recently, human studies have confirmed that 
viral persistence is present years after infection and is associated with 
the development of chronic kidney disease.” What this means for 


humans or animals has yet to be elucidated, but viral persistence 
may be associated with well-documented long-term sequelae seen in 
people. 

The majority of recent literature has focused on the molecular 
biology of WNV. This chapter will summarize some of the recent 
work in that area, as well as information on viral persistence, long- 
erm sequelae, and recent vaccine efforts. 

In the past decade, much has been learned about the structure 
of the WNV virion. The VVNV virion has several key structural pro- 
eins: the capsid protein C that binds viral ribonucleic acid (RNA), 
he premembrane (prM) protein that blocks premature viral fusion; 
and an E protein that mediates viral attachment, membrane fusion, 
and viral assembly. The majority of neutralizing antibodies are 
directed against regions of the E protein, although a subset likely 
recognizes prM.” The virion also has nonstructural proteins that 
regulate viral transcription and replication and attenuate host anti- 
viral responses.” In 2002, a new strain of WNV emerged, but it 
differed from the NY99 strain in the envelope (E) protein at amino 
acid 159 (WNV02).'’ This is now the dominant genotype in North 
America. This single amino acid change has led to increased intensity 
of transmission of VVNV and rapid geographic expansion. ° 

How VVNV crosses the blood-brain barrier (BBB) and whether 
central nervous system (CNS) damage is caused by direct viral infec- 
tion, indirectly by the hosts immune response, or both, is a question 
that has been the subject of many studies.” 1011979999297 907 Entry 
into the CNS is most likely through hematogenous spread with the 
help of tumor necrosis factor-alpha (TNF-a) and matrix metallopro- 
teinases (MMPs), which increase the permeability of the BBB. °° 
Adhesion molecules on the vascular endothelium and leukocytes 
play important roles in controlling entry into the CNS. Intercellular 
adhesion molecule 1 (ICAM-1) is critical to this process and plays 
an important role in neuroinvasion in mice. ” Leukocyte trafficking 
to the CNS has been linked to the chemokine receptor CCR5, vvhich 
is upregulated by VVNV infection and is associated with CNS infiltra- 
tion of CD+4 and CD+8 T cells, natural killer cells, and macrophages 
expressing the receptor.” CD+8 cells control infection by producing 
antiviral cytokines (interferon [IFN] or TNF-a) early in infection or 
by triggering the death of WNV-infected cells through perforin or 
FAS ligand—dependent pathways.” TNF-related apoptosis-inducing 
ligand (TRAIL) produced by CD+8 T-cells contributes to disease 
resolution by helping to clear WNV from the neurons in the CNS.” 
However, WNV has developed strategies for enhancing viral replica- 
ion in the host by blocking the action of type 1-IFN and evading 
he antiviral activity of IFN-stimulated genes.’ Two human genes, 
CCR5 and 2’5’ oligoadenylate synthetase (OAS1b), have been identi- 
fied as susceptible loci for WNV infection. 


LONG-TERM SEQUELAE 


In 1999, WNV was believed to cause a mild, febrile, self-limiting 
illness in the majority of patients, with a small percentage developing 
neuroinvasive disease. By 2004, it was recognized that WNV infec- 
tion could result in a protracted convalescent period with long-term 
problems with memory; confusion; clinical depression; muscle 
weakness; tremors; and parkinsonism-like disorders*'*’ 18 months 
after infection. In a Houston study, 60% of encephalitic patients 
reported signs 5 years after infection.” Patients with a milder form 
of illness are just as likely to suffer long-term health problems as 
encephalitis cases.* In this study of WN fever, 84% of patients 
reported persistent fatigue, 59% memory problems, and 49% 
ongoing muscle weakness. Studies on long-term sequelae in natu- 
rally infected animals are not available. It is postulated that long-term 
sequelae may be a result of viral persistence. 


VIRAL PERSISTENCE 


In 1983, Pogodina et al.” published a study on WNV persistence in 
primates experimentally infected with several strains of WNV. They 
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found that encephalitis was present in animals with neuroinvasive 
disease, with only febrile illness, or with asymptomatic infections. 
This was considered unusual, as most RNA viral infections are tran- 
sient and are subsequently cleared by the host.” Concerned about 
his possibility, the Department of Pathology at the Bronx Zoo began 
ong-term studies on known positive WNV cases in the zoo collec- 
ion. In 2000, evaluation of brain tissue from known positive animals 
suggested that viral persistence might be taking place with the NY99 
strain of WNV in naturally infected animals. A symptomatic snow 
eopard (Panthera uncia) and a greater Indian rhinoceros (Rhinoceros 
unicornis) died 3 and 8 months following illness and seroconversion. 
Both exhibited dramatic lymphoplasmacytic cuffing in the CNS at 
he time of death. An asymptomatic but seropositive babirousa (Bab- 
yrousa babyrussa) that died 10 months after seroconversion also had 
mild to moderate lymphoplasmacytic cuffing in the brain, which 
suggested that subclinical infections may also produce CNS 
pathology. 

In 2006, WNV was demonstrated in the brain and CSF of 
an immunocompromised patient 4 months after initial diagnosis 
and in spite of treatment with IFN, immunoglobulins, and ribavirin. 
Persistent infection with WNV was demonstrated by the identifica- 
ion of WNV nucleic acid in the brain by reverse-transcriptase poly- 
merase chain reaction (RI-PCR) assay and immunohistochemical 
demonstration of antigen in tissue.” A 2010 study! developed a 
murine model of viral persistence. It found viral persistence in 
he face of a robust antibody response and in the presence of 
inflammation in the brain even in subclinical infections and showed 
hat WNV persisted in the CNS and peripheral tissues for up to 6 
months following infection in mice with subclinical infections. The 
authors concluded that the “frequency, duration, and tissue location 
of WNV persistence are species dependent, probably due to differ- 
ences in host immunity, severity of disease, initial viral loads and 
tissue tropism, and cell targets.”' These studies have raised concerns 
about the role of viral persistence in the development of the now- 
recognized long-term sequelae of WNV infection. They also raise 
concerns about the estimated 1.2 million people with asymptomatic 
VVNV infections in the United States and possible subclinical CNS 
disease. 

The kidney has also been a focus of persistence studies. In 2005, 
VVNV was detected in the urine of a patient with encephalitis 8 days 
after symptom onset. Viral RNA was detected by RT-PCR.” In 
another 2005 study in hamsters,”’ chronic renal infection and per- 
sistent shedding was found in urine up to 8 months after infection. 
When the isolates that resulted in renal tropism were compared with 
he wild-type parent virus (NY 385-99), nucleotide changes were 
found in coding regions, causing amino acid substitutions in the E, 
S1, NS2B, and NS5 proteins.'* A 2012 long-term study of patients 
in Houston found an association between neuroinvasive WNV infec- 
ion and the development of chronic kidney disease and suggested 
hat all patients with WNV should have their renal function closely 
monitored.” 

It is not known what impact viral persistence may have on zoo 
species, but many zoo species tested WNV positive on plaque reduc- 
ion neutralization test (PRNT) or RT-PCR during the national zoo- 
ogical surveillance for WNV project and, like humans, the animals 
also should have long-term follow-up. Unlike the human medical 
community, zoo practitioners have ready access to necropsy material 
for study. The zoo community is in the position to render a great 
service to public health, given its ability to follow animals over the 
ong term and evaluate them for viral persistence and renal and 
neuropathology. Tissues should be harvested and frozen at —80° C 
for virus isolation and RT-PCR from all known VVNV-positive 
birds and mammals at the time of necropsy. Any zoo clinician 
or pathologist who performs a necropsy on a previously positive 
animal, especially a long-lived mammal, is urged to contact this 
author. A grant is in preparation to cover the costs of virus isolation 
(VI), RT-PCR, histopathology, and immunohistochemistry on WNV 
survivors. 
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VACCINATION 


A variety oÍ vaccines and vaccine protocols have been used in the 
Chilean flamingos (Phoenicopterus chilensis); red-tailed hawks ( 
Buteo jamacensis);” Andean condors (Vulture gryphus) and Califor- 
nian condors (Gymnogyps californicus); greater one-horned rhinoc- 
eros (Rhinoceros unicornis);°*°? sandhill cranes (Grus canadensis); 
black-footed penguins (Sphenicus demersus), little blue penguins 
(Eudyptula minor), and American flamingos (Phoenicopterus ruber);*° 
Humboldt (Sphenicus humboldti), Magellanic (Sphenicus magellanicus), 
Gentoo (Pygoscelis papua), and Rockhopper penguins (Eudyptes 
chrysocome);'' and Attwater prairie chickens (Tympanuchus cupido)" 
with varying results. In a 2012 study in squirrel monkeys, a measles 
vaccine expressing the secreted form of WNV envelope glycoprotein 
induced protective immunity.’ A 2013 study in captive Nene geese 
(Branta sandvicensis) showed that a vaccine developed for human use 
(WN-80E) was highly immunogenic and had no adverse biologic 
effects.** A recent paper provides excellent summaries of the current 
status of vaccine research.” West Nile Encephalitis Virus Infection— 
Viral Pathogenesis and the Host Immune Response, edited by Michael 
S. Diamond, discusses available vaccines, as well as all other aspects 
of this important virus and must be consulted by anyone interested 
in WNV. 


CONCLUSION 


Although some progress has been made in the understanding of 
WNY, many things still remain unexplained. What the human and 
animal model studies on viral persistence mean for zoo species is 
unclear, but ongoing investigation is warranted. 
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When a great new technology is invented, the inventors rarely 
imagine all the different uses that will be found for their invention 
in the years to come. The pioneers in the field of ultrasound applica- 
tions, Sir Francis Galton who developed the ultrasonic whistle at the 
end of the 19th century or Paul Langevin who used it to detect 
icebergs in 1917, certainly did not anticipate the many industrial 
and medical uses of ultrasonography today. By definition, ultrasound 
is any sound with frequencies exceeding the upper limit of the 
human hearing range (maximum 20 kilohertz [kHz]). In the anima 
kingdom, the capacity for hearing, or the perception of sound, may 
be as high as about 200 kHz. Known examples are many nocturna 
animals such as bats, moths, and other insects and many marine 
mammals that use sound to locate their prey. 

Starting in the 1930s, the role of ultrasonography as a medical 
treatment tool was established and, in the 1940s, it was also recog- 
nized as a diagnostic tool. Gaining acceptance as a noninvasive 
imaging technology—and thanks to the many technological improve- 
ments that facilitated enhancements in sound waves production, 
reception, processing, and displaying—ultrasonography has become 
the second most used (after radiography) imaging technology in 
medicine today. Whereas radiography is known to have adverse 
effects resulting from radiation exposure, ultrasonography is deemed 
free of risks at the energies used for diagnostic purposes. : Generally, 
the use of ultrasound in medical applications is a trade-off between 
penetration depth and resolution. The higher the frequency of the 
sound produced, the better is the resolution but the lower is the 
penetration depth, which makes visualization through thick body 
layers difficult or impossible. Imaging by ultrasonography is also 
restricted by its very limited penetration through bone structures 
or gas and the need for proper coupling of the transducer, as 
coupling may be limited by external structures such as feathers, 
scales, or fur. 

Ultrasonography gained a foothold in veterinary medicine start- 
ing in the late 1950s when it was used to estimate fat and muscle 
thickness."' The first peer reviewed report on such use of the tech- 
nology appeared in 1961,” and the first veterinary report appeared 
a few years later when the technology was used to evaluate preg- 
nancy in evves." The technology helps in visualizing shape, struc- 
ture, and size, and identifies pathologic lesions in many body 
structures, including skin, muscles, tendons, and internal organs. 
Ultrasonography has many uses in veterinary medicine, ranging from 
assessment of body fat’* to searching for pathologies in soft tissues 
and tendons, but probably the leading application of this technique 
today is in reproductive medicine. 

Ultrasonography was introduced to the field of reproduction 
management in humans in the late 1950s, thus opening the way to 
the exploration and characterization of morphologic, biologic, and 
pathologic processes and to fertility treatment and intervention 
under the guidance of ultrasound, thereby revolutionizing the entire 
field. Despite significant advances in ultrasonographic applications 
in human and veterinary medicine, adoption of this technology has 
been slow in zoo and wildlife medicine. Probably the first description 
of its use as a diagnostic tool in zoo animals was in 1978.” For a 
long time, the use of ultrasonography for reproduction management 
in nondomestic species was sporadic, but over the years, a growing 
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number of ultrasonographic descriptions of various species have 
been published. Today, this technique has become an indispensable 
imaging modality in university veterinary hospitals and private 
clinics, as well as in the veterinary clinics of many zoos. 

Various reasons exist for the slow introduction of ultrasonogra- 
phy in the management of nondomestic animals. By definition, 
species are different from each other in many aspects, including their 
morphology and specialized structures. For example, significant dif- 
ferences exist in cardiac anatomy and blood flow among the various 
taxa. Without detailed knowledge of all species, interpretation of 
body structures seen in each new species may be challenging. Use 
of carcasses to conduct comparative studies with ultrasonography 
and conventional anatomic dissection may benefit all. Although 
some wild animals (e.g., elephants, rhinoceroses, marine mammals) 
may be trained to allow examination, in the majority of cases, physi- 
cal restraint, sedation, or anesthesia are required to facilitate safe 
examination. Effective penetration of ultrasound is limited to certain 
depths, which makes it often challenging or practically impossible 
to visualize various internal structures in large-sized animals (e.g., 
elephants, whales). 

In exotic animals, certain specialized structures or features such 
as the carapace and plastron in tortoises and turtles, feathers and air 
sacs in birds, scales on many fish and reptilian species, or exoskel- 
eton in many invertebrates may all interfere with the ultrasono- 
graphic examination and may require innovative scanning techniques 
to overcome at least some of these limiting factors that are usually 
not encountered in human or mainstream veterinary medicine.” The 
unique features that characterize different taxonomic groups with 
relation to ultrasonographic examination and the different ways this 
imaging technique may be used when working with zoo and wild 
animals belonging to these taxa will be discussed in this chapter. 
Recent developments in ultrasonography and modifications of com- 
mercial system configurations, the decrease in machine size that 
makes it more portable and affordable, and the new methods of 
examination will all facilitate increased use of this tool for health and 
reproduction management in wildlife species. Intraoperative ultraso- 
nographic applications will not be discussed in this chapter, besides 
their value as a diagnostic tool to improve decision quality during 


surgery. 


FISH 


One of the main considerations in ultrasonography is the quality of 
coupling. When used in human or domestic species, for example, 
coupling gel is required to exclude air from the interface between 
the transducer and the body. If the fish remains in water (this is 
highly recommended to reduce the risk for trauma and stress), the 
water provides excellent coupling conditions, so coupling gel is not 
needed. Existence of a large body of water around the fish would 
also make it possible to scan its body without making actual contact 
with it, by holding the transducer at a distance of as much as 2 
centimeters (cm), depending on the frequency used. Naturally, the 
transducer must be waterproof or otherwise wrapped in a way that 
will preclude the risk of exposure to water (e.g., by placing it inside 
a latex glove). Since electricity is involved, especially in devices that 
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are connected to the electricity grid, every precaution should be 
taken to ensure safety. The need to keep the fish in water also pre- 
cludes the use of radiography, which is yet another advantage of 
ultrasonography. 

Small fish are normally sedated for the examination, and large 
ones may be physically restrained. For large fish, transducers of 2 to 
5 megahertz (MHz) are usually chosen, and for small fish, 7.5 to 
16 MHz would be more appropriate for better visualization of the 
small body structures. Some fish and elasmobranchs have scales or 
calcified integument on their body surface (see Figure 76-1, D), and 
hese may interfere with the passage of sound waves, resulting in 
poor visualization. In many of these species, conducting the exami- 
nation from the ventral surface may produce better results. When 
his is not sufficient, and when the animal is large enough, transin- 
estinal ultrasonography may be considered. The tissues of fish 
(skin, muscle) have higher water content compared with tissues in 
mammals or birds, and this makes the tissues of fish look somewhat 
different for practitioners who usually work with mammals. It is also 
important to remember that the velocity of sound wave transmission 
hrough muscle decreases with temperature, whereas that in fat 
increases, so one may distinguish well between muscle and fat at 
room temperature, but at about 5° C to 11° C, they may look very 
similar.” 

Ultrasonography has been used in the fish industry at least since 
he early 1980s. The main application of this technology has been 
for the determination of the sex and maturity status of juvenile and 
adult fish.” This has been done in a wide range of fish species such 
as Coho salmon (Oncorhynchus kisutch), cod (Gadus morhua), Atlantic 
salmon (Salmo salar), and Pacific herring (Clupea harengus pallasi). 
Other areas in which ultrasonography has been found to be a useful 
tool include evaluation of ovarian activity and ovulation,” health 
assessment and diagnosis of pathologies,”” anatomic studies,'* and, 
in aquaculture, muscle development evaluation’ (see Figure 76-1, A 
through D). 

Assessment of reproductive potential, sexual maturity, and preg- 
nancy has also been done in elasmobranchs (sharks and rays) such 
as nurse sharks (Ginglymostoma cirratum), thornback ray (Raja 
clavata) and small-spotted cat shark (Scyliorhinus canicula), ° and 
broadnose sevengill sharks (Notorynchus cepedianus). ` Furthermore, 
ultrasonography has been used for anatomic description and as a 
diagnostic tool in various species of sharks. Long-term investigations 
with ultrasonography may also help elucidate unusual phenomena 
such as intrauterine cannibalism occurring in lamnid sharks. 


AMPHIBIANS 


For at least three reasons, amphibians are well suited for ultrasono- 
graphic examination: (1) They do not have external structures such 
as fur, feathers, or scales that may impede imaging; (2) their coelom 
usually contains some fluid that helps enhance the quality of the 
images. This fluid may increase in volume in diseased animals (see 
Figure 76-1, G); and (3) to varying degrees, depending on the 
species, they dwell in water, making it possible to scan them while 
they are submerged in water, as is done in fish. Because of their body 
sizes, normally transducers ranging from 5 to 16 MHz are used and 
are placed directly on the animals skin, in the water without any 
direct contact with the animal (Figure 76-2, A), or in contact with 
the outside of a water-filled plastic container with the animal in it. 
When the transducer is applied directly to the skin or from outside 
the plastic container, coupling gel is required to enhance image 
quality. Restraining the animals may be achieved through sedation, 
direct manual restraint, or placement of the animal inside a water- 
filled plastic container that restricts its ability to move. If cold water 
is used, this will further reduce the mobility of the animal, but 
caution should be taken not to chill the animal too much. 

When studying an amphibian by using ultrasonography, the 
amphibian heart, which is composed of two atria and a single ven- 
tricle, is a good point to start the examination. It is located at the 
ventral midline between the front limbs and may easily be identified 


because of its pumping activity. Often, the pericardial space contains 
a moderate amount of fluid, making visualization better. Amphibians 
ack a diaphragm, so the liver, which, in healthy animals, would have 
an appearance similar to that in mammals, could be located next to 
he heart. The gallbladder, which may be as large as the heart, would 
appear as an anechoic spherical structure near the heart and the liver. 
Other abdominal organs such as the stomach, gonads, and urinary 
bladder may also be visualized” (see Figure 76-1, E and G). In 
both caudates and anurans, especially in those in good body condi- 
ion, unique fat bodies may be visualized within the coelomic cavity. 
In anurans, these fat bodies appear as fingerlike projections originat- 
ing from a common stalk stemming from the base of the gonads. 
These fat bodies would normally appear to be a bit hyperechoic 
compared with the liver. In salamanders, these fat bodies have a band 
shape and may be found between the gonads and the kidneys. 

The main applications of ultrasonography in amphibians include 
assessment of the reproductive status,” sex determination,” eval- 
uation of cardiac activity and blood flow (including the use of 
Doppler ultrasonography),” and health assessment (e.g., parasitic 
and neoplastic status) and anatomic studies” (see Figure 76-1, E 
through G). 


REPTILES 


Reptiles are good candidates for ultrasonography. It may be used 
either as a stand-alone modality or as a complement to radiography, 
which is used to clearly image the skeleton and the respiratory 
system, the two body components that ultrasonography cannot 
image properly. Most reptile species are relatively docile and may be 
imaged with minimal physical restraint. Some snakes and lizards, 
however, are less “cooperative” or are poisonous, and special care 
should be taken to protect the animal and the handler. 

Transcutaneous ultrasonography may be problematic in some 
reptilian species because of the shell or scales that cover their bodies 
(e.g., Australian bobtail lizard, Tiliqua rugosa; or Komodo dragon, 
Varanus komodoensis). Data are scarce with regard to the normal 
anatomy and architecture of the coelomic cavity and visceral organs 
in many reptilian species, as well as the way these structures are 
viewed in ultrasonographic images, so special care should be taken 
not to mistake, for example, fat structures for other internal organs. 
This is especially true because many internal organs in reptiles look 
quite different from those in mammals. Furthermore, the sizes, 
shapes, and positions of various internal organs may change, depend- 
ing on the size of the gastrointestinal and reproductive tracts. When 
possible, comparative studies between ultrasonography and nec- 
ropsy are highly recommended. Generally, the lungs in reptiles are 
positioned dorsal to the other coelomic organs, so ultrasonography 
is best performed from the lateral or ventral aspect at the region 
where the lungs are located. In turtles, because of their shell, ultra- 
sonography may be conducted from two restricted windows between 
the carapace and the plastron. From the front of the animal, between 
the head, front leg, and thorax, one may visualize the heart, liver, 
and gallbladder. Preferably a small probe (convex or sector scanner) 
should be used. From the rear of the animal, next to the pelvic 
region, the visceral organs, including the kidneys, gonads, urinary 
bladder, intestines, liver, spleen, and so on, may be viewed. The only 
exception is the pancake tortoise (Malacochersus tornieri), in which 
direct scanning through the soft plastron is possible. In snakes and 
lizards, especially those that are covered with thick hard scales, the 
best ultrasonographic visualization may be achieved from the ventral 
aspect of the animals. For this purpose, a platform or table with 
openings in it may be designed so that the animal may be placed 
over it. This will allow for extended duration of examination with 
minimal need for restraint of the animal. 

Smaller animals are best imaged with 7.5 to 16 MHz transducers, 
and large ones may be better examined with 2.0 to 5.0 MHz probes. 
Coupling gel should be applied to achieve proper coupling. In some 
cases, when the ventral and lateral aspects of the animal are covered 
with very thick scales or scutes that partially or completely block 
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FIGURE 76-1 A, B-Mode sonogram of the liver, and gall bladder that contains a hyperechoic mass 
(white arrow), in a West African lungfish (Protopterus annectens). The nature of the lesion (nutritional 
dysfunction? parasitic product?) has not been diagnosed yet. The wild caught animal was skinnier 
and smaller than its counterparts. B, Three-dimensional ultrasound image of the spiral valve in a black 
devil stingray (Potamotrygon leopoldi) presented in tomographic mode. The unusual sonographic 
appearance of the modified ileum is normal in rays. Such spiral valves are also found in some shark, 
skate, and bichir species. As a consequence of the constricting effect the spiral valve has on the 
lumen of the ileum, rays and sharks cannot pass large hard objects (such as bones) through their 
lower intestine. Because of its narrow lumen, the spiral valve is often involved in digestive dysfunction 
in captive elasmobranchs. C, B-mode sonogram of the uterine cavity of a black devil stingray (P. 
leopoldi) containing disintegrated fetal material (detritus, white arrows) as a result of a failed preg- 
nancy. The caudal part of the liver appears hyperechoic because of the high fat content the liver has 
in this species. D, B-mode sonogram of the uterine cavity of a pregnant lemon shark (Negaprion 
brevirostris) that contained 14 fetuses. Three of them are partially visualized here, along with the fetal 
membranes (white arrows). The surface of the fetal bodies appears surprisingly highly hyperechoic 
because of the early formation of the typical rough shark skin in these fetuses. The examination was 
performed directly through the skin on the restraint patient caught in swallow water. E, Three- 
dimensional mode sonogram of an active ovary in an adult female giant salamander (Andrias davidi- 
anus) containing many large anechoic follicles of approximately 6 millimeters (mm) in diameter with 
an echogenic center. This reproductive stage is close to egg laying event. F, B-mode image of the 
skin region in an adult male giant salamander (A. davidianus). The remarkable fluid-filled skin glands 
can be easily misinterpreted as follicle formation during sonographic sexing. If a salamander is wrongly 
handled, it may secrete, within seconds, a sticky, whitish material deriving from these skin glands. 
G, Sonogram of an adult male giant salamander (A. davidianus) in panoramic view mode consisting 
of several single ultrasound images. It allows visualizing a longer region of interest. From left to right: 
The caudal lung field, part of the liver, the elongated kidney, and the cigar-shaped active right testis. 
A moderate amount of fluid (anechoic region between liver and kidney) is present in the coelomic 
cavity, which is not unusual in amphibians. 

All images were generated using transcutaneous ultrasonography. With the exception of image C, all 
were generated through the water, without direct contact with the animals. Chemical and, in most 
cases, physical restraint of the patients were not needed. Image B was generated using a 6 to 16 
megahertz (MHz) transducer, and for all other images, a 2 to 5 MHz transducer was used. White 
or black bar represents 20 mm.Fe, fetus; FM, fetal mass; Fo, follicle; Ki, kidney; Li, liver; Lu, lung; 
Sk, skin; SV, spiral valve; Te, testis. 


ultrasound waves (e.g., Tiliqua spp., Corucia zebrata), coupling gel 
may be applied and left for 15 to 30 minutes so that the scales absorb 
some of the gel for better imaging. The alternative is to submerge 
he region of interest (excluding the head) in water to improve cou- 
pling. Placing the probe between the scales or from a more lateral 
position may also help. In larger reptiles, a good alternative would 
be to use specialized transducers that allow for transintestinal endo- 
sonography (see Figure 76-2, C). By inserting the transducer through 
he cloaca into the intestine, the entire urogenital tract, intestines, 
adrenal, and fat bodies may be visualized.”” 

The primary use of ultrasonography in reptiles is probably for 
he assessment of the reproductive tract and reproductive status (see 
Figure 76-2, B, C, and E). This was done in a wide variety of ter- 
restrial, marine, and fresh-water reptilian species. “9067 Sex determi- 
nation in sub-adult or monomorphic reptiles has also been done 
with the use of ultrasonography, for example, in komodo dragons 
(Varanus komodoensis), white-throated monitors (Varanus albigularis), 
Gila monsters (Heloderma suspectum), and beaded lizards (H. horri- 
dum).”7”” Ultrasonography has also proven useful for medical diag- 
nosis ” (see Figure 76-2, D), as well as for ultrasound-guided 
transcutaneous biopsy.” Ultrasonography is very useful for ana- 
tomic, morphologic, and nutritional studies in reptiles.’ 


BIRDS 


Birds are normally covered with feathers that have a large volume of 
air within them. Even with the use of coupling gel, this may hinder 
clear depiction of the different internal structures. The existence of 
large air sacs, the very compacted intestines, and the subcutaneous 
accumulation of fat, as well as the follicles of the feathers may all 


further impede transmission of the sound waves. For these reasons, 
transcutaneous application of ultrasonography is of limited value 
in birds compared with other vertebrates. When transcutaneous 
ultrasonography does not provide clear images, transcloacal’’ or 
transintestinal/” ultrasonography, using high-resolution miniaturized 
probes, may be considered. The entire urogenital system, the gonads, 
and the adrenals may be viewed by the transintestinal technique, 
and only the caudal part of the genital tract may be viewed by the 
transcloacal technique (Figure 76-3, A). Identifying the inactive 
ovaries and visualizing the kidneys, which are located next to the 
vertebral column and hidden by the compacted intestines and the 
air sacs, may be difficult at times. 

In larger species of birds such as penguins, it is also possible to 
view much of the abdominal cavity by inserting a small ultrasound 
probe through the esophagus and conducting nonsurgical transgas- 
tric ultrasonography (see Figure 76-2, G and H). This new transgas- 
ric examination technique allows fast and accurate evaluation of 
arge parenchymatous organs such as the lungs, liver, spleen, and 
kidneys with ultrasonography. Such examination is relevant, for 
example, when aspergillosis is suspected in penguins. In the very 
arge birds such as the ostrich (Struthio camelus) or brown kiwi 
(Apteryx mantelli), ultrasonography may easily be used transcutane- 
ously to monitor ovarian activity and development of ova and to 
view internal organs such as the heart, intestines, liver, and 
kidneys.” The gallbladder is available as an anechoic round or 
oval-shaped landmark dorsal to the right liver lobe in most birds but 
not in Psittacines and Columbiformes. 

To view internal organs by using transcutaneous ultrasonography, 
the feathers at the ventral midline, just caudal to the sternal keel and 
cranial to the pubic bones, are parted, and coupling gel is applied. 
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FIGURE 76-2 A, Transcutaneous B-mode image (2 to 5 megahertz [MHz]) of the elongated kidneys 
(border marked by white arrows) separated by a central blood vessel (yellow arrow) in an adult hell- 
bender (Cryptobranchus alleganiensis). Both kidneys show clear signs of gout (irregular white dots) 
in their parenchyma. The sonogram was generated through the water, without direct contact with 
the animals. Physical or chemical restraints of the patient were not needed. B, Transcutaneous ultra- 
sound image (2 to 5 MHz) showing early development of ovarian follicles in a female Komodo dragon 
(Varanus komodoensis). The partially filled urinary bladder borders the ovary from the caudal aspect. 
C, Because of the ossified scales in the Komodo dragon (V. komodoensis), it is not possible to visual- 
ize the testes by transcutaneous ultrasonography in this species. The only option for imaging the 
cigar-shaped testes, located cranioventral to the kidneys, is by transintestinal ultrasonography using 
a miniaturized transducer (fingertip probe, 7.5 MHz). D, Sonogram in color-flow-Doppler mode (6 to 
16 MHz, transcutaneous) showing a productive tumor (white arrows) with own blood supply, diag- 
nosed in an inland taipan (Oxyuranus microlepidotus). The fluid-producing lesion (hypoechoic area 
above solid tumor tissue) is located near the heart base (yellow arrow). E, Panoramic view mode 
sonogram (6 to16 MHz, transcutaneous) showing the coelomic region in a female tuatara (Sohenodon 
punctatus) with an active ovary (white arrows). Yellow arrow marks the fluid-filled gall bladder. The 
patient was physically restrained for the ultrasound assessment. F, Transcutaneous B-mode sonogram 
(7.5 MHz) of a diseased heart in a tauraco (Tauraco leucolophus). The coelomic cavity is filled with 
anechoic transudate framing the apex of the heart (white arrows). The left and right ventricles are 
dilated. The yellow arrow points toward the intraventricular septum. Coelomic cavity aspiration was 
performed under ultrasound guidance to diagnose the origin of the coelomic effusion. G, B-mode 
sonogram (7.5 MHz) of the four-chamber heart view in an anesthetized rockhopper penguin (Eudyptes 
chrysocome) generated by transgastric technique, in which a miniaturized transducer (fingertip probe) 
is inserted through the open beak into the empty stomach. The white arrow points to the interven- 
tricular septum and the right ventricle. The yellow arrow indicates the aortic valve at the heart base. 
H, B-mode sonogram (7.5 MHz) of the egg-shaped spleen in an anesthetized rockhopper penguin (E. 
chrysocome), generated by transgastric ultrasonography. The organ capsule appears hyperechoic, and 
the parenchyma appears homogeneous and moderately echogenic. The dimension and echographic 
appearance indicate a healthy organ. 

In all images, the white bar represents 20 millimeters (mm). 

BI, bladder; Fa, fat; Fo, follicle; He, heart; Ki, kidney; Li, liver; Ov, ovary; Sp, spleen; Te, testis; Tu, 
tumor. 


ranging from the 1.8-gram (g) Etruscan shrew (Suncus etruscus) to 
the 170-ton blue whale (Balaenoptera musculus), and live in a wide 
variety of environments, that is, air (e.g., bats), water (e.g., marine 
mammals), and land. In the over 5400 extant mammalian species, a 
wide variety of anatomic features have evolved, making knowledge 
gained on one species not always applicable to another in a straight- 
forward manner. The ideal, which is still lacking for many species, 
is to have a clear anatomic picture of the species involved before 
attempting to apply ultrasonography. In the absence of such ana- 
tomic knowledge or past experience, identification of pathologic 
changes may not always be possible. 

The vast differences among species dictate the selection of ultra- 
sonography technique to be applied and the quality of images 
obtained. Some species or individuals may be trained to allow ultra- 
sonographic examination without the need for sedation or anesthe- 
sia. These include many marine mammals, primates, elephants, and 
rhinoceroses, among others. Many mammals have fur cover over 
their bodies. To achieve good coupling during transcutaneous exami- 
nation, the fur is ideally clipped over the area of interest. If clipping 
the fur is not an option, soaking it with alcohol and then applying 
coupling gel may also help obtain acceptable results. The fur in 
marine mammals is a very important part of their insulation layer, 
so it is best not to clip it unless absolutely necessary. In such cases, 
when high-quality transcutaneous imaging cannot be achieved, 


The ventral plumage may also be plucked, when needed, to improve 
coupling. In small bird species, transducers of 7.5 to 16 MHz are 
used, and 2 to 5 MHz transducers are useful in the large birds. In 
some species, the available window may be very limited because of 
caudally extended keel (e.g., Galliformes and Anseriformes). In such 
cases, a more lateral approach, placing the transducer just caudal to 
the last rib on the right side, may provide some view of the internal 
organs. Fasting the birds for several hours (birds of prey even for a 
day or two) may enhance clarity of the images. Especially in small 
and unhealthy birds, the cooling effect the coupling gel may have 
on the bird as well as the stress and respiratory distress that restraint, 
positioning, and handling may have on the animal are important 
considerations. 

Some of the uses of ultrasonography in birds include monitoring 
of muscle development and changes with activity and season,” 
ultrasound-guided fine-needle aspiration” (see Figure 76-2, P), 
medical evaluation of internal organs,” estimating bone mineral 
density using amplitude-dependent speed-of-sound quantitative 
ultrasonography and detection of bone pathologies,/”” determina- 
tion of sex in monomorphic species,”’ evaluation of ovarian status,” 
study of the anatomy and morphology of organs, ” monitoring the 
development of the cardiovascular system,” and endocardiography. 7 
In addition, use of ultrasonography for high-resolution eye examina- 
tion (20 MHz) in raptors and large birds may be helpful for verifica- 


tion of the impact of trauma and identification of neurologic 
symptoms. 


MAMMALS 


Almost two decades ago, the vast majority of publications on ultra- 
sonography use in vertebrates were focused on mammals.” This is 
most probably still the case today. Mammals vary significantly in size, 


transrectal examination may provide excellent results for much of 
the visceral region. Many other marine mammals and a few other 
mammals such as the naked mole rat (Heterocephalus glaber), the 
naked bat (Cheiromeles torquatus), and the common (Hippopotamus 
amphibious) and pygmy (Choeropsis liberiensis) hippopotamuses have 
skin almost devoid of hair, which makes scanning easy. Marine 
mammals are sensitive to ultrasonic waves and may be trained to 
accept ultrasonographic examination in water. Their examination 


may thus be conducted in a manner similar to that in fish, keeping 
in mind the size and anatomic differences. 


Skin thickr n animals such as rhinoceroses, hippopotamuses, 
or elephants and fat pads in many marine mammals limit the use of 
transcutaneous ultrasonography in these animals. The very large 


body sizes of some mammals also limit the ability to visualize some 
internal structures, even when using the transrectal ultrasonography 
approach. De ial tools and extensions may help,” 
but even these have their limitations with regard to imaging the deep 
structures in the body. At the other end, the very small mammals 
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FIGURE 76-3 A, B-mode sonogram (7.5 megahertz [MHz]) of the oviduct in a Humboldt penguin 
(Spheniscus humboldti) visualized by transintestinal ultrasonography via the cloaca. White arrows point 
at the caudal part of a forming egg surrounded by anechoic oviductal fluid. Yellow arrows indicate 
three cross-sections of the activated and folded oviduct. B, Transcutaneous ultrasound image (B-mode, 
2 to 5 MHz) of the central liver lobe of a chimpanzee (Pan troglodytes). The lobe is severely altered 
by an echinococcosis. White arrows mark the border of the parasitic cyst formation; the content in 
the hydatid cyst has an irregular appearance because of the large number of protoscoleces in it. 
C, Transvaginal three-dimensional ultrasound image presented in tomographic mode (5 to 9 MHz). 
The sonogram shows an aggressive ovarian tumor in a female Western lowland gorilla (Gorilla gorilla 
gorilla) with several fluid-filled chambers (white arrows). D, High-frequency ultrasound image (B-mode, 
55 MHz) generated with an “ultrasound biomicroscope,” which operates with transducer frequencies 
of up to 70 MHz. The resolution allows counting the fingers (white arrow) of a 4-week-old naked mole 
rat fetus (Heterocephalus glaber) in this transcutaneous sonogram. E, Panoramic-view-mode sono- 
gram consisting of several single ultrasound images, allowing visualization of a longer region of inter- 
est. The image shows a 2-month-old bottlenose dolphin (Tursiops aduncus) fetus (2 to 5 MHz, 
transcutaneous). The calcified fetal skull is causing shadow artifacts. White arrows mark heart and 
fluid-filled stomach. F, Three-dimensional mode sonogram (2 to 5 MHz, transcutaneous) of a 7-week- 
old Beira antelope (Dorcatragus megalotis) fetus. G, B-mode sonogram (3.5 MHz) of the eyes region 
(white arrows) in a North Pacific giant octopus (Enteroctopus dofleini). Note the clearly visible nervus 
opticus running from the eyes into the central brain. The image was generated through the water 
without direct contact with the animal. Physical or chemical restraints of the patient were not needed. 
In D, the white bar represents 2 millimeters (mm), and in all other images, the white or black bar 
represents 20 mm. 

Ca, cranium; Cy, cyst; Eg, egg; Ey, eye; He, heart; Li, liver; Od, oviduct; St, stomach; Tu, tumor; Um, 
umbilicus. 


cinereus), ” and oncilla (Leopardus tigrinus).’ As a specialization 
within ultrasonography, echocardiography is performed in both 
adults”” and fetuses”” to evaluate the health of the cardiovascular 
system. Ultrasonography has been used in anatomic studies” and for 
some other large terrestrial mammals, ultrasonography is usually assessing body fat (and, thus, nutritional status) since the 1950s in 
performed with the animal in the standing position with the use of he cattle and swine industries. 
training of the animal to accept the examination or with sedation. Marine mammals may be considered a specialized group within 
In smaller species, examination would be ideally performed with the he mammalian class. The group includes the cetaceans, sirenians, 
animal in dorsal recumbency, which allows easy access to the abdom- pinnipeds, and fissipeds, the first two being fully aquatic and the last 
inal area. For cardiac imaging, it is best to turn the animal to left wo being semi-aquatic in nature. Handling of the semi-aquatic 
recumbency, with the probe being moved from under the animal, species for ultrasonographic examination is similar to that of other 
facing up. errestrial mammals. Many of the seals may be trained to lie on land 
The early application of medical ultrasonography in animals for the examination, or they may be physically restrained relatively 
was for pregnancy diagnosis in mammals.*! Today, the leading appli- easily for the duration of the examination. Some of the aquatic 
cation for ultrasonography is still in the area of reproduction in species may also be trained to present themselves for examination 
wildlife mammalian (and other) species (see Figure 76-3, C through and, at times, also to come on land. Because of the sensitivity of 
P). It is used to monitor the urogenital tract in both males’! and many of these species to ultrasound waves, care should be taken to 
females; identify reproductive tract pathologies; characterize the avoid contact between the transducer and the water, unless the 
female reproductive status and elucidate the reproductive cycle animal has been specifically trained to accept this. As in their ter- 
pattern through longitudinal studies; assess male reproductive restrial counterparts, ultrasonography has been used in marine 
status and collect semen?”””” help determine the sex of the fetus’ as | mammals to assess reproductive status in both males ° and females,’ 
well as that of adult animals in the few monomorphic mammalian study early embryonic development' (see Figure 76-3, E), identify 
species such as beavers, sloths, and the spotted hyena;” and deter- fetal malformations,’ and for medical diagnosis. ” Ultrasonographic 
mine and monitor pregnancy and fetal development and diagnose evaluation of body condition and nutritional status is performed 
embryonic resorption in various species, including the giant panda through measurements of the dermis, epidermis, and blubber. This 
(Ailuropoda melanoleuca), Asian (Elephas maximus) and African (Lox- has been performed in a wide variety of species, including Steller sea 
odonta africana) elephants, snow leopard (Uncia uncia), bonobos (Pan lions (Eumetopias jubatus), harbor seals (Phoca vitulina), and Southern 
paniscus), European brown hare (Lepus europaeus), and tammar elephant seals (Mirounga leonine). 
wallaby (Macropus eugenii).'''>!°°?**°° Beyond reproductive assess- 


may be easily studied with normal transducers of 7.5 to 16 MHz or 
with ultrasound biomicroscopes of 50 to 70 MHz, which may 
provide excellent images at a resolution of 30 micrometers (um) or 
less”) (see Figure 76-3, D). In elephants, rhinoceroses, giraffes, and 


ment and monitoring, ultrasonography is highly useful when it 
comes to the application of assisted reproductive technologies, many 
of which are performed under the guidance of ultrasound. Ultraso- 
nography plays a paramount role in procedures such as ovum 
pickup, artificial insemination, and embryo transfer in various 
species. 22 

Ultrasonography is also used in nondomestic mammals for dis- 
eases diagnosis and identification of pathologic processes in species 
such as the cheetah (Acinonyx jubatus jubatus), ` koala (Phascolarctos 


INVERTEBRATES 


By definition, invertebrates are animals that are not included in 
the vertebrata subphylum. Generally, very little work has been 
done and published on the use of ultrasonography in invertebrates. 
When imaging water-dwelling invertebrates, ultrasonography may 
be used with the animal submerged in the water, as in the case of 
fish. Here, too, direct contact of the transducer with the animals 
body is not an absolute must (see Figure 76-3, G). Because of their 
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relatively small body size, transducers of 5 MHz and above, up to 
20 MHz, for normal ultrasonography and further to the ultrasound 
biomicroscope range of 50 to 70 MHz, are normally used for most 
species. 

As invertebrates lack bones, no interference with ultrasound 
transmission occurs. However, many invertebrate species (e.g., 
insects, crustaceans) have an exoskeleton, which significantly limits 
the available windows for viewing visceral organs. In one study in 
crustaceans (iridescent swimming crab, Portunus gibbesii), the heart 
and scaphognathites could be easily detected, but other internal 
organs could not be properly visualized.” If exoskeleton is absent, 
anatomic studies of various body parts may be conducted. Ultraso- 
nography has been used, for example, to study the morphology 
of the arms,” or the brain," in the common octopus (Octopus 
vulgaris) or blood circulation in cuttlefish (Sepia officinalis).’’ The 
heart in invertebrates may also be studied by using Doppler 
ultrasonography.” 


CONCLUSION 


Advances in ultrasound technology have turned it into a highly 
accessible, relatively inexpensive, and, in many models, portable 
imaging tool. Keeping in mind the vast anatomic differences among 
and within the various taxonomic groups, the technology may be 
used in the study and management of zoo and wildlife animals in 
all vertebrates and, to a lesser extent, in invertebrates. Ultrasonogra- 
phy has a wide range of applications related to reproduction assess- 
ment and assisted reproduction technologies, disease diagnosis, and 
physiologic, anatomic, and morphologic studies. Being a real-time, 
noninvasive and practically risk-free imaging technique, ultrasonog- 
raphy has many advantages over radiography, particularly when soft 
tissue is the target. The veterinary literature, however, is still lacking 
in detailed reports on the use of ultrasonography in different taxa. 
This will certainly change in time as the use of ultrasonography in 
nondomestic species expands rapidly. 
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Wildpro is an electronic encyclopedia and associated library on the 
health and management of captive and free-living wild animals, 
as well as emerging infectious diseases. This living, constantly 
expanding resource offers high-quality information to wildlife 
professionals across the world, in addition to providing valuable 
educational information for students, for example, those of veteri- 
nary medicine and animal care, and is freely available online at 
www.wildlifeinformation.org. 


WHY WILDPRO? 


Worldwide, professionals and field workers involved in the health 
and management of wild animals, whether captive or free-ranging 
(with the boundaries having become rather blurred),'' commonly 
have to manage situations involving species or conditions with which 
they are not familiar. In this shrinking world, expanding human 
populations are coming into contact with species that were previ- 
ously geographically distant; hosts, vectors, and their associated 
pathogens are being transported around the world; and climate 
change is affecting the range of various species, including pathogens 
and their vectors. Never has there been a more urgent need for rapid 
access to up-to-date, reliable, cross-disciplinary, and professional- 
level information.’ 

Many publications, including this book and its previous editions; 
other books based on a single taxon or disease; a multitude of jour- 
nals and conference proceedings, are available and contain large 
amounts of information.’ However, to access these resources, it is 
first necessary to be aware of their existence and the information in 
those publications has to be available when needed. Many organiza- 
ions are addressing the need for publications to be more widely 
available in the developing world, but much information is still not 
easily accessible and is either out of print or not digitized. Many 
people do not know where, on the ever-expanding World Wide Web, 
to find the information they need or Internet access is unavailable 
to them. Conversely, a huge amount of material is now available 
online with no proper accreditation, and a need has arisen for ways 
o identify dependable, trustworthy information.’ Finding and 
extracting information takes time, and several systems have been 
developed in an attempt to make it easier to search for and find 
specialist material.” 


INSPIRATION AND PROOF OF CONCEPT 


Wildpro was conceived by Suzanne Morgan-Jackson (Boardman) 
and E Joshua Dein as a way to make information on wildlife health 
and management accessible to people who need to make decisions 
impacting wild animals.’ The Wildpro prototype was distributed to 
more than 300 wildlife professionals (veterinarians, zoo directors 
and curators, wildlife managers, biologists, CITES [Convention on 
International Trade in Endangered Species] officials) in 61 countries. 
Of the respondents, 96% indicated that it would be useful, and 82% 
thought they would use it regularly Wildpro is unique because of 
the depth and breadth of information it contains. Making full use of 
the almost limitless capacity that the electronic medium provides, it 
combines information on species (their natural history), husbandry, 
pathogens, diseases, and treatment, all in one place, with extensive 
use of hyperlinks: wherever a logical link exists between two pieces 
of information, Wildpro hyperlinks them. 
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STRUCTURE AND DESIGN 


Wildpro was developed around the basic concept that the interaction 
of three factors—the organism, the disease-producing agent, and the 
environment—resulis in either health or disease.” Unlike any other 
information resource (particularly many databases), Wildpro was 
designed first on the basis of what information the end-users needed 
to access, rather than on the easiest way to input data, with the aim 
to present information in a practical, intuitive format and with rich 
use of hyperlinks.’ 

The structure of Wildpro is based on the logical framework of a 
series of taxonomic trees: the familiar taxonomic tree for species and 
similar branching trees for other components such as chemicals. 
Naturally, the section on Species follows the taxonomic trees used 
for living species: Kingdom—Phylum—Class—Order—Family: 
Genus—Species. Confusion may arise as taxonomies change; there- 
fore, the major taxonomic resources that have been used in 
constructing the pages are stated. Additionally, alternative names for 
a species, whether taxonomic or vernacular, are given, whenever 
possible, to minimize confusion. In a similar manner, the Diseases 
section descends from “Diseases” to “Viral Diseases,” “Bacterial Dis- 
eases,” “Toxic Diseases” and so on and then to individual diseases. 
Chemicals are subdivided into “metals, minerals, and simple mole- 
cules,” “gross nutrients, vitamins, etc.” and “complex chemical 
agents” (e.g., drugs used in animal treatment as well as toxic chemi- 
cals). The other sections are subdivided in similar branching 
pathways. 

This system offers a logical structure within which information is 
presented and allows data to be provided at different levels of detail 
for different audiences. For example, where a disease has been 
covered in depth, summary information (as in a review paper) has 
been provided on the main page for that disease, and more detailed 
information that may be needed by students and researchers is avail- 
able in a set of linked “literature report” pages. The structured format 
of the pages facilitates access to information; when certain data are 
unavailable, it is clearly mentioned in the hope of encouraging 
researchers or clinicians to fill these gaps. 


TECHNIQUES—“HOW TO” 


The “How to,” or techniques, section includes topics such as hus- 
bandry, disease investigation, and group and individual animal vet- 
erinary care, as well as details of specific techniques such as drug 
administration methods in different species. Individual technique 
pages not only provide descriptions (some with annotated pictures 
or video clips) but also indicate the equipment required and give 
cautions regarding risks, skill levels, and legal and ethical consider- 
ations (e.g., surgical techniques should only be carried out by a 
qualified veterinarian). 


REFERENCING AND REFEREEING 


All information in Wildpro is clearly referenced back to its original 
source, that is, its provenance is shown.*” A wide variety of reference 
types has been used, including websites, datasheets, internal records 
of organizations (e.g., animal health records) and personal commu- 
nications, along with journal papers, books, proceedings, and theses. 
Alphanumerical coding ensures that the type of reference can be 


recognized at a glance (J is a refereed journal, B is a book, etc.) and 
that the details of the reference may be accessed easily, with each 
paper, book chapter (or part of a chapter, if different sections were 
written by different authors) or website page having its own unique 
identifier. All data within the Wildpro encyclopedia have also been 
refereed by experts within the relevant fields.’ 


NAVIGATION 


Several methods of navigation are provided: 

1. Every page is color coded, with a blue background for species; 
yellow for chemicals; maroon for diseases; bright and dark green 
for physical disease agents and environments, respectively; purple 
for techniques; teal for references; gray for help, and so on. 

2. The navigation bar at the top of each page leads back to the home 
page and provides rapid access to each of the eight sections 
described above, plus a link to the Wildpro library. 

3. A series of “breadcrumbs” are provided in the top left corner of 
each page, showing the main “taxonomic” path to that page. 

4. In each volume in the encyclopedia, a contents page shows links 
to all sections of that volume, and a Table of Contents lists all the 
pages included in the volume. 

5. A site-wide search mechanism is available on the home page. 


THE WILDPRO LIBRARY 


The Electronic Library has been developed with the main Wildpro 
Electronic Encyclopedia. It contains a wide variety of documents, 
more than 200 so far, ranging in length from a single page (pam- 
phlets or fact sheets) to several hundred pages (complete published 
books), containing information which complements the encyclope- 
dia. The documents are hyperlinked from relevant pages in the 
encyclopedia. This makes available a number of documents that are 
out of print and are therefore difficult to find, and some others that 
are difficult to access elsewhere unless one knows exactly where to 
ook for them. Related documents have been compiled from diverse 
sources, for example, post-release studies on rehabilitated European 
hedgehogs (Erinaceus europaeus) and documents relating to the 2001 
foot-and-mouth disease outbreak in the United Kingdom. For all 
documents in the library, copyright remains with the originators, but 
by granting permission for them to be reproduced in the Wildpro 
ibrary, the copyright holders have allowed increased accessibility to 
hese documents. 


LINKS TO EXTERNAL WEBSITES 


For each volume, a List of Organizations has been developed, with 
information on the role of each of those organizations and links to 
the organizations’ websites, as appropriate. Every effort is taken to 
ensure that the information is correct at the time of publication; the 
editors welcome entry revisions and updated information. 


PICTURES AND VIDEOS 


Many pages are illustrated with annotated pictures, for example, of 
species and their identification features, appropriate enclosure 
design, and so on. Additionally, video clips of procedures have been 
provided, ranging from blood sampling of different bird species, to 
necropsy of wild ungulates, to several methods of endotracheal intu- 
bation of rabbits. Bonobos: Health and Management includes a video 
on natural behavior. As with library documents, image and video 
copyrights remain with the originators, and work is underway to 
expand this area in the future. 


WILDPRO VOLUMES 


Development of Wildpro is a huge task that is being carried out 
in volumes, based on taxonomic groups, diseases, management 
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situations, or the urgent need for information in specific areas, as 
opportunity and funding allow. The first volume, Waterfowl: Health 
and Management was published online and on CD-ROM in 2000; 
to date, 16 volumes have been written, and five more are in 
development. 

Waterfowl: Health and Management provides identification and 
natural history information on all species of ducks, geese, and swans, 
including their husbandry, diseases, disease agents, veterinary care, 
and wetland management.’ Other taxa for which “Health and Man- 
agement” volumes have been written are the West European hedge- 
hog Erinaceus europaeus, bears, rabbits and their relatives (hares and 
pikas), ferrets, and bonobos. In each case, the volume provides 
information on the appearance, identification and natural history of 
he species, captive management (with both taxon and individual 
species-specific information, e.g., on bears and waterfowl), diseases, 
and veterinary care; additional relevant information such as garden 
management for hedgehogs is included. Elephants: Diseases and Treat- 
ment contains information on natural history, diseases, and treat- 
ments, complemented by several sets of elephant management 
guidelines in the Electronic Library.” 

Wildpro volumes on diseases, including Foot-and-Mouth Disease, 
West Nile Virus, Chronic Wasting Disease, are comprehensive reviews 
of the disease, the pathogen, and options for surveillance and man- 
agement.'* Rabies in Raccoons: Biology and Behaviour looks at the 
interesting link between the natural history and normal behavior of 
raccoons (Procyon lotor) and the variant of raccoon rabies. Viral 
Diseases of Great Apes: Part 1 provides detailed information on the 
diseases of great apes, including retroviral diseases (simian T-cell 
leukemia virus infection, simian immunodeficiency virus infection, 
and simian foamy virus infection), a-herpes virus infections (chick- 
enpox and herpesvirus hominis [simplex] infection), and lympho- 
cytic choriomeningitis infection. 

Technique- or management-based volumes provide the informa- 
tion needed to manage a particular situation. UK Wildlife: First Aid 
and Care covers all the principles of management of wildlife casualty, 
including catching, handling, assessment, housing, feeding, hand- 
rearing, release, euthanasia, and (where appropriate) long-term care 
options, together with records and legislative considerations. All 
information, except the specific species information and U.K. legisla- 
tion, is relevant for wildlife casualty care worldwide. Wildlife: Oil 
Spill Response considers all the steps required in treating wildlife 
affected by oil spills, from contingency planning and initial assess- 
ment of an oil spill, through wildlife capture, pre- and postwashing 
care, washing, release, and post-release monitoring, as well as con- 
siderations of facilities and staffing, human health, teamwork, 
command structure, public education, risks to different habitat 
types from oil extraction and oil cleanup operations, the effects 
of oils on birds and other species, and potential secondary and 
infectious disease conditions. “” Pain Management in Ruminants 
covers the neurophysiology of pain, analgesic drugs and their phar- 
macokinetics, and pain prevention, assessment, and alleviation; it 
also discusses the reasons for pain control and failure of pain relief 
or lack of use.” Disease Investigation and Management, which includes 
the entire U.S. Geological Surveys Field Manual of Wildlife Dis- 
eases,'” assists anyone, whatever their level of formal training in this 
area may be, to investigate a disease outbreak logically so that essen- 
tial observations are made and appropriate samples are taken and 
recorded. 

A volume covering 20 pathogens and associated diseases has been 
completed recently as part of WildTech (a project developing novel 
technologies for the surveillance of emerging and reemerging wildlife 
diseases, supported by the European Commission under the Food, 
Agriculture and Fisheries, and Biotechnology Theme of the 7th 
Framework Programme for Research and Technological Develop- 
ment, grant agreement no. 222633). Forthcoming volumes include 
“Health and Management” volumes on snow leopards (Uncia uncia), 
waders (shorebirds) and terns, and cranes; and a volume entitled 
Environmental Enrichment: Principles and Practice. 


ACCESSIBILITY AND OPEN ACCESS 


Wildpro is accessible both online and on CD-ROM (now DVD). This 
maximizes availability, particularly in the developing world, where, 
even in the 21st century, Internet access may be unavailable, inter- 
mittent, or very expensive. Finished volumes have been produced 
as stand-alone CD-ROMs or DVDs, and the entire Wildpro encyclo- 
pedia has been expanded on the dedicated website.” 

In 2007, with the aim of making information extensively avail- 
able, Wildpro became an open-access resource in the developing 
world. In 2011, after the Wildlife Information Network had been 
merged into Twycross Zoo—East Midland Zoological Society, the 
website was made open access worldwide to ensure free availability 
of valuable information and to promote the continued improvement 
of wild animal husbandry and well-being worldwide.’ 


THE FUTURE 


It is inevitable that many subjects have not yet been covered in depth 
within Wildpro. More of the information jigsaw will be filled as 
opportunity and funding allow. Additionally, it is hoped that the 
Library will be expanded, as this is a potential repository for many 
texts, for example, animal health management protocols, in-house 
animal guidelines from relevant organizations, and out-of-print 
books and booklets. Additional photographs, diagrams, and videos 
are welcomed by Wildpro, and anyone willing and able to provide 
these is asked to e-mail debra.c.bourne@gmail.com. The aim is to 
make Wildpro a part of a larger conglomeration of information that 
is used, for example, in the new semantically enabled information 
analysis systems.” 


REFERENCES 


1. Bexton S: Book review [CD-ROM review]. Vet J 173:702-703, 2007. 

2. Boardman S, Dein FJ: VVILDPRO Multimedia: An electronic manual on 
the health, management and natural history of captive and free-ranging 
animals. In Proceedings of the American Association of Zoo Veterinarians and 


14. 


10. Friend M, Franson JC: Field manual of wildlife diseases 


the American Association of Wildlife Veterinarians Joint Conference, 1998, 
pp 107-108. 


. Boardman SI: Are welfare and conservation compatible? In Proceedings of 


the BVA Congress, 1995. 


. Boardman SI, Bourne D, Dein FJ: Linking interdisciplinary information: 


“WILDPro® a novel data management system and extensive fully refer- 
enced electronic information source. In Proceedings of Interspill, 2000, 
pp 223-229. 


. Boardman SI, Dein FJ: Development of an electronic wildlife manage- 


ment manual. In Proceedings of the European Association of Zoo and Wildlife 
Veterinarians (EAZWV) Ist Scientific Meeting, 1996, pp 195-200. 


. Bourne D, Dein FJ, Boardman SI: Potential mechanisms for interrelating 


information on a cross-specific basis using information technology. In 
Proceedings of the 39th International Symposium on the Diseases of Zoo and 
Wild Animals, 1999, pp 297-299. 


. Bourne DC, Boardman SI: WIN and Wildpro: From initial concept to 


open access and beyond. In Proceedings of the International Conference on 
the Diseases of Zoo and Wild Animals, 2011, pp 57-62. 


. Bouts T: Elephants: Diseases and treatments [CD-ROM review]. Anim 


Welfare 17:202—203, 2008. 


. Chitty JR: Responding to oil spills [CD-ROM review]. Vet Rec 160:29, 


2007. 


general field 
procedures and diseases of birds, Washington, DC, 1999, U.S. Geological 
Survey. 


11. Friend M: The wildlife factor. In Friend M, editor: Diseases emergence and 


resurgence: The wildlife-human connection, Circular 1285, Reston, VA, 
2006, US Geological Survey, pp 129-189. 


12. Jones RS: Book review [CD-ROM review]. Vet J 171:579—580, 2006. 
. McGuinness DL, Wang P, Fu L, et al: Towards semantically-enabled 


exploration and analysis of environmental ecosystems. In Proceedings 
of the E-Science, 2012 IEEE 8th International Conference on E-Science, 
2012. 

Wesenberg K, Friend M: How to find and access published information 
on emerging infectious diseases. In Friend M, editor: Diseases emergence 
and resurgence: The wildlife-human connection, Circular 1285, Reston, VA, 
2006, US Geological Survey, pp 273-299. 


726 PART V © GENERAL ZOO AND WILD ANIMAL TOPICS 


The importance of high-quality records in zoos, with well-organized 
and standardized information, has long been recognized as a critical 
part of improving animal management practices within an institu- 
tion.’ The importance of combining information from multiple insti- 
tutions has, however, been less appreciated for many years. Each 
institution that contributes information increases the sample size for 
analysis and enhances the ability to detect events that are otherwise 


too rare to reach significance within the experience of a single institu- 
tion. However, the ability to easily combine records from different 
institutions to create an integrated database is predicated on the 
assumption that the records adhere to a common standard.” The 
advent of computerized records has driven the acceptance of single 
data standards in many industries, and universal electronic medical 
records in the human medical field is being widely cited as the tool 
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that will improve health care while lowering costs. Indeed, sophis- 
ticated data mining is already being applied to large medical data- 
bases to detect drug interactions too rare to be detected during 
normal clinical trials.’ 

The International Species Information System (ISIS) was founded 
in 1974 to assist zoos and aquariums with meeting long-term con- 
servation and animal management goals by providing information 
management services and a centralized database of zoo animal infor- 
mation. About 50 zoos in North America and Europe became the 
initial members of this network. Over the subsequent years, ISIS has 
grown to more than 800 member zoos, aquariums, and related 
organizations in almost 80 countries. Software design and develop- 
ment became an integral part of ISIS services, and ISIS users have 
created the world standards for zoologic data collection and manage- 
ment. Currently, the global Zoological Information Management 
System (ZIMS) database contains information on about 2.6 million 
captive wildlife specimens, encompassing some 10,000 species. 

The ISIS database has always had a medical component, compil- 
ing hematology and blood chemistry result values and producing 
some of the earliest reference intervals for captive wildlife species. 
Starting in 1985, ISIS began developing MedARKS, a medical records 
database system to meet the needs of the zoologic community. The 
MedARKS software was neither the first software designed for zoo 
medical records”” nor the last,” but it has been the most widely 
adopted, vvith more than 100 institutions actively using it in 2012. 
The ISIS member institutions using this product hold nearly 13 
million medical records in a common format. 

The MedARKS software includes tools to permit electronic trans- 
fer of medical information from one MedARKS institution to another. 
These tools allow the complete medical history of an animal to easily 
follow that animal to another institution and remain fully searchable 
at the next institution. The same data transfer tools also allow 
medical records from multiple institutions to be compiled into a 
single data set. 

One of the earliest usages of MedARKS records was for the 
“Medical Management of the Orangutan” manual.'’ This year-long 
effort gathered the medical records of 249 orangutans held at 41 
North American institutions and then manually summarized that 
medical information by body system, with additional chapters on 
other topics. The anesthesia section was used as a “proof of concept” 
project for the value of standardized records, with only MedARKS 
records being used in the compilation and analysis of anesthesia 
information. A total of 131 anesthesia events were available in the 
MedARKS data format, and the data transfer tools allowed the coop- 
erating institutions to submit their data electronically. Software rou- 
tines automated the entire compilation and analysis process, allowing 
the summary to be produced in a matter of days. 

The resulting report provided zoo veterinarians with a summary 
of the drugs and drug combinations commonly used in orangutan 
immobilizations at that time, along with the mean administered 
dosage (milligram per kilogram [mg/kg]) for each drug. In addition, 
the analysis revealed that complications during anesthesia occurred 
during just 10 of the 131 events and that males were much more 
likely to experience complications during an immobilization (8 of 
10). As male events only represented about 40% (54 of 131) of the 
records in the database, this meant that male orangutans experienced 
anesthetic complications about six times more frequently compared 
with females. Few institutions could ever have generated sufficient 
orangutan anesthesia records to detect the increased risk of compli- 
cations in male orangutans, but this became immediately obvious 
when anesthesia records from multiple institutions were combined 
for analysis. This is the sort of knowledge that may directly impact 
the medical management of a species and was an early demonstration 
of the practical value of standardized, computerized medical records 
in zoologic medicine. 

Historically, expected results (or reference intervals) for diagnos- 
tic tests were unknown or poorly defined for many captive wildlife 
species. Relatively few published reference intervals for wildlife 
species were available, forcing clinicians to rely on extrapolation of 


knowledge derived from domestic animal or human medical prac- 
tice. As a result, interpretation of diagnostic test results may be 
challenging. Providing appropriate hematology and serum chemistry 
reference intervals to zoo clinicians for captive wildlife species was 
a very early goal for ISIS. Meeting that goal has been, and continues 
to be, quite difficult, but ISIS has made significant progress in this 
area with the production of a number of publications. 

The American Society for Veterinary Clinical Pathology guidelines 
recommends 40 results as the minimum for calculating a reference 
interval.' This is a small sample size within the context of domestic 
animal populations, but a zoologic institution holding only 5 or 6 
individuals of a long-lived species could take years to accumulate 
enough test result values to generate a valid reference interval for 
hat species. Cooperation between multiple institutions is one solu- 
ion for producing reference intervals within a reasonable period, 
when only a few test result values are held by any single institution. 
Even within the human medical field, in some situations (e.g., pedi- 
atrics), suitable samples are so rare that initiatives to compile results 
from multiple institutions have been used to gather enough data for 
calculating a reference interval.’ For a zoologic institution holding 
hundreds of different species, this cooperative approach becomes the 
only viable solution for producing reference intervals for a significant 
proportion of their collection. 

ISIS has taken this cooperative approach to an impressive level 

with its series of publications containing reference intervals for a 
large number of captive wildlife species.'°'''’ Institutions using 
MedARKS submit results in a standardized format to a central 
database. The 1999 publication compiled information from 129 
institutions, and the level of cooperation has risen with each subse- 
quent publication, reaching 183 cooperating institutions for the 
2013 publication. The current database contains more than 6.5 
million results obtained from 348,000 blood samples. Despite this 
unprecedented level of cooperation, obtaining a sufficient number 
of results for any individual species is still challenging, with the 
majority of species in the database having results from less than 
30 samples. The 2013 publication limited calculations to the 913 
species and subspecies with at least 50 samples in the database. In 
keeping with the American Society for Veterinary Clinical Pathology 
(ASVCP) guidelines, reference intervals were only calculated for tests 
with at least 40 results (Figure 78-1). Clearly, limitations are imposed 
by amalgamating results from so many different institutions, but 
hese reference interval publications are used on a daily basis by 
many zoo clinicians and are widely cited in the literature. This 
project remains another demonstration of the power of standardized 
records and the value of cooperative projects within the field of zoo 
medicine. 
Clinical studies in human or domestic animal medicine may 
involve hundreds, sometimes thousands, of subjects, making it more 
ikely that cases of a particular disease or condition will be encoun- 
ered. The small populations typically available to zoo veterinarians 
impose constraints and limitations that may not be obvious. With 
only a small population under medical care, even defining the 
common medical issues for a species may be challenging. It should 
be no surprise then that even relatively common medical problems 
in zoo species may remain incompletely understood several decades 
after their first description (e.g., hemolytic anemia syndrome in the 
black rhinoceros).* Rarer diseases may be known to zoo clinicians 
only from single case reports, and access to sufficient clinical cases 
to allow for comparison of different treatments is an exceptional situ- 
ation in zoologic medicine. 

The Zoological Information Management System (ZIMS) is the 
next generation of software from ISIS. This Web-based, real-time 
global database of captive wildlife information will change many 
aspects of the science of zoo biology. The first release of ZIMS is 
currently being used by more than 600 ISIS member institutions to 
maintain their animal records, with all ISIS members expected to 
adopt it by the end of 2014. The next major release of ZIMS is in 
preparation and, when complete, will bring medical records to the 
global database. The initial medical records module will make 
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FIGURE 78-1 Hematology reference intervals for Vulpes zerda calculated by ISIS from data submit- 
ted through the MedARKS software. On average, each zoologic institution held results for less 
than 10 blood samples, a number insufficient for calculating a valid reference interval. (From Teare 
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extensive use of the existing MedARKS standards, easing the task of 
data migration from the existing institutionally based, MedARKS 
record system to the ZIMS global database. 

Zoo clinicians need and are looking for medical information 
about a wide variety of species in their care, and this information 
may not be readily available within the existing literature. The Inter- 
national Zoo Veterinarians Forum (IZVF), hosted by ISIS (http:// 
izvf.portal.isis.org/default.aspx), is an online forum for zoo clinicians 
to post queries and obtain ansvvers from the community: A quick 
revievv of recent postings on the forum shovved that 896 of queries 
concerned anesthesia and sedation protocols in a specific species, 
16% was about information on the use of a specific drug or drug 
recommendations for treating a particular condition in a specified 
species, 8% sought information on expected results (reference inter- 
vals) for physiologic or biochemical measurements in a specified 
species, and another 16% asked about a particular medical condition 
in a specific species. 

Once the existing MedARKS records have been added to the 
ZIMS medical module and a global medical database exists, answers 
to many of these queries from the zoo community could be directly 
obtained from that accumulated knowledge. A single global database 


dramatically increases the ability to examine that information for 
patterns and to produce useful summaries for zoo clinicians. The 
existing hematology and blood chemistry reference intervals could 
be updated more frequently and with less effort, since the informa- 
tion is already consolidated. In addition, the reference intervals may 
more easily be expanded to include additional tests and measure- 
ments. However, these biochemical and physiologic measurements 
and the resulting reference intervals are really just the tip of the 
information iceberg. 

Analysis of prescription records in the system could easily deter- 
mine whether drug X has ever been used in species Y. If records were 
present, the dosage and dosing frequency information would also 
be available. The incidence of adverse effects reported for these 
prescriptions and the severity of any adverse effects could also be 
extracted from the database and reported to the clinician. Although 
the results of such a query would not constitute a true drug formu- 
lary for a species, these results would still provide zoo clinicians with 
the information needed to improve treatment decisions for the 
captive wildlife species in their care. 

The analysis performed on the orangutan anesthesia records 
could also be performed for any other species with sufficient records 
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in a global database. The results of such an analysis would not only 
provide clinicians with information about the drugs and drug com- 
binations used, but with sufficient records, the analysis might indi- 
cate which protocols are associated with the fewest complications 
and the best recoveries. Queries that might require days for a 
response through the IZVF could be answered in minutes by using 
he global database records, and the answer would contain specific 
and useful information. 

These quantitative types of medical information are easily ana- 

lyzed, and the resulting summaries provide immediate support for 
zoo clinicians. Medical records also contain information that is not 
of a quantitative nature. Clinical signs, clinical findings, diseases, 
conditions, and other medical issues are also part of a records 
system. This type of information is included as part of the MedARKS 
records and will also form part of the ZIMS global medical database, 
but standardizing this portion of the medical records is more diffi- 
cult. Yet standardization is crucial, and accurate counts of the inci- 
dence of a medical issue in a species rely on a system capable of 
recognizing all equivalent terms. ZIMS is being designed to handle 
hese equivalencies in terminologies, including translations into 
other languages. 
Underlying every diagnostic process is the assumption that the 
clinician is aware of the most common diseases and medical prob- 
ems in the species being examined. When that medical knowledge 
is combined with observed clinical signs and findings, sometimes 
with adjustments for age and gender, the clinician may be able to 
create a rational differential diagnosis list. That differential diagnosis 
ist suggests additional testing to help resolve the diagnostic process 
in favor of one or other of the competing theories. For captive wild- 
ife, the baseline knowledge regarding the most common medical 
issues seen in a species may be minimal. 

This is not to say that the start of these differential diagnosis lists 
do not already exist for some captive wildlife species. When pre- 
sented with an elderly male gorilla, most zoo clinicians would have 
some concern about cardiac disease, even in the absence of overt 
clinical signs. However, for many captive wildlife species, that 
primary assumption with regard to the common medical issues 
afflicting a species is often the weakest point in the diagnostic 
process. The zoo clinician may have to rely on knowledge obtained 
from experiences with related species. 

Strengthening this primary knowledge about the common dis- 
eases seen in a species has long been recognized as important. Vet- 
erinary medical advisors for a Species Survival Plan committee often 
attempt to compile such lists of medical issues for their species of 
interest, using existing medical and pathology records. Currently, all 
this work requires reading the medical records and manually coding 
the results. It is a labor-intensive process, and as a result, these 
attempts to define the common medical issues have impacted rela- 
ively few species of captive wildlife. 

MedARKS is a problem-oriented records system, and it maintains 
a master problem list. Unfortunately, some 20 years of experience 
with the MedARKS system has shown that the standardized problem 
ist is not used as extensively as other parts of the system. In addi- 
tion, even when used by an institution, it may not be complete. 
Maintaining a complete master problem list is a time-consuming 
ask, and that is certainly a concern for busy clinicians. Incentive is 
another major cause for this breakdown between the desire for 
complete medical records and the actual outcome. Human and 
domestic animal medical record systems often link the diagnosis to 
the billing system, providing a financial incentive that is absent in 
zoo medicine. 

Standardized diagnoses within ZIMS will allow automated pro- 
cessing of this portion of the medical records. Lists of the medical 
diseases and conditions seen in a species will be easily compiled and 
the incidence of each diagnosis could be tallied. Over time, the most 
frequently seen medical issues for a species will become apparent. 
ZIMS will also be able to associate clinical signs and findings with a 
final diagnosis, eventually allowing clinicians to query the system 
about the most frequent diagnoses linked to a specific set of signs 


and findings. At this point, the system starts to resemble an expert 
system. However, this objective may only be achieved if we resolve 
the discrepancy between the data needs of the community and the 
data entry limitations that are a consequence of time restraints on 
individual clinicians. 

ZIMS will attempt to change this model and will include tools 
designed to significantly ease the burden of maintaining the list of 
diagnoses, clinical signs, and findings. Incentivizing clinicians to 
increase use of this portion of the records system is a problem that 
remains to be resolved. One solution that has been proposed is to 
link usage of the diagnosis portion of the record to accessing infor- 
mation extracted from the quantitative sections of the system. The 
MedARKS experience has shown that clinicians do value information 
such as reference intervals, which may only be extracted from the 
accumulated records obtained from multiple institutions. ISIS 
believes that clinicians will find summaries of drug use and anesthe- 
sia experience in a species to be just as valuable. If access to this 
information becomes a function related to ongoing usage of the 
problem-oriented portion of the system, this may serve as the incen- 
tive needed to improve the ZIMS records, although the exact mecha- 
nism of such a function is likely to be complex. 

Regardless of the difficulties associated with both standardizing 
diagnoses and increasing data entry compliance from clinicians, 
obtaining information about medical issues must remain an impor- 
tant goal for ISIS. Significant efforts have already been devoted to 
this portion of the system, and tools will be provided to both assist 
with data entry and to improve data comprehensiveness. Access to 
the global ZIMS database for the quantitative records will have a 
significant impact soon after deployment, but it is the long-term 
result of getting standardized medical diagnoses and other issues into 
the system that will fundamentally change the practice of zoologic 
medicine. 
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HISTORY AND BACKGROUND 


The first description of a “flying syringe,” which used an acid—base 
reaction to administer drugs to animals from a propelled aluminum 
dart, was published in 1958.* Unfortunately, this ingenious idea has 
remained largely unchanged over the past 55 years, and most new 
developments are mere refinements of this original concept. 

Since field capture of wild animals may cost a large amount of 
money per animal, in terms of personnel and transport costs, remote 
injection systems need to be efficient and reliable. ° Precision is of 
major importance as, in the field, usually only one chance is available 
to hit the animal. After the initial firing noise, the animal usually 
flees. Furthermore, the preferred target area on an animal may only 
be a few square centimeters (em?) in small animals. If imprecise 
remote injection systems are used, the shot may be misplaced, 
wounding or killing the animal or missing the animal entirely.'' The 
risk of severe tissue disruption, including hemorrhage, necrosis, and 
bone fractures, increases when using pressure-driven injection 
systems, which strike the animal with high-impact energy. A thor- 
ough understanding of the equipment and the anesthetics employed, 
in conjunction with professional training in wildlife chemical immo- 
bilization, are important to prevent accidents. 

Since it is hard to approach free-ranging animals, remote injection 
systems need to be able to hit the animal over long distances without 
wounding the individual. Especially for the capture of free-ranging 
wildlife, the available products on the market are unsatisfactory in 
their performance with respect to range, accuracy, and precision. 
Because of the inherent constraints engendered by the necessarily 
lightweight darts and acceptable impact energy, it appears unlikely 
that novel solutions will markedly improve on the future perfor- 
mance of today’s projector. A rise in animal welfare awareness and 
concerns has given rise to the clear trend in the past decade toward 
compressed gas projectors, which allow for the continuous adjust- 
ment of pressure according to target distance. In general, higher 
pressures result in a faster dart that flies further. However, wind 
resistance places limitations on this by rapidly slowing the dart. Darts 
propelled by carbon dioxide (CO)) projectors usually travel at about 
40 to 60 meters per second (m/s). In contrast, cartridge-propelled 
darts fired from extra-long range projectors have been measured to 
have mean impact velocities of up to 113 m/s.*"” The manufacturers’ 
recommendations are, at best, only a guide, and the users of remote 
injection systems must individually calibrate their rifle or dart com- 
binations by finding the best pressure settings. With regard to the 
effective shooting range, a significant disparity exists between the 
technical specifications and the results in the field. In a study on dart 
gun range and precision, none of three remote injection systems, 
apart from the Pneu-Dart X-Caliber (Pneu-Dart Inc., Williamsport, 
PA), attained the effective shooting range specified by the manufac- 
turers. In this study, a correlation was observed between a stable dart 
trajectory and the pressure setting of the rifle. Trajectories remained 
stable up to a certain, rifle-specific, pressure. When this pressure was 
exceeded, the dart trajectory became unstable.’ 


What’s New 


The different calibers offered currently make dart guns less user 
friendly. Manufacturers offer dart guns with interchangeable barrels, 
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but changing barrels is time consuming, as the user needs to “sight” 
in the new barrel before use. Developments in the field include a 
double-barrel dart gun, the JM.DB (Figure 79-1) made by Dan-Inject 
(DAN-INJECT ApS, Borkop, Denmark) featuring either two identical 
barrels or an 11-mm barrel and a 13-mm barrel, which alleviates the 
caliber problem, as the gun is capable of propelling virtually all darts 
available for CO, guns. 

In remote, open-range situations where helicopters are not readily 
available for capture of animals, veterinarians regularly find them- 
selves frustrated by large flight distances exceeding 1 kilometer (km) 
or more. To address this problem, stationary, remote-controlled, 
video-enabled dart guns have been used at waterholes or feeding 
sites. 7! 


Darts 


Recent advances in the field include lighter 5-milliliter (mL) 
11-mm Q slow air injection darts that may be used in the standard 
11-mm barrels. This greatly simplifies the use of these larger 
volume darts. Several producers now have very-high-frequency 
(VHF) transmitters available to facilitate tracking and recovery of 
the darted animal (TeleDart GmbH & Co. KG, Westheim, Germany; 
Dist-Inject International, Basel, Switzerland; DanWild LLC, Austin, 
TX) (Figure 79-2). 

Pneu-Dart, Inc. now offers VHF transmitters that have an 
extended range of operation for their 13-mm rapid-injection darts. 
These transmitters have been tested under steppe-desert field 
conditions, where a signal may be received up to a distance of 1000 
meters (m). However, if the animal becomes recumbent on the 
transmitter dart, the maximum range is halved. Additionally, these 
transmitters may be supplemented with flashing LEDs (light-emitting 
diodes) on the tailpiece for night visibility (see Figure 79-2, D). 
This feature has proven useful when shooting in darkness to deter- 
mine a hit. 

A prototype for remote application of passive identification tran- 
sponders based on a Pneu-Dart model dart was recently shown to 
offer new opportunities in this regard.”” Additionally, Pneu-Dart now 
offers gun-mounted LEDs to illuminate the barometer, which is also 
extremely helpful when working during the night (Dial face illumi- 
nator, Pneu-Dart, Inc. Williamsport, PA). 


PHYSICAL RESTRAINT DEVICES 
Net Guns 


Similar to dart guns, currently two types of handheld net guns are 
available. Nets are either propelled by blanks or compressed-gas 
cartridges. Options for handheld, lightweight net guns that are 
shaped like a flashlight are the Super Talon Ultra (Advanced Weapons 
Technology Inc., La Quinta, CA), the MagNet small animal net gun 
(Figure 79-3) (Wildlife Capture Services LLC., Flagstaff, AZ), and 
the NetGun-System Gladiator (Zooprofis, Natendorf Wessenstedt, 
Germany). Nets are fired at approximately 6 to 7.5 m/s (20 feet per 
second [ft/s] to 25 ft/s). Various net and mesh sizes are available. 
Larger net guns, including stationary devices for the capture of 
groups of birds or even larger animals, are currently offered by Coda 
Enterprises Inc. (Mesa, A), Wildlife Capture Services LLC (Flagstaff, 
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FIGURE 79-1 The Dan-Inject JM.DB.13 (Courtesy DAN-INJECT 
ApS, Borkop, Denmark.) 


FIGURE 79-2 Current transmitter darts. A, Dist-Inject 11 millimeter 
(mm). B, Tele Dart 11 mm. C, Pneu-Dart. D, Pneu-Dart flashing LED 
tailpiece. (A, Courtesy Dist-Inject International, Basel, Switzerland; 
B, Courtesy TeleDart GmbH & Co. KG, Westheim, Germany; C, Cour- 
tesy Pneu-Dart Inc., Williamsport, PA.) 
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FIGURE 79-3 Current net launchers. A, MagNet small animal 
net gun. B, Dist-Inject Net Launcher CO,. C, Dist-Inject Big Net 
Launcher (cartridge operated). (A, Courtesy Wildlife Capture Services 
LLC., Flagstaff, AZ; B, Courtesy Dist-Inject International, Basel, 
Switzerland.) 


AZ), Dist-Inject International (Basel, Switzerland), and ACE Capture 
(nvercargill, New Zealand) to name but a few (see Figure 79-3). 
In these authors’ opinion, net gun use in wild animals should be 
limited to situations where chemical immobilization is not feasible. 
If netting is used, sedation of the animal upon approach via intra- 
nasal application of a sedative has been proven to have a beneficial 
effect.’ Comparative publications on net gun capture methods and 


their side effects are numerous. However, results are highly variable 
because of the diverse set of factors that need to be considered. The 
largest coherent data set (n = 3350) examining net gun captures of 
white-tailed deer (Odocoileus virginianus) was published by Webb 
et al. in 2008.*' They report an injury incidence of 8.4%, where 73% 
of injuries were inflicted on antlers. Furthermore, capture-related 
mortality is estimated at 1.3% (confirmed 0.7%). Caution is certainly 
warranted, and significant experience is required when physical 
restraint is employed in wildlife. 


Other Equipment 


A newly developed catchpole, the ACES Dual Release Catch Pole 
(patent pending) (Animal Care Equipment & Services, LLC, Boulder, 
CO), allows for both instant enlarging of the noose and the quick 
release of the noose. This is a vast improvement on previous models 
that only allowed for enlarging the noose. 


CONDUCTED ELECTRICAL WEAPONS 
Background 


Today, conducted electrical weapons (CEW) are used by numerous 
law enforcement agencies for the short-term incapacitation of 
humans. CEWs work with two gas-propelled, barbed darts con- 
nected to the main unit via wires that deliver pulsed electrical cur- 
rents to a target and back to the main unit creating an electric circuit, 
with the target acting as a resistor or capacitor model. The pulse 
energy delivered by modern CEWs is usually between 0.9 and 10 
Joules (J) at a rate of around 20 pulses per second.” The functional 
principle is not entirely clear, but it is thought that the pulsed dis- 
charges lead to a depolarization of efferent &-motor neurons and 
afferent sensory neurons, resulting in uncontrollable clonic contrac- 
tions of skeletal muscle groups and the sensation of pain.” Undi- 
rected stimuli must have sufficient strength and duration to induce 
action potentials in neurons or effector cells. Hence development of 
CEWs has been directed toward the induction of sub-tetanic muscle 
contraction of the skeletal muscles.'>!° Numerous prospective scien- 
ific studies have examined the pathophysiologic side effects of 
CEWs, such as electrocardiogram changes, myocardial capture (a 
direct response of the heart rate to the discharge pulses by CEW), 
respiration, blood gases, troponin values, effects of exertion, intoxi- 
cation or anesthesia in both human and animal models, with little 
o no evidence of major side eflects.”” Discussion on the topic is still 
ongoing, with more scientific articles supporting a strong safety 
profile for CEWs. It needs to be stated, however, that most studies 
used small sample sizes, and some have received funding from the 
industry or U.S. federal agencies that are linked to security services. 
This, in our view, places severe constraints on conclusions that may 
be drawn from the data.” 


Use in Animals 


The Taser company (TASER International, Inc, Scottsdale, AZ), in 
cooperation with the Alaska Department of Fish and Game (ADFG), 
has developed the commercially available, TASER X3W Wildlife 
CEW, which has been adapted for use in wildlife (Figure 79-4). The 
manufacturer suggests the X3W in situations requiring hazing or 
short-term immobilization of wildlife for various reasons. According 
to the manufacturer, articles in popular scientific journals, and the 
Internet, the X3W has proven effective in immobilizing the moose 
(Alces alces), brown bear (Ursus americanus), collared peccary (Pecari 
tajacu), and deer (species not known), to name a few.'*'* While 
scientific evidence regarding the usefulness and safety of the X3W 
and its use in wildlife is still pending, extrapolation from the avail- 
able human and laboratory animal dataset provided initial insights. 
It is more than obvious that the use of such a device should be 
limited to use when all other options have failed. Even though the 
use of the device has proven to be relatively safe in humans, pain 
and distress will certainly be inflicted on a conscious animal. This is 
in stark contrast to the modern concept of animal immobilization 
and anesthesia. 
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FIGURE 79-4 TASER X3W Wildlife CEW. (Courtesy TASER Interna- 
tional, Inc, Scottsdale, AZ.) 


Indisputably, the X3W expands the toolbox of wildlife veterinar- 
ians working with potentially dangerous animals, but in these 
authors' opinion, it should generally be regarded as a “less than 
lethal” option for human safety rather than just another option for 
short-term immobilizations. Although the X3W features a timer that 
allows for the predefined application of discharges (hands-free use), 
the duration of exposure suggested by the manufacturer is limited 
to less than 60 seconds. 


Limitations 


As the gas-propelled darts of the X3W stay connected to the main 
unit via DuPont Tefzel ETFE fluoroplastic-coated wires, it needs to 
be mentioned that the maximal distance to the target is about 11 m 
(approximately 35 ft). When being attacked, the user of the dart 
should keep in mind that this is a very short distance, easily covered 
within a second by most of the larger quadrupeds. 
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Most zoo clinicians have, at one time or another, encountered a case 
in which they diagnosed or suspected a zoonotic disease. For the 
purposes of this chapter, a zoonotic disease is defined as any infec- 
tious disease that may be readily transmitted between animals and 
humans. When a serious zoonotic disease is identified, often the 
demand for action is urgent, and little time is available to make 
systematic and intentional decisions. In contrast, when a subtle 
disease incident occurs, it may be completely overlooked and no 
specific action taken. In either case, we may fail to handle the situ- 
ation in the best interests of the health and safety of the animals, 
staff, and guests. 
To focus our efforts, it may be useful to ask several key questions, 
including the following: 
What circumstances should trigger a zoonotic disease investiga- 
tion and response? 
$ Who is responsible for making decisions about public health 
implications? 
Who should be notified, and what do we say? 
Do we need to report to government regulators? 
What do the caretakers of the animal need to know? 
Do we need to isolate the animal, and if so, what procedures 
should we implement? 
How do we handle contaminated waste? 
$ How do we manage the medical care of the infected animal? 
This chapter suggests a strategy to answer these questions using 
a systematic process when dealing with a zoonotic disease occur- 
rence in a zoo setting. 


* 
* 
* 
* 


* 


SYSTEMATIC PROCESS 


Having a systematic process for managing a zoonotic disease occur- 
rence reduces the risk of mishandling them. The consequences of 
mishandling may be significant. The implications to the animal, its 
caretakers, the public, the institution, and our professional reputa- 
tions may quickly become overwhelming. Failure to respond prop- 
erly may lead to unnecessary human and animal illness or, in 
contrast, an overreaction to perceived risks. Other animals in contact 
with the infected animal may be put at risk. Public health may be 
compromised through unnecessary contact and exposure of disease 
agents to employees and guests. A zoonotic disease outbreak could 
affect the reputation of the institution, leading to public concern and 
adverse economic consequences. Media attention may become mis- 
directed. Even our professional reputation could be damaged by 
improperly handling the many issues that come up when a zoonotic 
disease is identified. 

The chances of avoiding these undesirable consequences are 
improved by setting up a systematic process ahead of time (Box 
80-1). As a first step, it is important to identify triggers to initiate 
the process so that we do not overlook the occurrence of a zoonotic 
disease. 


Identifying Triggers 

The diagnosis or suspicion of a zoonotic disease in an animal or 
human contact should trigger the process to begin. Often, the trigger 
is a specific test result (e.g., a culture) reported from the laboratory. 


Another trigger may be the results of a postmortem examination that 
provide evidence of a zoonotic disease, either confirmed or sus- 
pected. A more unusual trigger could be an employee, volunteer, or 
guest who is diagnosed with an infectious disease that could have 
been acquired from contact with animals in the collection. A suspi- 
cion of a zoonotic disease may also act as a trigger (e.g., an outbreak 
of diarrheal disease in an animal contact area). 

Once triggered, a systematic approach should be implemented. 
This could be approached in several ways. In our practice, a zoonotic 
disease occurrence triggers each of the following steps: (1) notifying 
stakeholders; (2) isolating the animal from others; (3) managing the 
contaminated waste from the animal; (4) reporting to authorities, if 
appropriate; and (5) treating the animal or otherwise managing the 
clinical illness, if present. All these steps are important, but key steps 
that need emphasis may be different in each case. 


Notifying Stakeholders 


Once the process is triggered, the most urgent step is to notify the 
appropriate internal stakeholders involved in the care of the animal 
and the occupational health care provider for the facility. It may seem 
desirable to keep the situation quiet and avoid overreaction and 
unnecessary attention to the situation. Approaching the problem in 
that way, however, often leads to greater problems. It is critical that 
employees be informed so that they may take proper precautions 
and report signs and symptoms of disease that they may be experi- 
encing. It is useful to provide a written disease fact sheet to all 
stakeholders to remind them of the signs and symptoms. Well- 
written fact sheets on many zoonotic diseases are readily available in 
books, pamphlets, and from authoritative sources on the Internet.” 


Isolating the Animal 


This is the first of two important infection control steps. The veteri- 
nary and animal care staffs should determine whether it is appropri- 
ate to isolate the infected animal, the facility in which it is located, 
or both. The decision should be based on evaluating risks and fea- 
sibility. A quick risk assessment may be performed on the basis of 
the severity and contagiousness of the disease. This should be bal- 
anced against the feasibility of performing the isolation safely and 
effectively. Isolation should be done in the case of an animal housed 
in a public contact setting.’ 

As in quarantine, separate tools and equipment should be used. 
A footbath may be helpful to reduce the spread of contamination 
and to remind workers of the isolation entry control point. In addi- 
tion, this is a good opportunity to remind staff of the importance of 
proper hygiene (especially hand washing) and the use of appropriate 
personal protective equipment, and how to implement them. 


Handling Waste 


This is the next step critical for infection control. Instruct the animal 
care staff on proper waste disposal procedures, including disposal of 
bedding, to avoid spreading contamination. Contaminated waste 
should be disposed of through a sanitary sewer, if possible. Local 
and regional regulations for the disposal of biomedical wastes should 
be strictly adhered to. Proper disinfection of premises should be 
carried out by using disinfection best practices." 
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BOX 80-1 Steps in Managing a Zoonotic 


Disease Case in a Zoo 


1. Trigger—zoonotic disease identified or suspected 
2. Notifications—notifying and educating stakeholders 
3. Infection control: 

a. Animal isolation 

b. Waste management 
4. Regulatory reporting 
5. Medical management 


Reporting to Regulatory Authorities 


Some zoonotic diseases are reportable to regional public health and 
veterinary authorities. Reportable diseases vary with the region, and 
public agencies have different criteria with regard to what is report- 
able. Before such issues arise, it is helpful to develop a rapport with 
local public health departments. To keep alert to trends, it may be 
useful to develop an internal mechanism to track the zoonotic dis- 
eases that occur in a facility over time. 


Medical Management 


If indicated, the animal should be treated with appropriate antimi- 
crobials and follow-up diagnostics performed, as appropriate. Crite- 
ria for case resolution and an endpoint for patient and facility 
isolation (e.g., test negative and/or clinically normal) should be 
established. 


SAMPLE ZOONOSIS SCENARIOS 


The following scenarios, based loosely on actual cases, provide 
examples of how this process might be used in real-life situations. 
In each scenario, all steps are addressed, but each example highlights 
steps of key importance for that particular case. 


Shigellosis in a Mother-Reared Infant Gorilla 


The trigger to action in this case was the combination of suspicious 
clinical signs (diarrhea and general illness) along with the eventual 
positive fecal culture for Shigella sp. The key step in this case was to 
notify the keepers caring for the infant and the occupational health 
provider. A fact sheet from the Centers for Disease Control and 
Prevention (CDC) about shigellosis, including signs, symptoms, and 
method of transmission, was provided to the animal care staff. Isola- 
tion of the animal was not feasible, nor was it required because the 
risk of disease transmission to the keeper staff and public was low. 
The low risk was a result of primate biosafety precautions that were 
already in place as standard operating procedures for primate areas. 
Reporting to regulatory authorities was not required, but the case 
was added to an internal tracking log to aid in following trends. The 
animal was treated with antibiotics. The endpoint of the process was 
determined to be the resolution of clinical signs, not necessarily a 
negative follow-up fecal culture. 


Methicillin-Resistant Staphylococcus aureus in 
a Hand-Reared Elephant Calf 


The trigger to action in this case was the presence of pustular skin 
lesions in an elephant calf and its caretakers from which methicillin- 
resistant Staphylococcus aureus (MRSA) was isolated in culture.” A 
major effort was made to notify and educate caretakers about the 
disease and how to avoid being infected. In this case, the key steps 
centered on infection control—that is, animal isolation and waste 
management. The calf was isolated from unnecessary contact with 
staff and other animals. Elephant care staff wore personal protective 
equipment such as gloves, disposable coveralls, and rubber boots. 
Footbaths were placed in strategic areas, creating an isolation zone 


around the animal. Waste, especially contaminated bedding, was 
managed carefully, and the premises and surfaces were thoroughly 
disinfected. Discussions were begun with local public health authori- 
ties, who were instrumental in providing authoritative, unbiased 
information to the staff and the public. The calfs medical condition 
was managed with appropriate antibiotics, and the lesions quickly 
resolved, although the calf did not survive for other reasons. Employ- 
ees who developed lesions consistent with MRSA were also treated, 
and all were resolved. 


Interactive Lorikeet Aviary 


The trigger to action in this case was a Chlamydophila-positive poly- 
merase chain reaction (PCR) laboratory report from samples col- 
lected during routine flock surveillance. None of the birds in the 
large flock had shown evidence of disease. As a first priority, keepers 
and the occupational health provider were notified, and disease- 
specific educational materials were provided to those caring for the 
birds. For infection control, the birds that were PCR positive were 
isolated at the hospital, and the exhibit was temporarily closed to 
guests. Waste material was hosed into drains that went into the 
sewer. Additionally, the concrete substrate, perches, railings, and 
other surfaces were disinfected. Because this was a reportable disease 
in the region, the key step in this case was quickly reporting to public 
health officials, who were helpful in advising how to proceed with 
isolation and treatment procedures. With their agreement, all birds 
were started on treatment in their food for 45 days.’ The exhibit was 
reopened after 7 days of treatment, with good compliance. Birds 
hospitalized were released following treatment and documentation 
of PCR-negative samples. Routine surveillance of the birds continues 
to assess ongoing disease risks. 


CONCLUSION 


The consequences of mishandling a zoonotic disease occurrence may 
be enormous. A systematic process will help avoid mistakes and 
failures to act when a zoonotic disease is identified. Furthermore, a 
well thought-out process helps these situations to be handled con- 
sistently and professionally. 
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Contraception has become integral to the reproductive management 
o[ mammals. Contraception recommendations are incorporated into 
animal care manuals and master plans, and almost all zoos and 
aquariums in North America use contraception to control reproduc- 
tion. We use the term contraception to refer to methods that are 
designed to be reversible so that animals may return to reproduction 
at a later date if recommended to breed. In contrast, we use the term 
sterilization for methods that are considered permanent. For more 
extensive discussions of the issues surrounding contraceptive use 
and available methods, as well as complete citations, see Wildlife 
Contraception: Issues, Methods and Application’ and Wild Mammals in 
Captivity.* 


FEMALE METHODS 
Permanent Sterilization 


Permanent sterilization may be the best choice for those not likely 
to receive breeding recommendations in the future or that may have 
clinical conditions that make reproduction inadvisable. Ovariectomy 
removes the source of gametes as well as reproductive hormones, 
eliminating estrous behavior and secondary sex characteristics such 
as perineal swelling. Although removal of the uterus in addition to 
the ovaries is common for domestic dogs and cats in the United 
States, a comparative study of the two procedures in dogs has found 
no differences in prevalence of any of the anticipated side effects.*’ 
Information on potential side effects of ovariectomy is available 
primarily for dogs, cats, and humans. No data, however, are available 
on the potential for decreased bone density following removal of the 
ovaries in long-lived animals such as the great apes, but it may be 
assumed equivalent to the results for humans. 

Tubal ligation or blocking the oviducts by other means may be 
an option for species in which gonadal hormones are not associated 
with pathology (e.g., primates). However, it should not be used in 
female carnivores because the repeated cycles of elevated estrogen 
and progesterone levels increase the risk of mammary tumors and 
uterine infection and tumors. 


Reversible Contraception 


Steroid Hormones 

Progestins. Synthetic progestins (Table 81-1) have proven effec- 
tive in all mammalian species that have been treated. Progestins may 
prevent ovulation by negative feedback on luteinizing hormone 
(LH), but they also thicken cervical mucus so that sperm passage is 
impeded, interrupt sperm and ovum transport, and interfere with 
implantation. ” Because higher doses are needed to block ovulation 
than to affect the other endpoints, ovulation may occur in animals 
that are adequately contracepted.’ Progestins cannot completely sup- 
press follicle development and the resulting estradiol secretion may 
stimulate physical and behavioral signs of estrus, so those indications 
cannot be used to judge efficacy. 

The progestin most commonly used by zoos has been the 
melengestrol acetate (MGA) implant introduced by Seal in the mid- 
1970s and now available from Wildlife Pharmaceuticals (Fort 
Collins, CO). MGA is also available incorporated into a commercial 
hoofstock diet (Mazuri, Purina Mills, St. Louis, MO) and as a liquid 
to be added to food (Wildlife Pharmaceuticals). A disadvantage of 
this approach is confirming that the animal consumes the dose 
needed each day. In a herd setting, it is important that the more 


subordinate animals eat an adequate dosage, which may result in 
dominant animals consuming more than the recommended dosage. 
However, data from studies of domestic cows have shown no delete- 
rious effects at as much as three times the minimal effective dose. 

Equids are the exception to the species successfully treated with 
MGA. However, altrenogest (Regu-Mate, Intervet, Boxmeer, The 
Netherlands), the only synthetic progestin effective in domestic 
horses for synchronizing estrus, should also be effective as a contra- 
ceptive, but at a higher dose. However, cost and the necessity for 
daily delivery have limited its use. 

Depo-Provera (medroxyprogesterone acetate, Pharmacia & 
Upjohn, Bridgewater, NJ), the second most commonly used proges- 
tin in zoos, is often chosen because it is injectable and thus may be 
delivered by dart. In particular, it has been used for some seasonally 
breeding species (e.g., prosimians), species in which anesthesia for 
implant insertion is problematic (e.g., giraffes, hippos), and as an 
immediately available interim contraceptive. Another synthetic pro- 
gestin, megestrol acetate, is an option for those that may be admin- 
istered a daily pill. 

The various synthetic progestins differ in degree of binding to 
receptors of other hormones such as glucocorticoids and androgens, 
and species differences may also exist. One concern is possible side 
effects such as symptoms of diabetes compared with gestational 
diabetes when endogenous progesterone is elevated. The U.S. Seal 
chose MGA rather than medroxyprogesterone acetate (MPA, the syn- 
thetic progestin in Depo-Provera) to use in implants because MPA 
altered cortisol levels in that study. 

A further problem with MPA is androgenic activity, equated in 
some tests with dihydrotestosterone, a natural androgen with potent 
morphologic effects, especially during development. For example, 
Depo-Provera treatment of female black lemurs resulted in male-like 
pelage darkening.’ Another progestin with androgen effects, levo- 
norgestrel, has the highest binding affinity to androgen receptors of 
more recent generation progestins and is considered a potential 
health risk because of its effect on lipids and the cardiovascular 
system. ” Although Norplant implants are no longer available in the 
United States, some progestin-only birth control pills contain levo- 
norgestrel, its active ingredient. The major side effect reported for 
progestins is weight gain, and one product (megestrol acetate, 
Megace, Par Pharmaceuticals, Woodcliff Lake, NJ) is marketed spe- 
cifically to increase appetite. Progestin supplementation may help 
maintain pregnancy in some species, whereas in others, especially 
early in gestation, it has been associated with embryonic resorption.” 
Progestins may interfere with parturition via suppression of uterine 
smooth muscle contractility, as documented in white-tailed deer,” 
but primates treated with progestins have given birth without inci- 
dent.’ This species difference may be related to the patterns of 
progesterone near term. In general, species other than primates 
experience a decline in progesterone before the onset of parturition, 
which may be necessary to release the myometrium from suppres- 
sion. In contrast, progestins appear to be safe for lactating females 
and nursing young. They do not interfere with milk production, and 
no negative effects on the growth or development of nursing infants 
have been found. 

Although MGA implants have been used since the mid-1970s, 
proper analyses of reversibility by species have been difficult because 
of the variables that must be considered. First, a sufficient number 
of attempts to breed must have been made, but other factors include 
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Currently Available Synthetic Progestin Products 
Used as Contraceptives 


Manufacturer or 


Synthetic Progestin Product Name Supplier 
Melengestrol acetate GA implants Wildlife 
Pharmaceuticals 
GA feed (Mazuri) Purina Mills Inc. 
GA 200 or 500 Pharmacia and 
Pre-mix Upjohn 
GA liquid Wildlife 
Pharmaceuticals 
Megestrol acetate egace Par Pharmaceuticals 
Altrenogest Regu-mate oral Merck Intervet 
solution 
Medroxyprogesterone Depo-Provera Pharmacia and 
acetate injections Upjohn 
Proligestone Delvosteron Intervet 
injections 
Europe) 
Levonorgestrel Jadelle implants VVyeth-Ayerst 
Europe) 
Etonorgestrel İmplanon implants Organon 
Europe, Australia, 


ndonesia) 


matching contracepted and noncontracepted groups on age and 
parity prior to MGA use. In addition, although MGA implants are 
recommended to be replaced every 2 years, this is a conservative 
estimate and in many cases they are effective considerably longer. 
Thus, reversal may only be reasonably expected if the implant is 
removed. Such analyses have been performed only on golden lion 
amarins and tigers. Wood and colleagues”' have found that 75% of 
he tamarins conceive within 2 years, a rate comparable with that in 
nontreated females, but treated females have higher rates of miscar- 
riage and stillbirths. Chuei and associates'' have found that only 62% 
of tigers give birth 5 years after implant removal compared with 85% 
of nontreated females after 2.7 years. Possible reasons for poorer 
recovery in tigers were not tested directly but may be related to the 
high risk of uterine pathology in felids, which might interfere with 
pregnancy maintenance. 

Estrogens. Estrogens may prevent ovulation by suppressing fol- 
icle growth, but at contraceptive doses they have been associated in 
many species with serious side effects. The estrogens diethylstilbes- 
rol (DES), mestranol, estradiol benzoate, and estradiol cypionate 
may block implantation following mismating in dogs. However, their 
endency to stimulate uterine disease, bone marrow suppression, 
aplastic anemia, and ovarian tumors makes them inappropriate con- 
raceptive compounds. 

Estrogen-Progestin Combinations. Some of the deleterious 
fects associated with estrogen treatment (e.g., overstimulation of 
he uterine endometrium in primates) may be mitigated by adding 
a progestin. However, progestins are synergistic, not inhibitory, to 
estrogen effects in carnivores, making the combination even more 
ikely to result in uterine and mammary disease. Because this synergy 
occurs in canids when progestin-only methods are initiated during 
proestrus, when natural estrogen levels are elevated, treatment 
should be initiated well in advance of the breeding season if proges- 
ins must be used. When treatment is begun during deep anestrus, 
he side effects of synthetic progestins are minimized, even when 


o 


continued for several years, a regimen that has been used for domes- 
tic dogs in Europe for several decades. 

Numerous orally active contraceptive products containing various 
combinations of an estrogen and a progestin at various doses have 
been approved for human use in the United States. Ethinyl estradiol 
is the most common form of estrogen, although a few products use 
mestranol. Norethindrone is the most common progestin ingredient; 
others include levonorgestrel, desogestrel, norgestrel, norgestimate, 
and ethynodiol diacetate. Oral contraceptive regimes designed for 
humans were originally intended to simulate the 28-day menstrual 
cycle, with 21 days of treatment followed by 7 days when either a 
placebo or no pill is taken, resulting in withdrawal bleeding that 
resembles menstruation. However, more recently, products have 
been introduced that only include 1 week of placebo (Seasonale, 
Duramed Pharmaceuticals, Pomona, NY) every 3 months. Mounting 
evidence indicates that continuous daily treatment without interrup- 
tion may be safe, and in fact may be preferable in some species to 
prevent estrous behavior. 

Androgens. Both testosterone and the synthetic androgen mibo- 
lerone (Cheque Drops, Pharmacia & Upjohn) are effective contracep- 
tives (gray wolf, Canis lupus; leopard, Panthera pardus; jaguar, P onca; 
and lion, P leo), but masculinizing effects have included clitoral 
hypertrophy, vulval discharge, mane growth (female lion), mounting, 
and increased aggression. Mibolerone is approved for use in dogs 
but not cats and is contraindicated for females that have impaired 
liver function or are lactating or pregnant because female fetuses may 
be virilized. Mibolerone use in wildlife is inadvisable, especially 
because of the potential for increased aggression. 


Gonadotropin-Releasing Hormone Analogues 

Synthetic analogues of gonadotropin-releasing hormone (GnRH) 
may be antagonists that block the action, or agonists, that have the 
same effects as the natural hormone on target tissue. Although antag- 
onists would be the more logical selection for contraception, they 
are considerably more expensive and shorter acting, which limits 
heir application. In contrast to antagonists, GnRH agonist adminis- 
ration is followed first by an acute stimulatory phase, when pituitary 
LH and follicle-stimulating hormone (FSH) levels are elevated, which 
may result in estrus and ovulation. Continued treatment using long- 
acting preparations such as implants or microspheres causes failure 
of stimulation of FSH and pulsatile LH secretion because of down- 
regulation of GnRH receptors on pituitary gonadotrophs.” The 
observed effects in the animal are similar to those following ovariec- 
omy but are reversed after the hormone content of the implant or 
microspheres is depleted. 

The stimulatory phase may be prevented by treatment with the 
synthetic oral progestin megestrol acetate given for 1 week before 
and 1 week following implant insertion. This method has success- 
ully prevented proestrus and estrus” when tested in domestic dogs 
and has been successful in many carnivores in zoos.’ 

Numerous GnRH agonist products are available, but most are 
expensive because they were approved for treatment of prostate 
cancer in humans. Leuprolide acetate, as Lupron Depot injection 
(TAP Pharmaceuticals, Deerfield, IL), has been used in zoos and 
aquariums for a variety of species, but results are not available except 
for some marine mammals.” Deslorelin implants (Suprelorin, 
Peptech Animal Health, Macquarie Park, Australia), available in the 
United States by arrangement with the AZA Wildlife Contraception 
Center (St. Louis), have been effective in many mammalian species 
(Table 81-2). They have been used primarily in carnivores as an 
alternative to progestins that were associated with uterine and 
mammary pathology in that taxon. 

Although contraceptives are used primarily in mammals, interest 
in Suprelorin for use in birds, especially psittacines, ducks, and 
ostriches, has been increasing. Results have been mixed. Application 
for egg-laying, feather plucking, aggression, or molting has been 
unsuccessful in some species, but even when successful, effects 
often were not sustained with subsequent treatment, suggesting 
desensitization. 


Number of Males and Females Treated with 
 Deslorelin (Suprelorin) by Taxonomic Group 


No. of Males No. of Females 

Taxon Treated Treated 
Bears 5 23 
Canids 36 135 
Felids 14 211 
Small carnivores 101 182 
Prosimians 17 36 
Old World primates 58 80 

ew World primates 17 146 
Apes 3 21 
Artiodactyls 9 89 

arine mammals 20 36 
Rodents 12 21 
Bats 6 8 

arsupials 2 31 
Totals by gender 299 1019 


Total for all individuals 1318 


The length of efficacy of Suprelorin implants is affected by several 
factors. First, they are produced in two formulations, one intended 
o last a minimum of 6 months and the other for 12 months. 
However, these are minima, and individuals vary considerably in the 
actual duration of suppression. Whether this variability is caused by 
individual differences in absorption or drug metabolism or to varying 
release rates by the implant is unknown. 

Removing implants may hasten recovery but can be difficult due 
o their small size. Alternative placement sites may facilitate removal 
by making implants easier to locate and access. Alternative sites 
include base of ear, inner aspect of the leg, and the umbilical area. 
Whether efficacy might be compromised by some placement sites or 
methods is being investigated. Another limitation to calculating 
reversal rates and durations is the failure of institutions to submit 
data after treatment has ended and breeding is recommended. It is 
critical that the WCC receive information on mate access, signs of 
recovery (e.g., estrous behavior or hormonal evidence of cycles), and 
births, so that accurate information can be provided to veterinarians 
and animal managers. 


Immunocontraception 


Zona Pellucida Vaccines 

Immunization with zona pellucida (ZP) proteins results in antibodies 
hat reversibly interfere with binding of sperm to the ZP, the glyco- 
protein coating of the mammalian oocyte, or egg. Initial treatment 
requires at least two injections, approximately 1 month apart, with 
subsequent boosters needed annually for seasonal breeders but 
perhaps more frequently for continuous breeders. Porcine ZP (PZP) 
has been effective in a wide variety of ungulates and some carnivores, 
is safe when administered during pregnancy or lactation, and is 
reversible after short-term use. However, long-term studies with 
white-tailed deer (Odocoileus virginianus) and feral horses (Equus 
caballus) reveal that treatment for 5 years or longer is increasingly 
associated with ovarian failure.” Ovarian damage may occur with 
even short-term treatment in dogs, so PZP vaccines are not recom- 
mended for carnivores. However, those early studies did not use a 
very specific antibody.” Studies are planned in rhesus macaques 
and select carnivore species with a more specific formulation. 
However, the possibility of permanent ovarian changes makes this 
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method unsuitable for animals that are genetically very valuable but 
is a good choice in particular for ungulates not needing long-term 
treatment. 

When the effect is restricted to preventing sperm entry so that 
ovarian activity is not disrupted, ovulatory cycles with estrous behav- 
ior continue. In some species, failure to conceive results in a longer 
than usual breeding season, with continued estrous cycles accompa- 
nied by courtship and mating. Continued breeding activity may be 
desirable in some situations in which it is seen as more natural than 
suppression, but it may also result in increased aggression and social 
disruption. 


Gonadotropin-Releasing Hormone Vaccines 

Immunization against GnRH may interrupt reproductive processes 
in much the same way as GnRH analogues, but efficacy rates are 
variable because of individual differences in immune response. 
Improvac (Zoetis), now commercially available for domestic swine 
to prevent boar taint in meat, may also be effective in females as well 
as males of many other taxa. A disadvantage of the current formula- 
tion is that minimum length of efficacy is only 3-4 months. 


Mechanical Devices 


Intrauterine Devices 

Intrauterine devices (IUDs) prevent pregnancy primarily by local 
mechanical effects on the uterus that impede implantation. Most 
designs use an electrolytic copper coating, with increased efficacy 
because the copper ions are spermicidal. Those incorporating a 
synthetic progestin (e.g., levonorgestrel: Mirena®, Bayer Healthcare) 
are even more effective. Although some IUD designs were associated 
with pelvic inflammatory disease in humans, attention to aseptic 
technique during insertion, with or without prophylactic antibiotics, 
is critical to preventing infection.”” IUDs may be ideal for use in 
lactating females. The IUDs marketed for humans may be appropri- 
ate for species such as great apes, which have a uterine size and shape 
comparable to those of humans. An IUD developed for domestic 
dogs (Biotumer, Buenos Aires, Argentina) was found to be safe and 
effective in limited trials. 


Effects on Behavior 


Few studies of contraceptive use have focused on behavior. The most 
obvious effect of ovariectomy and GnRH agonists is elimination of 
sexual activity, which also occurs when using continual combination 
birth control pills, although estrous behavior may occur during the 
placebo week. Progestins also may suppress estrus, but typically only 
at higher doses. IUDs and PZP vaccine should not affect estrous 
cycles or behavior. 

Research with humans has linked progestin use, especially MPA, 
with mood changes, depression, and lethargy. In addition, feral 
domestic cats treated with megestrol acetate, a progestin similar to 
MGA, were described as more docile. However, studies of social 
groups of hamadryas baboons (Papio hamadryas)/” Rodrigues fruit 
bats (Pteropus rodricensis), golden lion tamarins (Leontopithecus 
rosalia),° golden-headed lion tamarins (Leontopithecus chrysomelas),'* 
and lions” have found no significant effects on behavior or interac- 
tions of group members when some or all females were treated with 
MGA implants. 


MALE METHODS 
Permanent Sterilization 


Male castration is a simple procedure except in species with unde- 
scended or partially descended testes (e.g., pinnipeds, cetaceans, 
elephants). The effect of the subsequent decline in testosterone on 
secondary sex characteristics will cause the loss (e.g., lion's mane) or 
disruption of the seasonal cycle (e.g., deer antlers). 

Vasectomy may be an option for males when secondary sex char- 
acteristics and male-type behavior are desirable. Although potentially 
reversible, the technique requires highly skilled microsurgery, but 
high pregnancy rates have been achieved postreversal.'’’? Success 
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rates may be improved if the vasectomy is done with reversal in mind 
because one of the primary reasons for permanent damage is the 
pressure increase in the epididymis and testis following vas obstruc- 
ion. Hence, leaving the testis end of the vas open lessens the chance 
of pressure-related damage and increases the likelihood of successful 
reversal. 
Sperm passage also may be permanently obstructed by injecting 
a sclerosing agent into the cauda epididymis or vas deferens. Treat- 
ment of the epididymis may be more successful because the tubule 
umen may be crossed multiple times during the injection. 
Vasectomy is not recommended for species in which females have 
induced ovulation (e.g., carnivores such as felids and bears). Vasec- 
omy permits copulation to continue, which for these species means 
repeated, prolonged periods of elevated progesterone levels in their 
emale partners, progesterone that increases the risk of uterine or 
mammary gland pathology. 


Reversible Contraception 


Gonadotropin-Releasing Hormone Agonists 
The action of GnRH agonists on LH and FSH in males is similar to 
hat in females, with an initial increase in gonadal steroids followed 
by chronic suppression. Azoospermia follows the subsequent testos- 
erone suppression with a lag time similar to that following vasec- 
omy, about 6 weeks. 
The number of males treated with Suprelorin is much lower than 
he number of females, so even less information is available on 
reversibility. However, semen collection and testicular biopsies have 
shown that only four of eight male lion-tailed macaques reversed 
ollowing treatment for aggression. These results suggest caution 
when considering GnRH agonists for contraception or aggression 
reduction in male primates. 
The overall results from male carnivores and primates suggest 
that GnRH agonists may be effective at relatively high doses, but even 
at extremely high doses, they have not been effective in suppressing 
estosterone or spermatogenesis in male domestic cattle, horses, or 
he other artiodactyls evaluated, including red deer (Cervus elaphus), 
zebu (Bos indicus), gerenuk (Litocranius walleri), scimitar-horned oryx 
(Oryx dammah), and dorcas gazelle (Gazella dorcas) °" In these 
species, GnRH agonists succeed in blocking the pulsatile but not 
basal secretion of LH and testosterone, leaving sufficient testosterone 
to support spermatogenesis and male behavior. Lupron Depot (leu- 
prolide acetate for depot suspension, Abbott Laboratories, Abbott 
Park, IL), another GnRH agonist, has been used successfully in a 
variety of species, but primarily in male marine mammals./" 


Gonadotropin-releasing Hormone Vaccine 


The vaccine against GnRH currently available for male domestic 
swine (Improvac®: Zoetis) should also be effective in other species. 
The effects should be similar to those of GnRH agonists but without 
the initial stimulation phase. The primary disadvantage is the short 
duration of effect, only 3-4 months. 


Effects on Behavior 


When GnRH agonists or vaccines succeed in suppressing testoster- 
one, their effects on behavior should be similar to those following 
castration. GnRH agonists have been used in males for contraception 
and aggression control. Behavior following castration or GnRH 
agonist or vaccine treatment may be affected by prior experience and 
may have become independent of concurrent testosterone concentra- 
tions. Thus, libido may be maintained in sexually experienced males 
and aggressive behavior patterns may persist. 


Modes of Delivery 


Delivery methods include implants, injections, pills, and liquid sus- 
pensions. An advantage to implants is the relatively long period of 
hormone delivery per handling episode. Steroids are most amenable 
to this route of administration because they diffuse readily from 
Silastic. However, newer implant matrices control release of peptides 
such as GnRH. For example, the Suprelorin implant consists of a 


matrix of low-melting point lipids and a biologic surfactant. In con- 
rast to MGA Silastic implants that require an incision for insertion, 
Suprelorin, which is similar in size to a microchip, is inserted with 
a trocar. 

Problems with implants include possible loss, migration, and 
ragility (e.g., Suprelorin implants). Loss may be minimized by using 
sterile technique during insertion. MGA implants should be gas- 
sterilized with ethylene oxide and thoroughly degassed prior to 
insertion because infection or gas residues may cause implant loss. 
A newer alternative is the STERRAD technique (ASP, Irvine, CA) 
using hydrogen peroxide, which does not require degassing. Supre- 
orin does not require sterilization and would actually be damaged. 
For social species, when a surgical incision is required for MGA 
implant insertion, the individual should be separated from the group 
o prevent grooming until the incision is healed. Adding radiopaque 
material or an identity transponder microchip to MGA implants 
acilitates confirming presence and monitoring position. MGA 
implants may also be sutured to muscle to impede migration. 
However, these modifications should not be used with solid 
implants (e.g., Suprelorin). The manufacturer recommends careful 
placement of Suprelorin to prevent breakage if removal is planned. 
A fold of skin should be lifted and held between the thumb and 
fingers as the trocar is inserted and the barrel of the trocar slowly 
withdrawn as the implant is expelled. The implant should then 
be held steady as the trocar is removed to ensure release of the 
implant from the trocar so that it remains in place under the skin. 
Alternative placement sites (e.g., base of ear, inner aspect of leg or 
umbilical area) may facilitate removal, but implant release rates, 
which could affect efficacy, have not been thoroughly tested for 
these sites. 

Injectable depot-preparations have been formulated to release 
peptide or steroid hormones (Lupron Depot, Depo-Provera). Length 
of efficacy varies by dose and species. Vaccines also are administered 
by injection. Although remote delivery via dart is possible for inject- 
ables, delivery of the complete dose cannot always be ensured or 
confirmed. 

Reversal time cannot be controlled with depot injections and 
vaccines because of differences in duration of efficacy. However, ease 
of application of injectable products may be more important than 
timed reversals in some circumstances. 

Oral delivery may be relatively simple in some species, but the 

general disadvantage is that they usually must be administered daily. 
Confirmation of ingestion is critical but may be difficult. Clearance 
of orally delivered hormones is rapid, with signs of estrus occurring 
in as little as 1 or 2 days. This is an advantage for quick reversals 
but is a clear disadvantage if one or two doses are missed. 
The AZA Wildlife Contraception Center makes contraceptive 
products available to the zoo community at low cost through com- 
mercial partnerships and provides extensive information and recom- 
mendations on contraceptives and their use (http://www.stlzoo.org/ 
contraception). The Centers database, used to formulate recommen- 
dations, depends on data from annual surveys and input from zoos. 
New products become available, older products are used in new 
species, and individual differences continue to occur. The web page 
is a living document that is continually updated to present the latest 
information about efficacy, safety, and reversibility of contraceptives 
hat is critical for making decisions about treating each animal. 


SEPARATION VERSUS CONTRACEPTION 


Separation of males from females has been considered the safe alter- 
native to contraceptives, especially for species, such as felids, at high 
risk for uterine and mammary pathology in response to progestins.”” 
However, an increasing number of reports show higher prevalence 
of uterine pathology and of infertility in non-contracepted females 
that do not reproduce regularly. (7171715 These accumulating results 
suggest that separation may not be a safe alternative for all species, 
but studies of more taxa are needed to determine how broadly 
this caution should be applied. Fertility may be best maintained by 


allowing early and periodic production of offspring, spaced through- 
out a females lifespan, rather than clustered early or expected late. 
For a fuller discussion of the implications of this strategy, see the 
Commentary by Penfold et al. (2014). 
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The American Association of Zoo Veterinarians (AAZV) has devel- 
oped guidelines for veterinary medical programs and hospitals in 
zoos and aquariums. The purpose of these guidelines is to assist 
institutions and veterinarians in the development and evaluation 
of programs of veterinary care. They are intended to serve as an 
adjunct to the requirements of the U.S. Department of Agriculture 
(USDA) for regulating licensed animal exhibitors. The Animal 
Welfare Act of 1966 and subsequent amendments require that zoos 
and aquariums in the United States employ an attending veterinarian 
to ensure certain minimal standards of veterinary care. Whether this 
attending veterinarian is a full-time employee of the institution or is 
a part-time contractor, the Animal Welfare Regulations state that 
licensed exhibitors “shall assure that the attending veterinarian has 
appropriate authority to ensure the provision of adequate veterinary 
care and to oversee the adequacy of other aspects of animal care 
and use.” 

The guidelines recommend that the veterinarian be an active 
participant in the institutions management team. They also recom- 
mend that additional technical and administrative staff be employed 
in support of the veterinary care program depending on the size of 
the institution and animal collection. 

The Association of Zoos and Aquariums (AZA) also references 
these guidelines in the evaluation of accredited institutions. The AZA 
Accreditation Standards (2010) state that “the institution should 
adopt the guidelines for medical programs developed by the Ameri- 
can Association of Zoo Veterinarians.” 


VETERINARY CARE 


The program of veterinary care must emphasize disease prevention. 
The animals should be observed on a daily basis and have any 
signs of illness or injury reported promptly so that the need for 
veterinary attention may be evaluated. When animals in the collec- 
tion die, a complete necropsy should be performed. Veterinary cov- 
erage must be available 24 hours a day, 7 days a week, for any zoo 
or aquarium. 


Staff and Personnel 


The veterinarian responsible for the zoo or aquarium must be famil- 
iar with the staff and the animal collection. They are also responsible 
for the development and supervision of long-term preventive medi- 
cine programs. The veterinarian must also arrange for the availability 
of other suitable veterinary coverage when they are unavailable. 
Although it is preferable to have the services of a full-time veterinar- 
ian, this is not warranted by some institutions, depending on their 
sizes. The services of a part-time veterinarian must be covered by an 
appropriate contractual arrangement. 

Any zoo or aquarium in which a part-time veterinarian provides 
veterinary coverage must have one staff person who serves as the 
veterinary program coordinator and supervises this program under 
the direction of the veterinarian. This veterinary program coordina- 
tor serves as the main point of communication with the veterinarian 
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regarding medical issues and maintains oversight of medical records, 
treatments, preventive medicine program, and medical facilities. The 
veterinary program coordinator may be a keeper, curator, or hospital 
or clinic manager. Ideally, this person should be a licensed veterinary 
technician or animal health technician. 

Adequate support staff are also required to establish and maintain 
the veterinary programs and facilities. These would include support 
in the areas of husbandry, technical, and clerical support. In a large 
zoo or aquarium, these tasks may be covered by personnel dedicated 
to each of these areas, including keepers, veterinary technicians, and 
administrative support. Although individual personnel in each of 
these areas may not be required by smaller institutions, it is impor- 
tant that each of these tasks be assigned to specific personnel. 

The staff responsible for veterinary care must be familiar with the 
principles of infection control, the risks associated with chemicals 
used in the facility, and other aspects of personnel safety, including 
the appropriate use of personal protective equipment (PPE). Staff 
should also be aware of potential hazards associated with handling 
dangerous animals (e.g., bites, envenomation, scratches).” Facilities 
that have macaque species should have a bite and scratch emergency 
protocol in place because of the risk of infection from herpes B virus. 


Veterinary Program 


Medical and surgical care must be provided to all the animals in a 
zoo or aquarium collection, and this care must meet or exceed 
contemporary practice standards for zoos and aquariums.’ Those 
responsible for providing medical care and treatments must be 
supervised by qualified staff and those treatments performed by or 
in consultation with the veterinarian. The use of medications must 
be done in accordance with federal, state, and local regulations. 
Drugs used on fish must be administered in a manner to prevent 
contamination of water supplies and introduction into the human 
food chain. In the United States, these drugs should be administered 
in accordance with the U.S. Food and Drug Administration (FDA) 
agreement with the AZA regarding the use of animal drugs.’ 

Veterinary staff must have diagnostic laboratory support available 
as an aid in disease diagnostics. It is recommended that minimal 
diagnostic capabilities be available on site for the performance of 
fecal parasite examinations and diagnostic cytology of blood or other 
specimens. Consultation with veterinary pathologists should be 
available for diagnostic support to the clinician. 

All zoos and aquariums must have access to appropriate surgical 
facilities, anesthesia, and monitoring equipment. This must be avail- 
able on site for minor procedures. Fully equipped sterile surgery may 
not be necessary on site based on the size of the institution and type 
of collection, but these facilities must be available. In emergencies, 
minor treatment areas that can be adapted for use as sterile surgery 
sites should be available. Postoperative care must be provided, 
ideally at the zoo or aquarium, even when procedures may have been 
performed off site. 

An area should be set aside in the institution for minor treatments 
and procedures. An on-site pharmacy or drug storage area must be 
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provided that meets regulatory standards for the drugs in use (e.g., 
appropriate safes for narcotics). Medications dispensed should be 
accompanied by complete prescriptions and the staff responsible for 
dispensing and administering the drugs must be trained on their 
proper handling. In the case of drugs for chemical restraint, emer- 
gency procedures must be in place to deal with incidents of acciden- 
tal exposure. 

Postmortem examination should be performed on animals that 
die in the institution and wild or feral animals found dead on 
grounds. This examination should be performed as soon as possible 
and no longer than 24 hours after death. There should be adequate 
facilities for carcass storage and postmortem examination that are 
physically separate from other storage and animal treatment areas. 
Histologic examination should be performed if the cause of death is 
not evident on gross examination and, ideally, following all mortali- 
ies. If species management programs such as species survival plans 
(SSPs) have necropsy protocols, these should be followed. 

Complete medical records must be maintained under the direc- 
ion of the veterinarian. These should indicate any veterinary atten- 
ion, including treatments, prescriptions, surgical procedures, and 
aboratory findings. Ideally, these should be computerized records 
and must be duplicated and stored in secondary locations or other- 
wise protected from the effects of fire, flood, or other incidents. 
Disease and mortality trends should be reviewed to identify the need 
for changes in husbandry or preventive medicine programs. 

A preventive medicine program should be developed in every zoo 
or aquarium. This should include quarantine, parasite surveillance 
and control procedures, immunization, infectious disease screening, 
dental prophylaxis, and periodic review of diets, husbandry tech- 
niques, and vermin control.* The quarantine protocols should be 
under the direction of veterinary staff and strictly enforced. 

The quarantine procedures are in place to protect the animal 
collection from the introduction of infectious diseases. A physical or 
visual examination with appropriate testing should be performed on 
all animals prior to shipment. The length of quarantine, types of tests 
performed prior to shipment or during quarantine, and degree of 
separation from other animals in the collection are determined by 
the type of animal being moved, particular species needs, and history 
of the collections at the sending and receiving institutions. The 
typical length of quarantine is at least 30 days but may be extended, 
depending on a particular species’ requirements or findings during 
the quarantine period. Quarantined animals should be held in a 
facility separate from the rest of the collection and serviced by per- 
sonnel who are exclusive to that area or service that area at the end 
of the day. Clothing and utensils used by personnel servicing quar- 
antine should not be used in any other areas, and infection control 
techniques should be in place to maximize the separation of the 
animals in quarantine from those in the collection. Special consid- 
erations may be needed for species that cannot be isolated because 
of unique needs or environmental requirements. Large or specialized 
animals such as elephants or marine mammals may need to be 
housed close to collection animals because of the inability to dedicate 
separate facilities for the quarantine of that species. For these animals, 
protocols need to emphasize press shipment testing, the greatest 
degree of isolation possible, and reduction of direct physical contact. 
Fish and aquatic invertebrates may be quarantined in groups or as 
individuals. Although limitations exist in the scope and availability 
of diagnostics tests for these species, quarantine protocols should 
rely on taxon-specific risk assessments tailored to the needs of the 
species involved. 

The preventive medicine program should include a program of 
parasite control developed by the veterinarian. This should include 
he routine parasite monitoring of individual animals or groups. The 
iming of the examinations and the need for routine treatment will 
be determined by the needs of the individual species, their housing, 
and their history. 

The types of immunization needed for the animals in a zoo or 
aquarium collection are determined by the veterinarian based on the 
needs of the species and the history of the disease in the collection 


and surrounding area. SSPs may a 
immunization of managed popula 
A program of disease surveilla 


so have recommendations for the 
ions. 
nce through diagnostic screening 


should be set up, depending on the history of a disease in the area, 
he collection, or government regulations. The veterinarian should 
work with staff to determine the need for routine examinations of 
particular animals in the collection. SSPs and taxon advisory groups 
(TAGs) may be consulted for recommendations regarding the need 
for routine testing such as tuberculosis testing of primates or physical 
examinations. 

The veterinarian should be knowledgeable about zoonotic disease 
hat could affect the collection animals, personnel, or visiting public.” 
The veterinarian should work with Human Resources and animal 
management staff at the institution to address issues of zoonotic 
diseases, including the training of staff on zoonotic disease risks. A 
preventive health program should be set up for staff in consultation 
with physicians knowledgeable about infectious diseases and occu- 
pational health. Veterinarians should work in cooperation with 
animal management staff to assess the risk of zoonotic disease trans- 
mission in all areas that allow public contact with the animal collec- 
ion, plan preventive measures, and train staff in contact areas. For 
further information, the National Association of State Public Health 
Veterinarians (NASPHV) has developed measures to prevent disease 
associated with animals in a public setting.’ 


Management 


In addition to issues of veterinary medical and surgical care, a 
number of other zoological management decisions must involve the 
veterinarian working with other staff such as curators or nutrition- 
ists. These include animal shipment, nutrition, husbandry, pest 
control, and euthanasia. 
The veterinarian is responsible for the preshipment examination 
and provision of the Certificate of Veterinary Inspection, as well as 
ensuring that regulatory testing is completed. The veterinarian is also 
responsible for determining that the methods for shipment ensure 
the safe transportation of the specimens. 
The nutrition program should include regularly scheduled review 
of dietary husbandry practices, including laboratory analysis of feed 
items. Diets should be evaluated for appropriateness for the species 
and life stages involved. The provision of appropriate diets as well 
as the safe handling and storage of feeds should be monitored by 
veterinary staff or a qualified staff nutritionist. 

Methods used for the cleaning and disinfection of animal exhibits 
should be developed in consultation with veterinary staff. A formal 
program of integrated pest management should be in place at each 
institution and reviewed by veterinary staff. 

The zoo or aquarium must have a policy on euthanasia that 
addresses the decision making process, as well as the methods for 
humane euthanasia.’ Animals should be euthanized in accordance 
with the most current guidelines.! 


VETERINARY FACILITIES 


All zoos and aquariums should have an on-site veterinary facility. 
An on-site facility allows for the isolation of animals receiving 
medical care and facilitates observation and treatment of sick and 
injured animals. The size of the facility and its components will 
depend on the size and type of animal collection. The facility 
should be designed with input from the veterinary staff, with the 
assistance of individuals knowledgeable about animal hospital facil- 
ity design.’ 

The facility should have designated areas for examination and 
treatment, sterile surgery, necropsy, animal holding, laboratory, bio- 
logic sample storage, radiology, pharmaceutical storage including, 
when necessary, a safe for controlled drugs that meets the standards 
set by the U.S. Drug Enforcement Administration (DEA); animal 
food preparation, storage areas, or both; equipment storage areas; 
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and a staff locker-room with showers and restroom facilities. Capture 
and restraint equipment, anesthetic equipment, autoclave, and basic 
surgical equipment should be stored in the hospital. Radiology 
equipment should be of appropriate size and power for the 
animal collection, and its installation must meet local and state 
regulations.” 

The design of the hospital facility should take into consideration 
the need for sanitation and disinfection of contaminated areas, the 
segregation of animal and staff areas, and mechanical systems that 
minimize cross contamination. Adequate storage and support areas 
should be accommodated in the design. 

Some zoos and aquariums may not require a full on-site hospital 
acility, depending on the size of the collection and veterinary needs. 
If an off-site facility is used for major medical procedures, it should 
be close to the zoo or aquarium and provide adequate facilities to 
meet the needs of the species in the collection. Areas for minor treat- 
ments, emergency procedures, and postoperative care should be 
available at the zoo or aquarium. 
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Aardvark. see Tubulidentata 
Aardwolves, 509, 510t, 512t 
AAZV Infectious Disease Manual 2011, contents 
of, 672b 
Abdominal paracentesis, clinical pathology, of 
Marsupialia, 265 
Abscesses, in lizards, 56 
Acanthocephalids, 137t 
Acanthocheilonema odenhali, in California sea 
lions, 447 
Acariasis, in chelonians, 36t 
Acepromazine, 586t 
in Hyrocoidea (hyraxes), 534t 
in rodents, 393t-394t 
Acepromazine maleate, 595t 
Acerodon jubatus, 282 
ACES Dual Release Catch Pole, 731 
Acetic acid, for Passeriformes, 239t 
Acouchi 
biologic information of, 387t 
reproductive parameters of, 420t 
Acrodont teeth, 52 
Acute mortality syndrome, in Giraffidae, 608 
Acute pasteurellosis, 527 
Adenoviruses 
in chelonians, 34t 
in Falconiformes, 134t—135t 
in great apes, 348t—349t 
in New World and Old World monkeys, 
319t-329t 
in snakes, 69 
Adiaspiromycosis, in rodents, 398t—413t 
Ot-adrenergic agonists, 551 
Adult captive rhinoceros 
recumbent immobilizing doses for, 540b 
standing chemical restraint doses for, 540b 
Adult coatimundi, hand restraint and 
examination of, 493f 
Aepycerotinae 
housing conditions for, 629t 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 
taxonomy and general characteristics of, 
627t-628t 
Aeromonas hydrophila, 5-8 
African green monkey, 302t-304t 
African pygmy hedgehog, 277t-278t 
African swine fever, 670-672 
Age (aging), determination of, in Strigiformes, 
190 
Agouti 
biochemical parameters of, 397t 
biologic information of, 387t 
incisor overgrowth in, 417f 
reproductive parameters of, 420t 
restraint/handling of, 389 
stress dermatosis in, 418f 


Ailurus fulgens 
biologic data for, 492t 
neoplasms identified in, 496t 
Akashima sanguinea, 94 
Albatrosses. see Diomedeidae; Procellariformes 
Albendazole, 311t-312t 
in chelonians, 37t 
in rodents, 414t—415t 
Albon. see Sulfadimethoxine 
Albuterol sulfate, for Xenarthra, 367t 
Alcelaphinae 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 
recommended housing conditions for, 629t 
taxonomy and general characteristics of, 
627t-628t 
cids. see Charadriiformes 
ethinophidians, 60-61 
eutian disease, diseases of Mustelids, 
484t-485t 
axalone, in snakes, 63 
axolone, in lizards, 54t 
ens swamp monkey, 302t-304t 
ies. see Caprimulgiformes (nightjars and 
allies) 
Alligators. see Crocodilians 
Allometric scaling, 522 
Al 
Al 
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paca, 593t, 601t 
phachloralose, toxicities of Falconiformes, 
139t 
Alphanumerical coding, in Wildpro, 724-725 
Altrenogest, 736t 
Alular patagium, 651f 
Amblyoma tholloni, 528 
Ambystoma tigrinum virus (ATV), 17 
Amebiasis 
in chelonians, 36t 
in New World and Old World monkeys, 
313t-318t 
American alligators (Alligator mississippiensis), 
environmental temperature for, 41 
American Association of Zoo Veterinarians 
(AAZV), 124, 681 
guidelines, 740-742 
veterinary care, 740-741 
veterinary program, 740-741 
and Infectious Disease Committee, 672 
infectious diseases notebooks, 670-673 
American avocet. see Recurvirostra americana 
American beaver 
hematologic parameters of, 395t 
incisor overgrowth in, 417f 
American/Caribbean flamingo. see 
Phoenicopterus ruber ruber 
American College of Zoological Medicine 
(ACZM), 681 
American Society for Veterinary Clinical 
Pathology (ASVCP), guidelines of, 727 


American Veterinary Medical Association 
(AVMA), 520 
American white pelican (Pelecanus 
erythrorhynchos) 
biological data for, 97t 
reference ranges for hematologic and serum 
parameters of, 98t 
Amikacin, 279t 
in chelonians, 36t 
in elephants, 523t 
in Hyrocoidea (hyraxes), 536t 
in Passeriformes, 239t 
in rodents, 414t—415t 
in snakes, 71t 
Amitraz, 311t-312t 
in rodents, 414t—415t 
Ammonium chloride, toxicities of 
Falconiformes, 139t 
Amoxicillin, 279t, 523t 
in elephants, 523t 
in Xenarthra, 366t—367t 
Amoxicillin/clavulanate, for Passeriformes, 
239t 
Amoxicillin/clavulanic acid, 279t 
Amoxicillin trihydrate 
in Anseriformes, 121t 
in Passeriformes, 239t 
Amphibians 
iron overload syndromes in, 675 
tailed, 13-20 
ultrasonography of, 715, 716{-719f 
Amphibiocystidium viridescens, 18 
Amphisbaenids (worm lizards), 52-60 
Amphotericin B, for penguins, 85t 
Ampicillin, 121t 
in chelonians, 36t 
in elephants, 523t 
in Xenarthra, 366t—367t 
Amprolium, 124t, 239t 
in Hyrocoidea (hyraxes), 537t 
in Mustelids, 487t 
Amprolium hydrochloride, for snakes, 72t 
Amyloid deposition, in Anseriformes, 
124-126 
Amyloidosis 
in Falconiformes, 140 
in Mustelids, 488t 
in Phoenicopteriformes, 110 
in rodents, 418 
Analgesia 
in Anserilormes, 119 
in anurans, 3, 3t 
in crocodilians, 47—48, 48t 
in Falconiformes, 131t-133t 
in lizards, 54—55, 54t 
in snakes, 62—63, 62t 
Anaplasma phagocytophilum, 463 
Anatrichosomiasis, 313t—318t 
Ancylostoma duodenale, in great apes, 352t 


Note: Page numbers followed by “f” refer to illustrations; page numbers followed by “t” refer to tables; page numbers followed by “b” refer to boxes. 
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Ancylostomiasis, 313t-318t 

Andean flamingo. see Phoenicoparrus andinus 
Androgens, 736 

Anesthesia 


in Anseriformes, 119 

in anurans, 3, 3t 

in Apodiformes and Coliiformes, 
215-216 

in Bovidae and Antilocapridae, 632-636 

in Camelidae, 595 

in Caprimulgiformes, 201 

in Caudata, 15, 16t 

in Cetacea, 425-426 

in chelonians, 28-30, 29t 

in Columbiformes, 165-166 

in crocodilians, 45-47, 48t 

in deer, 613-615 

in Falconiformes, 131t-133t 

in Felidae, 469—470 

in Galliformes, 146 

in great apes, 341-343 

in hippopotamus, 586-588 

in Hyrocoidea, 534 

in insectivores, 276-277 

in lizards, 54—55, 54t 

in Passerilormes, 238 

in Pelecanilormes, 97 

in penguins, 84-85 

in Phoenicopteriformes, 107-108 

in Piciformes, 232 

in snakes, 62-63, 62t 

in Strigiformes, 196 


Antagonists, for crocodilians, 48t 
Anteaters, 355 


antibiotic agents for, 366t-367t 
blood collection from, 360 


diseases of, 364t—365t 
drugs for, 367t 
housing requirements for, 355 
information on, 357t 
radiograph of, 366f 
reproduction of, 355 
surgery for, 366 
Anthrax 
in deer, 617t—620t 
in elephants, 527 
in Falconiformes, 134t-135t 
in free-ranging Grevy zebras, 562 
in Mustelids, 484t—485t 
in nondomestic equids, 564t—565t 


An 
An 


An 


An 


An 


An 


An 


hropozoonoses, 336-337 

i-inflammatory drugs, for Falconiformes, 
131t-133t 

ibiotic therapy 


for Pholidota, 372 
for rodents, 414 


ibiotics, for Anseriformes, 121t 

icoagulant rodenticides, in Strigiformes, 
191-195 

icoagulants, toxicities of Falconiformes, 
139t 

ifungal drug, for Falconiformes, 131t-133t 


Antilocapra americana, 626 


An 


ilocapridae, 626-645 


in Trogoniformes, 219 
Angel wing, in Anseriformes, 118t 
Anhinga anhinga, 97t 
Anhingas. see Pelecaniformes 
Animal and Plant Health Inspection Service, 
Veterinary Services (APHIS-VS), 683 
Animal care resource guide policies, 685 
Animal Plant Health Inspection Service (APHIS) 
Animal Care, 423 
Animal Welfare Act (AWA), 650, 683 
Animals, lawsuits/legal claims for, 685-686 
Anisodactyl feet, 214 
Anna’s hummingbird (Calypte anna), 211, 

212f 

Anomaluromorpha, 385b 
Anseranas semipalmata, 116 
Anseriformes, 116-126 

analgesia of, 119 

anatomy of, 116-117 

anesthesia of, 119 

antibiotics recommended for, 121t 

biology and taxonomy of, 116 

diagnostics of, 119-120 

feeding of, 117 

housing requirements of, 117 

infectious diseases of, 120-124, 120:-121t 

neonatal care of, 117 

noninfectious disease of, 124-126 

nutritional diseases of, 118t 

parasitic disease of, 124 

parasiticides for, 124t 

reproduction of, 117 

restraint of, 117-118, 118f 

selected parasitic diseases of, 123t 

surgery of, 119 

toxicity in, 124 

toxins reported in, 125t 


anatomy of, 626 

anesthesia and surgery of, 632-636 

biology of, 626 

diagnostics of, 636 

differential diagnoses for, 640t 

general anesthesia, induction of, 631-632, 
633t-635t 

hematologic parameters of, 636t 

housing requirements for, 626-628, 629t 

induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t—635t 

infectious disease of, 636-641, 639t 

noninfectious disease of, 641-642 

nutrition, 628-630 

parasitic diseases of, 641 

population management, 626 

restraint and handling of, 630-632 

serum biochemical parameters of, adult 
reference ranges for, 637t 


Antilopinae 


induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 

recommended housing conditions for, 
629t 

axonomy and general characteristics of, 
627t-628t 


Antimicrobial agents 


or chelonians, 36t 
or Gruiformes, 158t 
or lizards, 58t 

or snakes, 71t 


Anting, 276 
Antiparasitic drugs 


or Gruiformes, 159t 
or Passeriformes, 239t 


Antiprotozoals/antihelmintics, for 
Falconiformes, 131t-133t 
Anurans 
analgesia in, 3, 3t 
anatomy of, 1—2 
anesthesia in, 3, 3t, 4f 
bacterial diseases in, 5-8, 10t 
biology of, 1 
butorphanol (But) in, 3t 
clinical techniques in, 4-5, 9f 
feeding of, 2-3 
fungal diseases in, 5-8, 11t 
housing requirements for, 2 
infectious disease in, 5-8 
noninfectious diseases in, 6t—7t, 8-9 
ophthalmic features in, 8f 
parasitic disease in, 5-8, 12t 
physiology of, 1-2 
reproduction of, 9-13 
restraint of, 3 
selected families of, 2t 
surgery in, 3-4, 5f 
therapeutics for, 9 
viral diseases in, 5-8, 10t-11t 
Aortic aneurysm, 296t-297t 
Aoudad, 646t 
Apalharpactes reinwardtii, 218 
Apodiformes, 214-217 
anatomy of, 214-215 
anesthesia for, 215-216 
biology of, 214 
diagnostics for, 216 
diseases of, 216 
feeding of, 215 
housing requirements for, 215 
infectious disease in, 216 
physiology of, 215 
reproduction of, 216-217 
restraint and handling of, 215 
status and conservation of, 214 
surgery for, 215-216 
taxonomy of, 214 
Arctictis binturong 
biologic data for, 492t 
neoplasms identified in, 496t 
Arctogalidia trivirgata, neoplasms identified in, 
496t 
Ardeotis kori, 156 
Arenaviruses, in snakes, 70 
Armadillos, 355 
anesthetics for, 358t-359t 
antibiotic agents for, 366t-367t 
blood collection from, 360f 
captive, health problems of, 360 
diagnostics of, 360 
diseases of, 363t 
drugs for, 367t 
feeding of, 355 
housing requirements for, 355 
injection for, 366 
physical restraint for, 358 
species of, 356t 
Arthritis, in Gruiformes, 161 
Arthrodesis 
of carpus, 656 
of elbow, 656 
Arthroscopy, 689-690 
Artic fox, nutrient requirements and ranges for, 
481t 


Articulated retractor, 695f 


Artiodactyls, iron overload syndromes in, 677-678 


Ascaridia galli, 152, 244 
Ascarids, in Falconiformes, 137t 
Ascaris lumbricoides, in great apes, 352t 
Aspergillosis, 222 
in Anseriformes, 120t-121t 
in Charadriiformes, 115 
in Columbiformes, 169t-170t 
in Falconiformes, 136 
in hummingbirds, 212t 
in Passeriformes, 243 
in penguins, 85-86 
in Phoenicopteriformes, 110 
in Psittaciformes, 181t-182t 
Aspergillus fumigatus 
in Anseriformes, 120t-121t 
in Charadriiformes, 115 
in Passeriformes, 243 
Assisted reproductive technologies, in Cetacea, 
433 
Association of Zoos and Aquariums (AZA), 
124, 699 
elephant restraint device (ERD) and, 519 
guidelines for veterinary medical programs 
and hospitals, 740 
Nutrition Advisory Group (NAG), 469 
owls and, 197 
Penguin Taxonomic Advisory Group (TAG), 
83-84 
SPIDER framework and, 45 
Ataxic myoglobinuric (acute) syndrome, 642t 
Atelerix albiventris, 277t-278t, 280t 
Ateline herpesvirus 2 and 3 (AtHV-2 and 
AtHV-3), 319t-329t 
Atherosclerosis 
in Phoenicopteriformes, 110 
Atipamezole 
in chelonians, 29t 
in crocodilians, 48t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in rodents, 393t-394t 
Atlantic bottlenose dolphin 
clinical procedure of, 425f 
routine phlebotomy from, periarterial 
vascular rate (PAVR) in, 426f 
Atoxoplasmosis, 243 
Atropine, in rodents, 393t-394t 
Auscultation, in Pinnipedia, 445 
Australian magpie goose, 117f 
Avian bornavirus (ABV) 
in Anseriformes, 120t-121t, 122 
in Psittaciformes, 179t-180t 
Avian chlamydiosis, 242 
Avian cholera 
in Anseriformes, 120t-121t 
in Galliformes, 151 
in Procellariformes, 94 
Avian deflighting techniques, 650-660 
legal issues on, 650 
Avian encephalomyelitis, in Galliformes, 147 
Avian gastric yeast, 181t-182t 
Avian influenza 
in Anseriformes, 122-124 
in Charadriiformes, 113 
in Felidae, 472t—474t 
in Passeriformes, 242 
in Psittaciformes, 179t-180t 


Avian keratin disorder, 244 
Avian malaria, 243, 244f 
Avian mycobacteriosis, 242 
Avian paramyxovirus type 1 (APMV-1), 242 
Avian polyoma virus (APV), 179t-180t 
Avian pox 
in Passeriformes, 242 
in penguins, 87 
in Procellariformes, 93 
Avian tuberculosis 
in Columbiformes, 169t-170t 
in Falconiformes, 134t—135t 
in Galliformes, 150-151 
AZA. see Association of Zoos and Aquariums 
(AZA) 
AZA Wildlife Contraception Center, 738 
Azaperone 
in elephants, 521t 
in Hippopotamidae, 586t 
Azaperone/detomidine, 605t 
Azithromycin 
in New World and Old World monkeys, 
311t-312t 
in Passeriformes, 239t 
in snakes, 71t 
Azure-winged Magpie, reference intervals for 
complete blood count/serum chemistry 
values for, 240t—241t 
Azytromycin, in rodents, 414t—415t 


B 


Babesia felis, 471 
Babesia odocoilei, 648 
Babesia shortii, 138t 
Babesiosis, in deer, 622t 
Babirusa (Babyrousa babyrussa) 
hematologic parameters of, 572t 
reproductive parameters of, 583t 
serum biochemical parameters for, 573t 
Baboon, 302t—304t 
Bacillus anthracis 
in elephants, 527 
in Falconiformes, 134t-135t 
Back profection, in computed tomography, 
661 
BACTEC Microbacteria Growth Indicator Tube 
(MGIT), 704 
Bacterial diseases 
in anurans, 5—8, 10t 
in Cetacea, 431 
in Columbiformes, 166, 169t-170t 
in crocodilians, 43t—44t 
in Falconiformes, 134t-135t 
in Galliformes, 150-151, 150t 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Giraffidae, 606 
in great apes, 344—351, 350t 
in Gruiformes, 158 
in Hyrocoidea (hyraxes), 535 
in Lagomorpha, 378-379 
in lizards, 57-58 
in Mustelids, 482 
in Passeriformes, 242-243 
in penguins, 85-86 
in Pinnipedia, 446-447 
in Psittaciformes, 176t-178t 
in rodents, 414 
in snakes, 64-69 
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Bacterial diseases (Continued) 
in Trogoniformes, 222 
in Ursidae, 504t 
Bacterial infections 
in Chiroptera, 285 
in prosimians, 294-298 
Bacterial meningitis, in great apes, 350t 
Bacterial pseudotuberculosis, 599t 
Bacterial salmonellosis, diseases of Mustelids, 
4846—485t 
Bactrian camel, 593t, 601t 
Bairds tapir, 547 
Balamutharis mandrillaris, in great apes, 
352 
Balamuthiasis, 313t-318t 
Balantidiasis, 313t-318t 
Balantidium coli, in great apes, 352t 
Bali Mynah, relerence intervals for complete 
blood count/serum chemistry values for, 
240t-241t 
Bandicoots 
chemical restraint agents, regimens, and 
doses used in, 260b 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
Barbary sheep, 646t 
Barbed quills, of porcupines, 384-385 
Barbets. see Piciformes 
Bartonella spp. 
in Chiroptera, 285 
in in situ and ex situ odontocetes, 431 
Bartonellosis, in rodents, 398t—413t 
Bassariscus astutus 
biologic data for, 492t 
neoplasms identified in, 496t 
Batrachochytrium dendrobatidis (Bd), 17 
Batrachochytrium salamandrivorans (Bs), 17 
Bats. see Chiroptera 
Baylisascariasis, in rodents, 398t—413t 
Baylisascaris transfuga, 505 
BDV. see Border disease virus (BDV) 
Bear 
reference values for serum biochemical 
parameters for, 503t 
selected infectious diseases of, 504t 
Bearded langur, 302t-304t 
Bearded pig, 569t 
overgrown hooves in, 581f 
reproductive parameters of, 583t 
Bearded saki monkey, 302t-304t 
Beaver, biologic information of, 387t 
Bee-Eaters, 225-230, 226t-227t 
Behavioral husbandry techniques, for 
crocodilians, 43 
Belmont splint, application of, 161f 
Benzathine penicillin G, 523t 
Benzocaine, for Caudata, 16t 
Benzodiazepines, in ratites, 77 
Besnoitiasis, in rodents, 398t—413t 
Bharal, 646t 
Bighorn sheep, 646t 
epizootic pneumonia of, 648t 
Bilbies 
chemical restraint agents, regimens, and 
doses used in, 260b 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
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Biliary adenoma, 222 
Biochemistry 
in chelonians, 31-32 
clinical pathology, of Marsupialia, 262 
Biodiversity 
challenges to the conservation of, 
698-699 
healthcare for zoo wildlife to, sustainability 
of, 700-701 
Birds 
hepatic hemosiderosis in, 676b 
iron overload syndromes in, 675-676 
ultrasonography of, 717-719, 720f-721f 
Biting, in camelids, 594 
Black-and gray-headed fruit bats, 285 
Black-and-white colobus monkey, 302t-304t 
Black-backed jackals, 511 
Black devil stingray, ultrasonography of, 
716F717f 
Black rhinos, diseases of unknovvn etiology in, 
544-545 
k-winged stilt. see Himantopus himantopus 
akiston’s fish owl (Bubo blakistoni), habitat 
destruction and, 189 
astomycosis 
in bears, 504t 
in rodents, 398t—413t 
epharoconjunctivitis, 536f 
ind access, 693 
isterlike lesions, 536f 
ood-brain barrier (BBB), West Nile virus and, 
711 
ood collection 
in Caprimulgiformes, 202 
in Caudata, 16 
in great apes, 343 
in rodents, 392-396 
ood feather, 651 
ood parasites 
in Falconiformes, 138t 
in Galliformes, 151-152 
oody-nose syndrome, 319t-329t 
ue-crowned motmots. see Momotus momota 
ue-grey Tanager, reference intervals for 
complete blood count/serum chemistry 
values for, 240t-241t 
Blue sheep, 646t 
Blue-tailed trogon, 219t-220t 
Bluetongue, in deer, 617t-620t 
Boa constrictor Amarali, statistical analysis of, 
64t 
Bola Batu babirusa, 569t 
Bombina bombina, 1 
Bone marrow aspiration, in koala, 265 
Bone marrow collection, in rodents, 396 
Bonobos 
husbandry recommendations for, 338t 
reproductive parameters for, 340t 
Border disease virus (BDV), 647 
Bordetellosis, 151 
Bore, in magnetic resonance imaging, 662 
Borna disease, 296t—297t 
Bornean orangutan, 337f 
Bot flies infestation, 296t-297t 
Bots, 380 
Bots fly strike, 183t 
Bottle-nose dolphin, ultrasonography of, 
720f-721f 
Botulism, diseases of Mustelids, 484t—485t 
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Bovidae (except sheep and goats), 626-645 
anesthesia and surgery of, 632-636 
biology of, 626 
diagnostics of, 636 
general anesthesia, induction of, 631-632, 

633t-635t 
handling of, 630-632 
hematologic parameters of, adult reference 
ranges for, 636t 
housing requirements for, 626-628, 
629t 
infectious disease of, 636-641, 639t 
common, 636-640 
emerging, 640-641 
transboundary animal diseases, 636, 
638t—639t 
noninfectious disease of, 641-642 
nutrition, 628-630 
adult, feeding, 641 
neonate, feeding, 628-629 
parasitic diseases of, 641 
perinatal care of, 642-643 
population management, 626 
preventive medicine of, 643 
reproduction of, 642-643 
assisted, 642 
neonatal care of, 643, 643t 
perinatal care of, 642-643 
restraint of, 630-632 
behavioral, 630 
chemical, 631-632, 632t 
manual capture and, 630 
mechanical, 630-631 
physical, 630-631 
serum biochemical parameters of, adult 
reference ranges for, 637t 
taxonomy and general characteristics of 
family, 627t-628t 
tranquilization and sedation of, 631 
unique anatomy of, 626 
Bovids. see Bovidae 
Bovinae 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 

recommended housing conditions for, 
629t 

taxonomy and general characteristics of, 
627t-628t 

Bovine spongiform encephalopathy (BSE) 
in Canidae, 460 
in Felidae, 470-471 
in prosimians, 296t-297t 

Bovvers, 245 

Box chutes, mechanical restraints, 631 

Bradypus. see Three-toed sloths (Bradypus) 

Bradypus pygmaeus, 357t 

Bradypus torquatus, 3571 
chemical restraint agents for, 358t-359t 

Bradypus tridactylus, 357t 

Bradypus variegatus, 357t 
chemical restraint agents for, 358t-359t 

Brailing, 653 

Branchial respiration, in Caudata, 14 

Bromhexine, for Xenarthra, 367t 

Brown hyenas, 509, 510f-511f, 510t, 

512t 
field immobilization of, 511-512 
Brown lemur (Eulemur), 294f 


Brown pelican (Pelecanus occidentalis) 
biological data for, 97t 
reference ranges for hematologic and serum 
parameters of, 98t 
Browsers, 630 
Brucella infections, in Cetacea, 431 
Brucella spp., in marine mammals, 446-447 
Brucellosis, in deer, 617t—620t 
Buccopharyngeal pumping, in Typhlonectes 
natans, 20-22 
Buceros bicornis, 228 
Bufo paracnemis, sexing, 12f 
Bumblebee bat, 282 
Bumblefoot. see also Pododermatitis 
in Falconiformes, 136-138 
in Strigiformes, 191 
Bunamidine, 311t-312t 
Bupivacaine, in chelonians, 29t 
Buprenorphine 
in Caudata, 16t 
in chelonians, 29t 
in great apes, 342t 
in Lagomorpha, 377t 
in rodents, 393t-394t 
Burhinus capensis 
hematologic parameters of, 114t 
serum biochemistry parameters of, 114t 
Burrowing owl (Athene cunicularia) 
nests of, 197 
physiological reference intervals for, 193t 
Buru babirusa, 569t 
Bushpig, 569t 
Bustards. see Gruiformes 
Buteogallus meridionalis, 128 
Butorphanol 
in anurans, 3t 
in Caudata, 16t 
in chelonians, 29t 
in crocodilians, 48t 
in elephants, 521t 
in Felidae, 470t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in Hippopotamidae, 586t 
in Lagomorpha, 377t 
in lizards, 54t 
in Rhinoceridae, 540-541 
in rodents, 393t-394t 
in snakes, 62t 
in Tapiridae, 551 
Butorphanol tartrate, 595t 
Butorphenol, for great apes, 342t 
Buzzards. see Falconiformes 
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Cabassous, 356t 

Caecilians 
anatomy of, 20-22 
diagnostics in, 23 
diseases of, 23-24 
feeding of, 22 
general biology of, 20, 21t 
handling of, 22 
hematologic and serum chemistry parameters 

im, 23t 

housing requirements for, 22 
immobilization of, 22 
infectious diseases in, 24 
locomotion in, 22 


Caecilians (Continued) 
noninfectious diseases in, 24 
pharmaceuticals in, 23 
physical examination of, 23 
preventive medicine for, 24-25 
reproduction of, 24 
restraint of, 22 
surgery in, 22-23 
toxins in, 24 
Caenophidians (advanced snakes), 61 
Caiman. see Crocodilians 
Caimen lizard, hematologic parameters for, 56t 
Calamus, 652f 
Calcification, in Caprimulgiformes, 202f 
Caliciviruses, in Pinnipedia, 446 
California sea lion 
Acanthocheilonema odenhali in, 447 
computed tomography scan of, 443f 
dorsoventral projection digital radiographs 
of, 438f 
endotracheal intubation of, 443f 
leptospirosis and, 446 
Callimico, 302t-304t 
Callitrichid hepatitis virus, 331 
Callitrichine herpesvirus 3 (CalHV3), 
319t-329t 
Calving, in Cetacea, 433 
Camelidae, 592-602 
anatomy and physiology of, 592-593 
anesthesia and surgery of, 595 
biology of, 592, 593t 
diagnostic procedures of, 595-598 
diseases of, 598 
feeding and nutrition of, 594 
hematologic parameters in, 596t 
housing of, 593-594 
preventive medicine of, 598 
reproduction of, 598, 601t 
restraint of, 594-595 
chemical, 594-595, 595t 
serum biochemistry parameters in, 597t 
tuberculosis diagnostics in, 706 
Camelids. see Camelidae 
Camelus bactrianus, 593t 
Camelus bactrianus ferus, 593t 
Camelus dromedarius, 593t 
Camouflage, in Caprimulgiformes, 199 
Campylobacter jejuni, 101 
Campylobacter spp., in Pinnipedia, 447 
Campylobacteriosis 
in great apes, 350t 
in Mustelids, 484t—485t 
in New World and Old World monkeys, 
319t-329t 
in Ursidae, 504t 
Canadian beaver, reproductive parameters of, 
420t 
Canary circovirus (CaCV), 242 
Candida albicans, 166 
in Falconiformes, 134t-135t 
Candidiasis 
in Columbiformes, 169t—170t 
in great apes, 351t 
in hummingbirds, 212t 
in Passeriformes, 243 
in Psittaciformes, 181t-182t 
Canidae 
anatomic features of, 457-459 
diagnostics of, 462 


Canidae (Continued) 
disease of, 462-464 
feeding of, 459-460 
general biology of, 457 
hematologic parameters of, 462t 
housing requirements for, 459 
infectious disease of, 462-464 
injectable anesthetic combinations applicable 
to, 461t 
noninfectious diseases of, 464 
physical examination of, 462 
and population status, 458t 
preventive medicine for, 465-466 
reproduction of, 464-465 
reproductive parameters of, 465t 
restraint and handling of, 460-461, 460f 
serum biochemical parameters of, 463t 
surgery for, 461-462 
Canine adenovirus, 463 
Canine distemper, in bears, 504t 
Canine distemper virus (CDV) 
in Canidae, 463 
in Felidae, 472t-474t 
in Hyaenidae, 512-513 
in Pholidota, 372-373 
in Ursidae, 503 
Canine parvovirus, +63 
Canis lupus baileyi, 460f 
Canis mesomelas, 511 
Canker, 169t-170t 
Canthaxanthin, 107 
Cape thick-knee. see Burhinus capensis 
Capillaria, in Charadriiformes, 115 
Capillaria spp., 137t 
Capillariosis, in ramphastids, 234 
Capitonidae, reproductive characteristics of, 
235t 
Caprimulgiformes (nightjars and allies), 
199-205 
anatomy of, 199 
anesthesia of, 201 
biology of, 199 
diagnostics of, 201-202 
diseases of, 202-204 
feeding of, 200-201 
captive, 200-201 
free-ranging, 200 
handling of, 201 
housing requirements of, 200 
physiology of, 199 
reproduction of, 204 
respiratory system of, 199 
restraint of, 201 
surgery of, 201 
Caprinae species, 645-649 
biochemical parameters of, 647t 
biology of, 645 
chemical restraint/anesthesia for, 646 
diagnostics for, 647 
feeding of, 645-646 
hematologic parameters of, 647t 
housing requirements of, 645 
infectious diseases in, 647-648, 648t 
noninfectious disease of, 649 
parasitic diseases in, 648-649, 648t 
reproduction of, 649 
restraint/handling of, 646 
selected species information for, 646t 


Captan powder, in rodents, 414t—415t 
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Captive bears, chemical restraint agents used 
for, 501t 
Captive-born birds, 228 
Captive manatees, hematologic results for 
free-ranging and, 452t 
Captive mustached bats, 284 
Capture myopathy, 641-642 
in Phoenicopteriformes, 110 
syndromes of, in nondomestic ruminants, 
642t 
Capture shock (hyperacute) syndrome, 642t 
Capuchin monkey, 302t-304t 
Capybara 
biologic information of, 387t 
reproductive parameters of, 420t 
Caracaras. see Falconiformes 
Carbamates, toxicities of Falconiformes, 139t 
Carbaryl 
in Hyrocoidea (hyraxes), 537t 
in Mustelids, 487t 
Carbaryl powder, in rodents, 414t—415t 
Carbenicillin 
in chelonians, 36t 
for snakes, 71t 
Cardiocentesis, for snakes, 64 
Cardiovascular diseases, of great apes, 351-353 
Carfentani 
in Bovidae and Antilocapridae, 632 
in Equidae, 561 
in Proboscidea, 521t 
in Ursidae, 500, 501t 
Carfentanil-xylazine 
in Giraffidae, 605t 
in Ursidae, 501t 
Carfentanyl/xylazine, in Hippopotamidae, 587t 
Carina, of Otariids, 438 
Carmine bee-eater. see Merops nubicus 
Carnidazole, 239t 
Carnivores 
iron overload syndromes in, 678 
tuberculosis diagnostics in, 708 
Carprofen 
in Lagomorpha, 377t 
in rodents, 393t—394t 
Caryospora spp., 137t 
Caseous lymphadenitis, 599t 
Caspian seal (Pusa caspica), endangered, 436 
Castorimorpha, 385b 
Castration, in male hippo, 590 
Cat, nutrient requirements and ranges for, 481t 
Cataracts, in Caprimulgiformes, 201 
Caudata (Urodela), 13-20 
active immunity in, 17 
anatomy of, 13-14 
anesthesia for, 15 
anesthetic and analgesic agents for, 16t 
antiviral immunity in, 17 
diagnostics in, 16 
families of, 14t 
feeding of, 14-15 
handling of, 15 
hematologic parameters of, 16t 
housing requirements for, 14 
infectious diseases in, 17 
noninfectious diseases in, 18 
nutritional diseases in, 18 
parasitic diseases in, 17-18 
physiology of, 14 
ranavirus in, 17 
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Caudata (Urodela) (Continued) 
reproduction of, 18-19 
restraint of, 15, 15f 
serum biochemical parameters of, 16t 
surgery in, 15 
taxonomy of, 13 
Cave sickness, 288 
Cebidae species, 306 
Cefpodoxime proxetil, 536t 
Cefquinome, 121t 
Ceftazidime, 239t 
in chelonians, 36t 
in Hyrocoidea (hyraxes), 536t 
in snakes, 71t 
Ceftiofur 
in Anseriformes, 121t 
in Passeriformes, 239t 
in Proboscidea, 523t 
in rodents, 414t—415t 
Ceftiofur crystalline free acid (CCFA) 
in Anseriformes, 121t 
in Hyrocoidea, 536t 
Ceftiofur sodium 
for chelonians, 36t 
or Xenarthra, 366t-367t 
Celebes pig, 569t 
Cell-mediated immunity, 704 
Centers for Disease Control and Prevention, 
734 
Central nervous system (CNS), West Nile virus 
and, 711 
Central venous pressure (CVP), in bottlenose 
dolphins, 426 
Cephalexin 
in insectivores, 279t 
in Passeriformes, 239t 
in penguins, 85t 
in rodents, 414t—415t 
Cephalophinae 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 
recommended housing conditions for, 629t 
taxonomy and general characteristics of, 
627t-628t 
Cercopithecine Herpesvirus 9, 319t-329t 
Cercopithifilariasis, in rodents, 398t—413t 
Cerebral larval migrans, 296t-297t 
Cerebrospinal fluid tap, clinical pathology, of 
Marsupialia, 265 
Cervical lymphadenitis, in rodents, 398t-413t 
Cervidae, 611-625 
anatomy of, 611 
biochemical parameters of, 616t 
biologic information and conservation status 
of, 612t 
diagnostics of, 615 
differential diagnosis of, 621-623 
disease of, 615-621 
infectious, 617t—620t 
noninfectious, 621 
parasitic, 621, 622t 
feeding of, 612-613 
general biology of, 611 
hematologic parameters of, 615t-616t 
housing requirements of, 611-612 
physical examination of, 615 
preventive medicine of, 623 
reproduction of, 623-624, 623t 


Cervidae (Continued) 
restrainUhandling of, 613-615, 614t 
behavioral, 613 
physical, 613 
surgery of, 615 
treatment of, 623 
Cestodes, in Charadriiformes, 115 
Cestodiasis, 123t, 313t-318t 
Cetacea, 422—436 
anatomy of, 423 
anesthesia of, 425-426 
biology of, 422, 423t 
breeding behavior of, 432-433 
chemical restraint of, 424, 425t 
closed systems for, 423 
diagnostics of, 426-427 
diseases of, 427-432, 428t—430t 
feeding of, 424 
hematologic parameters of, 427t 
open systems for, 423 
physiology of, 423 
reproduction of, 432-434, 433t 
restraint/handling of, 424 
serum biochemical parameters for, 428t 
special housing requirements of, 423-424 
surgery of, 425-426 
vaccination of, 434 
Cetacean morbillivirus. see Dolphin 
morbillivirus 
CFR. see Code of Federal Regulations (CFR) 
Chacoan peccary 
reproductive parameters of, 583t 
rostrum of, 568 
salivary papilla in, 570f 
Chaetophractus vellerosus, 356t 
Chaetophractus villosus, 356t 
Chagas disease, 313t-318t 
Chameleons, 52 
Chamois, 646t 
Charadriiformes, 112-116 
anatomy of, 112 
biology of, 112 
diagnostics of, 113 
diseases of, 113-115 
eeding of, 112-113 
handling of, 113 
housing requirements of, 112 
pharmaceuticals, 113 
physical examination of, 113, 114t 
preventive medicine of, 115 
reproduction of, 115 
restraint of, 113, 113f 
surgery of, 113 
toxicities in, 115 
Chaunocephalus ferox, 101 
Cheilospirura spinosa, 152 
Chelation, for iron overload, 679 
Chelonians 
anatomy of, 27 
anesthesia for, 28-30, 29t 
antimicrobials for, 36t 
biochemistry in, 31-32 
biology of, 27, 28t 
diseases of, 33 
infectious, 34t 
noninfectious and nutritional, 35t 
parasitic, 36t 
feeding of, 27-28 
free-ranging, considerations for, 37 


Chelonians (Continued) 
hematology in, 31 
imaging of, 32-33, 32f 
parasiticides for, 37t 
physical examination of, 30-31 
physiology of, 27 
reproduction in, 33-35 
restraint/handling of, 28 
surgery in, 28-30, 30f 
treatment modalities for, 33 
upper respiratory disease of, 34t 
Chevrotains. see Tragulidae 
“Chick fading syndrome”, 79 
Chicks, disorders in, 160-161 
Chilean flamingo. see Phoenicopterus chilensis 
Chimpanzees 
husbandry recommendations for, 338t 
reproductive parameters for, 340t 
ultrasonography of, 720f-721f 
Chinchilla 
anatomy of, 384 
biochemical parameters of, 397t 
biologic information of, 386t 
hematologic parameters of, 395t 
reproductive parameters of, 419t 
Chipmunk, reproductive parameters of, 419t 
Chiroptera, 281-290 
diseases of, 284-287 
handling of, 282 
hemochromatosis in, 676, 677f 
iron overload syndromes in, 676-677 
overview and natural history of, 281-282 
public health significance, 287-289 
white nose syndrome in, 286 
Chlamydiosis 
in Anseriformes, 120t-121t 
in Columbiformes, 169t-170t 
in Psittaciformes, 176t-178t 
Chlamydophila psittaci 
in Anseriformes, 120t-121t 
in Falconiformes, 134t-135t 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Spheniscilormes, 85 
Chlamydophilosis 
in Falconiformes, 134t-135t 
in rodents, 398t—413t 
Chlamyphorus truncatus, 356t 
Chloramphenicol 
in chelonians, 36t 
in Hyrocoidea, 536t 
in insectivores, 279t 
in rodents, 414t-415t 
in Xenarthra, 366t—367t 
hlorhexidine, for snakes, 71t 
hloroquine phosphate, 311t—312t 
hlortetracycline, 121t 
holoepus. see Two-toed sloths (Choloepus) 
holoepus didactylus, 357t 
chemical restraint agents for, 358t-359t 
Choloepus hoffmanni, 357t 
chemical restraint agents for, 358t-359t 
Chronic interstitial nephritis, in Giraffidae, 
608 
Chronic progressive nephropathy, in rodents, 
418 
Chronic wasting disease (CWD) 
in Canidae, 460 
in deer, 615-621, 617t-620t 
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Chute system, 630-631 
Chytridiomycosis 
in caecilians, 24 
in Caudata, 17 
Ciconiiformes, 100-104 
anatomy of, 100 
biology of, 100 
disease of, 101-103, 102t 
feeding of, 100 
housing requirements of, 100 
pharmaceuticals of, 101 
preventive medicine of, 103 
reproduction of, 103 
restraint/handling of, 100-101 
surgery of, 101 
oxicities in, 103 
Ciprofloxacin 
in Hyrocoidea (hyraxes), 536t 
in insectivores, 279t 
in Passeriformes, 239t 
in rodents, 414t—415t 
in snakes, 71t 
Cirrhotic liver failure, 675 
Civettictis civetta, neoplasms identified in, 
496t 
Clarithromycin 
in chelonians, 36t 
in insectivores, 279t 
Clindamycin 
in insectivores, 279t 
in New World and Old World monkeys, 
311t-312t 
in penguins, 85t 
Clostridial blackleg, in deer, 617t-620t 
Clostridial enterotoxemia, in deer, 617t—620t 
Clostridial gas gangrene/malignant edema, in 
deer, 617t-620t 
Clostridium, 176t-178t 
Clostridium botulinum, toxicities in ratites, 80 
Clostridium perfringens 
in Falconiformes, 134t-135t 
in Galliformes, 151 
in Psittaciformes, 176t-178t 
Clostridium spiroforme, overgrovvth of, 382 
Clostridium tetani, 527-528 
Clotrimazole, for penguins, 85t 
CNS. see Central nervous system (CNS) 
Coccidia 
in Gruiformes, 159 
in Lagomorpha, 380 
Coccidial infections, in lambs, 648 
Coccidioidomycosis 
in Camelidae, 600t 
in New World and Old World monkeys, 
319t-329t 
in nondomestic equids, 564t-565t 
in Przevvalski horses, 562 
Coccidiomycosis, in great apes, 351t 
Coccidiosis 
in Anseriformes, 123t 
in chelonians, 36t 
in Columbiformes, 169t-170t 
in Galliformes, 151 
in rodents, 398t—413t 
Cochlosoma spp., 243 
Code of Federal Regulations (CFR), 683 
Codiostomum struthionis, 78-79 
Coelioscopy, 689 
Coeliotomy, for snakes, 63 


Coendou 
biologic information of, 387t 
reproductive parameters of, 420t 
Coenuriasis, in rodents, 398t—413t 
Cognitive bias, in wildlife MIS, 691-692 
Colibacillosis 
in great apes, 350t 
in Psittaciformes, 176t-178t 
Colic, in nondomestic equids, 566t 
Colies, 214 
Coligranuloma, 176t-178t 
Coliidae, in captivity, reproductive 
characteristics of, 217t 
Coliiformes, 214-217 
anatomy of, 214-215 
anesthesia for, 215-216 
biology of, 214 
diagnostics for, 216 
diseases of, 216 
feeding of, 215 
housing requirements for, 215 
restraint and handling of, 215 
status and conservation of, 214 
surgery for, 215-216 
taxonomy of, 214 
Collared peccary (Tayassu tajacua) 
hematologic parameters for, 572t 
reproductive parameters of, 583t 
serum biochemical parameters for, 573t 
Collocalia bartschi, 214 
Colorado pika, 377f 
Columbiformes, 164-171 
anatomy of, 164-165 
anesthesia for, 165-166 
biology of, 164 
blood values for, 168t 
diagnostics in, 166 
eeding of, 165 
housing requirements for, 165 
infectious diseases in, 166-167 
noninfectious diseases in, 168 
preventive medicine for, 171 
reproduction of, 168-171 
restraint and handling of, 165, 166f 
surgery for, 166, 167f 
oxins in, 168 
Coly, 214 
Combelen, 595t 
Common barn owl (Tyto alba), clutch size of, 
197 
Common hippo, 585 
chemical restraint agents used for, 586t 
Common Shama Thrush, reference intervals for 
complete blood count/serum chemistry 
values for, 240t-241t 
Common warthog, 569t 
reproductive parameters of, 583t 
Comparative medicine, 701 
Computed tomography (CT) 
in chelonians, 33 
equipment and procedure of, 661 
image acquisition and formation of, 
661-662 
indication of, 664-665, 665t 
in lizards, 55 
physics of, 661 
reconstruction of, 662 
in rodents, 392 
safety of, 662-664, 664b 
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Computed tomography (CT) (Continued) 
in snakes, 64 
uses of, 661-662 
Conception, of Cetacea, 432-433 
Conducted electrical weapons (CEW), 
731-732 
Congenital disorders, of great apes, 353 
Conraua goliath, 1 
Conservation medicine and One Health 
challenges to the conservation of biodiversity 
and, 698-699 
health care and, 699 
opportunities for zoological institutions, 
699-701 
role of zoologic veterinarians, 698-703, 
700b, 700f 
Contracaecum spp. 
in Falconiformes, 137t 
in Pelecaniformes, 99t 
Contraception, 735-739 
in Cetacea, 434 
female, 735-737 
androgens, 736 
Depo-Provera, 735 
estrogen-progestin combinations, 736 
estrogens, 736 
gonadotropin-releasing hormone 
analogues, 736-737 
immunocontraception, 737 
intrauterine devices (IUDs), 737 
mechanical devices for, 737 
melengestrol acetate (MGA) implant, 735 
permanent methods, 735 
progestin. see Progestin 
reversible, 735-737 
tubal ligation, 735 
male, 737-738 
gonadotropin-releasing hormone agonists, 
738 
permanent methods, 737-738 
reversible, 738 
vasectomy, 737-738 
in Marsupialia, 272 
in prosimians, 299 
versus separation, 738-739 
in Ursidae, 506-507 
Contraception Advisory Group (CAG), 590 
Controlled substances, off-label or extra-label 
use of, 686 
Controlled Substances Act (CSA), 686 
Convention on International Trade in 
Endangered Species of Wild Fauna and 
Flora, 685 
Coots. see Gruiformes 
Coping, in owls, 190 
Copulation, in camelids, 598 
Coraciiformes, 225-230 
anesthesia of, 228 
biology of, 225 
clinical pathology mean and standard 
deviation for, 229t 
diagnostics of, 228 
feeding of, 226-227 
housing requirements of, 226 
infectious disease of, 228 
neonatal care of, 227-228 
nesting characteristics of, 227t 
noninfectious disease of, 228-230 
parasitic diseases of, 228 
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Coraciiformes (Continued) 
reproduction of, 227-228 
restraint/handling of, 228 
special physiology of, 226 
supplemental biology for, 226t 
surgery of, 228 
taxonomy of, 225 
unique anatomy of, 225-226 
Coracoid fractures, in owls, 196 
Core body temperature, of Pinnipedia, 444 
Core vaccines, in Felidae, 475 
Cormorants. see Pelecaniformes 
Corneum callus, in rodents, 416 
Corpus luteum, 506 
Corynebacterium, 319t-329t 
Corythaeola cristata, neonatology of, 208 
Corythaixoides leucogaster, hematology and 
plasma biochemistry values of, 207t 
Cosequin, 551-553 
Cosmesis, 690-691 
Cottontail rabbit papillomavirus, 379 
Cowpox 
in New World and Old World monkeys, 
319t-329t 
in rodents, 398t—413t 
Coypu 
biologic information of, 387t 
reproductive parameters of, 420t 
Crab meat, 528 
Cranes. see Gruiformes 
Cranial adaption, of owl, 189 
Craseonycteris thonglongyai, 282 
Crested gecko 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
Crested langur, 302t-304t 
Crested mangabey, 302t-304t 
Crested porcupine, 392f 
biologic information of, 387t 
incisor overgrowth in, 417f 
Crested quetzal, 219t-220t 
Crested svvifts, 214 
Crimean-Congo hemorrhagic fever (CCHF), 
78 
Crocodiles. see Crocodilians 
Crocodilians 
adult, 45 
analgesia for, 47-48, 48t 
anesthesia for, 45-47 
protocols, 46-47 
behavioral conditioning for, 45 
blood volume of, 40 
cardiovascular system of, 39-40 
ears of, 40 
enclosure design of, 41-42, 42f 
environmental temperatures for, 40-41 
eyes of, 40 
husbandry of, 40-41 
infectious diseases of, 43, 43t—44t 


injection sites/venous access in, 45—46, 46t, 


47f 

noninfectious diseases of, 43 
nutrition of, 42-43 

food items for, 42 

pelleted diet, 42-43 

whole prey items for, 42 
physiologic reference ranges for, 47 
postpulmonary membrane of, 38-39, 40f 
preventive medicine for, 43-45 


Crocodilians (Continued) 
renal portal system in, 40 
respiratory system of, 38-39 
restraint techniques for, 45, 45f 
skin of, 40, 41f 
teeth of, 40 
Crocodylus niloticus, 39f 
Crocuta crocuta, 510f 
Cryptococcus, in New World and Old World 
monkeys, 319t-329t 


Cryptococcus neoformans, in tawny frogmouths, 


202 

Cryptococcus neoformans var. gattii, 78 
Cryptoprocta ferox 

biologic data for, 492t 

neoplasms identified in, 496t 
Cryptosporidiosis 

in lizards, 59 

in New World and Old World monkeys, 

313t-318t 

in prosimians, 296t-297t 

in rodents, 398t—413t 
Cryptosporidium 

in chelonians, 36t 

in Galliformes, 151 
Cryptosporidium parvum, 380 
Cryptosporidium serpentis, in snakes, 70 
Cryptosporidium sp., in ostriches, 79 
Cryptosporidium varanii, in snakes, 70 
Cryptotis parva, 280t 
Cuban trogon, 218 
Cuckoo-roller, 227t 
Cuckoos. see Cuculiformes 
Cuculilormes 

anatomy of, 186 
biology of, 186 
diagnostics for, 187 
disease in, 187-188 
eeding of, 187 

captive, 187 

free-ranging, 187 
housing requirements of, 186-187 
infectious disease in, 187 
noninfectious disease in, 187-188 
parasitic disease in, 187 
pharmaceuticals for, 187 
physical examination for, 187 
preventive medicine for, 188 
reproduction of, 188 
restraint and handling of, 187 
surgery for, 187 
oxicities in, 188 
Cutaneous respiration, in Caudata, 14 
Cutaneous ulcerative syndrome, 544 
Cuterebra spp., 380 
Cyathostoma spp., 137t 
Cyclocoelidae digenean infections, 228 
Cyclocoelum sp., in Charadriiformes, 115 
Cyclohexamines, 632 
Cyclopes 

diet of, 358 

physical restraint for, 358 
Cyclopes didactylus, 357t 

chemical restraint agents for, 357t 
Cyclospora, in great apes, 352t 
Cynictis penecillata, biologic data for, 492t 
Cyrnea colini, 152 
Cyrnea spp., 137t 
Cysticercosis, in rodents, 398t-413t 


Cystinuria, 464 
Cytauxzoon felis, 471 


D 


Dacelo novaeguinaea, 227 
Dall sheep, 646t 
Dan-Inject JM.DB.11, 731f 
Darts, 730 
transmitter, 731f 
Dassie bacillus, 535 
Dasyprocta species, 388 
Dasypus hybridus, 356t 
Dasypus novemcinctus, 356t 
chemical restraint agents for, 358t-359t 
Dasyurids 
capture and physical restraint of, 259 
chemical restraint agents, regimens, and 
doses used in, 260b 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
Dealer, and exhibitors, 684-685 
Deer, 611 
alpha-herpesviruses in, 617t-620t 
warble, 622t 
Deer nasal bots, 600t—601t 
Degenerative joint disease, in elephants, 528 
Degu 
biochemical parameters of, 397t 
hematologic parameters of, 395t 
reproductive parameters of, 419t 
restrainuhandling of, 389 
Delayed implantation, 499 
Delayed-peracute (chronic) syndrome, 642t 
Deletrocephalus dimidiatus, 78-79 
Delphinapterus leucas (Beluga) 
biological information of, 423t 
hematologic parameters of, 427t 
reproductive characteristics of, 433t 
serum biochemical parameters for, 428t 
Dendrobates tinctorius, 4£ 
Dendrohydrax spp., 533t 
Dental diseases 
in great apes, 353 
in rodents, 416-417 
Dental malocclusion, 382 
Depo-Provera, 735 
Dermanyssus gallinae, 136 
Dermatophilosis, in Ursidae, 504t 
Dermatophytosis 
in great apes, 351t 
in rodents, 398t—413t 
in young red pandas, 495 
Dermophis sp., presumed nutritional secondary 
hyperparathyroidism in, 24 
Desert-adapted animals, 628 
Desert warthog, 569t 
Deslorelin (Suprelorin), 737t 
Detomidine 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in Giraffidae, 605t 
in Hippopotamidae, 586t 
in Tapiridae, 551 
Detomidine/acepromazine/butorphanol/ 
methadone, 605t 
Detomidine/butorphanol, 605t 
Detomidine plus, 521t 
Dexamethasone, for Xenarthra, 367t 


Dexmedetomidine 

in chelonians, 29t 

in Felidae, 470t 

in rodents, 393t—394t 
Diabetes mellitus 

in prosimians, 299t 

in ramphastids, 234 

in rodents, 419 
Diarrheal disease, in rabbits, 382 
Diarrheal syndrome, in great apes, 351 
Diazepam 

in Camelidae, 595t 

in chelonians, 29t 

in Florida manatee (Trichechus manatus 
latirostris), 454t 

in great apes, 342t 

in Hippopotamidae, 586t 

in Hyrocoidea (hyraxes), 534t 

in insectivores, 277t 

in Lagomorpha, 377t 

in lizards, 54t 

in rodents, 393t—394t 

in Tubulidentata, 515 
Diazepam/ketamine, 595t 
Dichlorvos, 311t-312t 
Diclofenac, toxicities of Falconiformes, 139t 
Diethylcarbamazine citrate, 311t-312t 
Dig barriers, 459 
Digean fluke, in Chiroptera, 285f 
Diiodohydroxyquin liodoquinoll, 311t-312t 
Diomedea sanfordi, 94 
Diomedeidae, 89, 90t 
Diprotodonts, 255-256 
Direct cellular immunity, 705t 
Direct supervision, 685 
Direct test, 704 
Dirofilaria immitis, 463 
Diroftlaria ursi, 505 
Disease Investigation and Management, 725 
Disease risk awareness questionnaire (DRAQ), 
for captive exotic Galliformes, 147, 149b 
Diseases 
of anteaters, 364t—365t 
of armadillos, 363t 
of Barbets, 232 
of conservation concern, conducting studies 
on, 701 
f Mustelids, 482-487 
Ramphastids, 234 
sloths, 364t 
Tubulidentata, 515 
£ Woodpeckers, 232-234 
of Xenarthra, 360-366 

in zoo wildlife, 701 
Dispharynx nasuta, 244 
Disseminated visceral coccidiosis, in 

Gruiformes, 160f 

Dist-Inject, transmitter darts, 731f 
Dist-Inject Net Launcher CO), 731f 
Dithiazanine sodium, 311t-312t 
Diurnal lemurs, 291-292 
Divalent metal transporter 1 (DMT1), 283 
Dive reflex, in penguins, 84-85 
Diving petrels. see Pelecanoididae 
DMT1. see Divalent metal transporter 1 
(DMT1) 
Dog, nutrient requirements and ranges for, 
481t 
Dolphin morbillivirus, 427 


o a 9 


Dolphins. see Cetacea 
Domestic animals, vvildlife/humans interface, 
surveillance of disease in, 701, 702f 
Domestic goat 
biochemical parameters of, 647t 
hematologic parameters of, 647t 
Domestic pigeons, 165f 
Domestic rabbit(s), 375 
analgesic agents in, 377t 
anesthetic in, 377t 
antimicrobial agents commonly used in, 
379b 
antiparasitic agents commonly used in, 381t 
biologic and physiologic data of, 376b 
chemical restraint in, 377t 
hematologic and serum biochemical values 
of, 376t 
Doppler blood flow transducer, 47 
Doppler flow detector, 391-392 
Doramectin, 537t 
Dose-dependent respiratory depression, 119 
Double-barrel dart gun, 730 
Douc langur, 302t-304t 
Douc monkey, 302t-304t 
Douroucouli, 302t—304t 
Dove. see Columbiformes 
Doxapram, for Xenarthra, 367t 
Doxycycline 
in Anseriformes, 121t 
in chelonians, 36t 
in Hyrocoidea, 536t 
in insectivores, 279t 
in New World and Old World monkeys, 
311t-312t 
in Passeriformes, 239t 
in penguins, 85-86 
in Psittaciformes, 175 
in rodents, 414t—415t 
in Xenarthra, 366t—367t 
Drill monkey, 302t-304t 
Dromedary camel, 593t, 601t 
Drop-floor chutes, mechanical restraints, 631 
Drowning, in chelonians, 35t 
Drugs 
compounding of, 686 
delivery of, in great apes, 341-343 
Dual Path Platform (DPP) test, 526-527 
Duck plaque, 120t-121t 
Duck viral enteritis, 120t-121t 
Dulaa, 593 
Dunnalge, 313t-318t 
Duodenal ampulla, of odontocetes, 423 
Duprasi 
anatomy of, 384 
biochemical parameters of, 397t 
reproductive parameters of, 419t 
Dusty langur, 302t-304t 
Dwarf lemurs (Cheirogaleus), 292 
Dysentery, in great apes, 351 
Dystocia 
in lizards, 56-57 
in snakes, 63 


E 


Eagles. see Falconiformes 

Ear mites, 380 

Eastern chipmunks, West Nile virus and, 710 

Eastern cottontail rabbits, West Nile virus and, 
710 
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Eastern equine encephalitis (EEE) 
in Gruiformes, 158 
in New World and Old World monkeys, 
319t-329t 
in penguins, 87 
in Rhinoceridae, 543 
Eastern screech owl (Megascops asio), 
physiological reference intervals for, 193t 
Ecdysis, 61 
Echidna, 247-255. see also Monotremata 
anatomy and special physiology of, 247, 
248 
blood collection in, 251f 
diet, 250 
diseases of, selected, 253t 
housing requirements for, 248 
reproductive tract 
female, 252f 
male, 252f 
taxonomy of, 247 
Echidnophaga gallinacean (Sticktight fleas), 152 
Echinococcosis, 313t—318t 
Echinococcus, in great apes, 352t 
Echinops telfairi, 277t-278t, 280t 
Echthyma, 647 
contagious, 648t 
Ectoparasites 
of bats, 284 
of Falconiformes, 136 
of Lagomorpha, 380 
of lizards, 58-59 
of Mustelids, 482-486 
in parasitic diseases, 270b 
o[ ratites, 79 
of tawny frogmouths, 202 
Egyptian fruit bat, 286 
Egyptian spiny-tailed lizard, hematologic 
parameters for, 56t 
Ehrlichia ruminatum, 528 
Ehrlichiosis, 296t-297t 
Eimeria 
in Caprinae species, 648t 
in Gruiformes, 159 
Eimer5 organs, 275 
Eira barbara, 478t—479t 
jaculatory plugs, in rodents, 418 
aeophora schneideri, 648-649 
ectrical weapons, 731-732 
ectromagnetic (EM) radiation, 662 
ectronic Library, 725 
ephant endotheliotropic herpesvirus (EEHV), 
524, 526 
phant Managers Association (EMA), 520 
phant restraint device (ERD), 519 
phant shrews, 275-276, 280 
phant TB STAT-PAK, 553 
phantpox, 527 
phants, 517 
adult, normal vital parameters for, 524b 
biochemistry blood values in, 525t 
comparison of African and Asian, 518t 
complete blood count values in, 524t 
doses for sedating and immobilizing, 521t 
interferon-gamma release assays and 
serologic assays in, 706t-707t 
reversal agents for sedatives used in, 520b 
selected pharmaceutical agents studied in, 
523t 
tuberculosis diagnostics in, 706-707 
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Embryonic diapause, 499 
Emerging infectious diseases (EIDs), 698 
Encephalitis, 224 
Encephalitozoonosis, 463 
Encephalomyocarditis, in prosimians, 
296t-297t 
Encephalomyocarditis virus (EMCV) 
in great apes, 348t—349t 
in New World and Old World monkeys, 
319t—329t 
in Proboscidea, 527 
Encephalomyocarditis virus (EMCV) infections 
in Rhinoceridae, 543 
in Tapiridae, 555 
End-tidal carbon dioxide (EtCO,), for dolphins, 
425-426 
Endangered Species Act (ESA), 685 
Endemic typhus, in rodents, 398t—413t 
Endocavitary probes, 502 
Endocrine diseases 
of great apes, 353 
of rodents, 419 
Endoparasites 
of Falconiformes, 136, 137t 
of Gruiformes, 159-160 
of lizards, 59 
of tawny frogmouths, 202-204 
Endoscope 
selection, 694 
tip area, 694t 
Endoscopy, 33 
Endosurgical techniques, 690-691 
Endotracheal intubation, in adult California sea 
lion, 443f 
Endotracheal tubes, 294f, 588 
Enhydra lutris, 478t—479t 
Enrofloxacin 
in Anseriformes, 121t 
in chelonians, 36t 
in Hyrocoidea, 536t 
in insectivores, 279t 
in Lagomorpha, 378 
in Passeriformes, 239t 
in penguins, 85t 
in Proboscidea, 523t 
in rodents, 414t—415t 
in snakes, 71t 
in Xenarthra, 366t—367t 
Entamoeba histolytica, in great apes, 352t 
Entamoeba invadens, in snakes, 70 
Entamoeba struthionis, 79 
Enteric disease, 330 
Enterobius vermicularis, in great apes, 352t 
Enterocolitis, 296t-297t 
Enteroliths, in nondomestic equids, 566t 
Enterotoxemia 
in Camelidae, 600t 
in Falconiformes, 134t-135t 
Enterovirus, in bottlenose dolphin, 431 
Enucleation, in owl, 196 
Environmental Protection Agency (EPA), 197 
Enzyme-linked immunosorbent assay (ELISA), 
704 
cross-reactivity of, 706t 
in pasteurellosis, 378 
Eosinophilic granuloma syndrome, 544 
Eosinophilic meningoencephalitis, in tawny 
frogmouths, 202-204 
Epidural anesthesia, for rodents, 390 


Epithecal space, 30f 


Epizootic hemorrhagic disease (EHD), of deer, 


617t-620t 
Epstein Barr disease, 296t-297t 
Eptesicus serotinus, 284 
Equidae, 559-567 
diagnostics of, 562 
diseases of, 562-565 
feeding of, 560 
general biology of, 559, 560t 
handling of, 560-562 
hematology of, 562, 563t 
pharmaceuticals of, 562 
physical examination of, 562 
preventive medicine of, 565-566 
reproduction of, 565, 566t 
restraint of, 560-562 
chemical, 560-562, 561t 
physical, 560 
special housing requirements of, 560 
surgery of, 562 
unique anatomy of, 559 
Equine degenerative myeloencephalopathy, in 
nondomestic equids, 566t 
Equine encephalitides, 102t 
Equine encephalitis, in Galliformes, 148 
Equine herpesvirus 9 (EHV-9), in bears, 
503-504 
Equine herpesviruses (EHV) 
in bears, 504t 
in Bovidae and Antilocapridae, 641 
in Equidae, 562, 564t—565t 
Equine protozoal myeloencephalitis, in 
nondomestic equids, 565t 
Equus, 559 
Erinaceus europaeus, 277t-278t, 280t 
Erysipelosis, in rodents, 398t-413t 
Erysipelothrix rhusiopathiae 
in Cetacea, 431 
in tawny frogmouths, 202 
Erythromycin, 279t 
Escherichia coli, 319t-329t 
Estrogen-progestin combinations, 736 
Estrogens, 736 
Estrus eycles, of rhinos, 545 
Etonorgestrel, 736t 
Etorphine 
in Equidae, 561 
in Giraffidae, 605t 
in Hippopotamidae, 586t 
in Proboscidea, 521t 
in Rhinoceridae, 540 
in Ursidae, 501t 
Etorphine/xylazine, 605t 
Eucoleus, 265 
Eucoleus aerophilus, 137t 
Eugenol, for Caudata, 16t 
Euphractus sexcinctus, 356t 
Eurasian eagle owl (Bubo bubo), physiological 
reference intervals for, 193t 
Eurasian otter 
biochemical parameters for, 483t 
hematologic parameters of, 483t 
European Association of Zoo and Wildlife 
Veterinarians (EAZVVV), 681 
infectious diseases 
notebooks, 670-673 
working group, 673f 
transmissible disease fact sheet, 671f 


European Association of Zoos and Aquaria 
(EAZA) Nutrition Group, 469 
European brown hare syndrome, 379-380 
European hedgehog, 277t-278t 
European polecat 
biochemical parameters for, 483t 
hematologic parameters of, 483t 
European transmissible diseases handbook, 
history and development of, 670-672 
Eurytrema procyonis, 464 
Eustrongylides ignotus, 101 
Euthanasia 
of Ursidae, 507 
in veterinary care, 741 
Exertional myopathy, diseases of Mustelids, 
488t 
Exhibit-related trauma, 222 
Exhibitors, dealer and, 684-685 
External parasites, of Rhinoceridae, 543-544 
External skeletal fixator-intramedullary pin 
tie-in, in owls, 196 
Eye trauma, in owls, 191 


F 


Facultative heterothermy, in Caprimulgiformes, 
199 
Failure of passive transfer (FPT), 628 
Fairy Bluebird, reference intervals for complete 
blood count/serum chemistry values for, 
240t-241t 
Falconiformes, 127-142 
anatomy of, 127-128 
anesthesia of, 130 
beak of, 127 
biology of, 127-128 
blood parasites of, 138t 
diagnostics of, 130 
feathers, skin and glands of, 127-128, 128f 
feeding of, 129 
eet of, 128 
ormulary of drugs used in, 131t-133t 
gastrointestinal tract in, 128 
housing of, 128-129 
infectious diseases of, 130-136, 134t-135t 
low condition in, 140 
management-related diseases of, 136-138 
nares of, 128 
noninfectious diseases of, 138-141 
nutritional disorders of, 129 
reproduction of, 141 
respiratory system of, 128 
restraint and handling of, 129-130, 129f 
sour crop in, 140 
surgery of, 130 
therapeutics of, 130 
toxicities in, 139t 
urogenital system of, 128 
viruses in, 134t—135t 
Falcons. see Falconiformes 
Famiciclovir, 523t 
Famphur, 162 
Fasciola hepatica 
in Marsupialia, 265 
in ratites, 78-79 
Fascioliasis, in rodents, 398t—413t 
Fascioloides magna, 648t, 649 
Fatal gastroenteritis, in Rhinoceridae, 543 
Fatal hepatosplenitis, in Falconiformes, 
134t-135t 


T 
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Faunivora, 112-113 
FCoV. see Feline coronavirus (FCoV) 
FCV. see Feline calicivirus (FCV) 
Feather 
main shaft of, 652f 
trimming of, 652, 653f 
Feces, for detection of enteric parasites and 
ova, 32 
FeCoV. see Feline enteric coronavirus (FeCoV) 


Fibromas, of gray squirrels, 398t—413t 
Filariasis, 313t-318t 

Filovirus, in great apes, 348t-349t 
Filtrum, 61 


Fungal diseases 
in anurans, 5—8, 11t 
in bats, 286 
in Cetacea, 431 
Fipronil in Columbiformes, 166, 169t-170t 
in Mustelids, 487t in crocodilians, 43t—44t 
in Passeriformes, 239t in Falconiformes, 134t-135t 
Fish, ultrasonography of, 714-715, 716E-717f in Gaviiformes, Podicipediformes, and 
Fish and Wildlife Service (FWS), 685 Procellariformes, 94 
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Fe 
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Fe 
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Fe 


et, disorders of, 581 
idae, 467-476 
anatomy and physiology of, 467-469 
anesthesia for, 469-470, 470t 

biology of, 467 

diseases of, 470-471, 471t 

eeding of, 469 

housing requirements of, 469 

injectable anesthetic agents used in, 470t 
nondomestic, 469 

preventive medicine for, 475 
reproduction of, 471-475 

restraint and handling of, 469 

status and conservation of, 467 
axonomy and biostatistics of, 468t 
venipuncture of, 470 

viral diseases of, 472t-474t 


4721-474 
ine infectious peritonitis virus (FIPV), 
472t-474t 
ine leukemia virus (FeLV), 472t-474t 
ine panleukopenia virus (FPV), 472t-474t 
ine papillomavirus, 472t-474t 
ine rhinotracheitis, 472t-474t 
male methods, of contraception, 735-737 
effects on behavior, 737 
immunocontraception for, 737 
mechanical devices for, 737 
permanent sterilization, 735 
reversible contraception for, 735-737 
tubal ligation, 735 
moral artery, 307 
nbendazole 
in Anseriformes, 124t 
in chelonians, 37t 
in Hyrocoidea, 537t 
in Mustelids, 487t 
in New World and Old World monkeys, 
311t-312t 
in Passeriformes, 239t 
in Pelecaniformes, 97-99 
in rodents, 414t—415t 
in snakes, 72t 
in Sphenisciformes, 85t 
toxicities of Falconiformes, 139t 
ntanyl/Fluanisone, in rodents, 393t-394t 
ral swine, 573 
rlavirus, 70 
rret 
biochemical parameters for, 483t 


Fishing gear, in Sirenia, 456 

Flamingos. see Phoenicopteriformes 

Fleas, diseases of Mustelids, 486t 

Flexible endoscopic examination, in Cetacea, 
427 


Florida manatee (Trichechus manatus latirostris), 


analgesic, anesthetic and reversal agents 
for, 454t 
Flubendazole 5%, 311t—312t 
Fluconazole 
in chelonians, 36t 
in Passeriformes, 239t 
in snakes, 71t 
Flukes (trematodes), in Falconiformes, 137t 
Flumazenil 
in crocodilians, 48t 
in Florida manatee (Trichechus manatus 


in Xenarthra, 367t 
Fluoxetine, 507 
FMD (foot-and-mouth disease), 670-672 
Folivorous species, 306 
Folliculogenesis, of chelonians, 34-35 
Food, Drug, and Cosmetic Act (FDCA), 686 
Foot-and-mouth disease (FMD), 670-672 
in deer, 617t-620t 
in Proboscidea, 527 
Foothold traps, 460-461 
Foramen of Panizza, 40 
Foreign body entanglement of digits, in 
Charadriiformes, 115 
Foreign body ingestion, in chelonians, 35t 
Foreign body removal, in parrots, 174 
Foreign controlled substances, drugs or 
dangerous drugs, 686 
Formosan pangolin 
daily formula for, 372t 
healthy 
hematologic parameters for, 373t 
serum biochemistry values for, 373t 
Fossa fossa, neoplasms identified in, 496t 
Foul-smelling oily secretions, 92 
Fowl cholera, in Falconiformes, 134t—135t 
Fox encephalitis. see Canine adenovirus 
Fox squirrels, West Nile virus and, 710 
Fractures, in Gruiformes, 161 
Francisella tularensis, 378 
Frank-Starling mechanism, 603 
Fregata magnificens, 97t 
Frenkeliaosis, in rodents, 398t—413t 
Frigatebirds. see Pelecaniformes 


in hyraxes, 535 
in lizards, 58 
in Mustelids, 482 
in Passeriformes, 243 
in penguins, 85-86 
in Pinnipedia, 447 
in Psittaciformes, 181t-182t 
in rodents, 398t—413t 
in snakes, 69 
in trogonids, 222 
in Ursidae, 504t 
Fungal infections, 298 
Fungal pneumonia 
in Ciconiiformes, 102t 
in Rhinoceridae, 543 
FWS. see Fish and Wildlife Service (FWS) 


wild, 467 latirostris), 454t G 
Feline calicivirus (FCV), 472t-474t in rodents, 393t—394t Gabapentin 
Feline coronavirus (FCoV), 472t—474t in Ursidae, 500 in rodents, 393t—394t 
Feline enteric coronavirus (FeCoV), 472t—474t Flunixin, in rodents, 393t-394t in Ursidae, 506 
Feline herpes virus (FHV), 472t-474t Flunixin meglumine Galapagos penguins, 85 
Feline immunodeficiency virus (FIV), in Lagomorpha, 377t Gallamine, for crocodilians, 48t 


Galliformes, 143-155 
anesthesia for, 146 
behavioral aspects in, 143-144 
biosecurity and quarantine of, 144-145 
bird families within, 144b 
clinical significance of anatomy and 
physiology of, 143-144 
diseases of, 146-153 
management of, 147 
ecal examination, 146 
ight restriction in, 146 
hematologic and biochemical evaluation in, 
145t, 146 
hematology parameters for, 147t 
husbandry of, 144 
nutrition and feeding of, 144-145 
physical examination of, 145t 
procedures and test for, 145t 
radiographic anatomy considerations in, 143 
radiography of, 146 
reproduction of, 153, 153t 
restraint and handling of, 145-146 
serologic monitoring of, 146 
serum biochemical for, 148t 
spur management in, 146 
surgery of, 146 
Gallinules. see Gruiformes 
Gannets. see Pelecaniformes 
Gas anesthesia, for Apodiformes and 
Coliiformes, 215 
Gastric dilation with volvulus (GDV), 462 
Gastric dilation without volvulus (GD), 462 
Gastric distension, in rodents, 391 


hematologic parameters of, 483t 
Ferret kit disease, of Mustelids, 484t-485t 
Ferritin assay, 553 
Fibrinous airsacculitis, 94 


Frilled lizard, hematologic parameters for, 56t 

Frog virus 3 (FV3), 17 

Fungal dermatomycosis, diseases of Mustelids, 
484t—485t 


Gastric impaction, in ratites, 79 

Gastric lymphoma, in crocodilians, 43 
Gastric stasis, in Lagomorpha, 381-382 
Gastrointestinal disease, in elephants, 528 
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Gastrointestinal disorders, in Giraffidae, 608 
Gastrointestinal foreign bodies, in penguins, 
87 
Gastrointestinal obstructions, walruses and, 
438 
Gastrointestinal parasitism, in deer, 622t 
Gastrointestinal system, of Caprimulgiformes, 
199 
Gastrointestinal tract, of hummingbirds, 210 
Gaviid herpesvirus-1. see Novel herpesvirus 
Gaviidae, 90t 
Gaviiformes, 89-95, 90t 
anatomy of, 91 
diagnostics of, 92-93 
disease of, 93-95 
feeding and diet of, 92 
general biology of, 89-91 
housing requirements of, 91-92 
physical examination of, 92-93, 93t 
preventive medicine, 95 
reproduction of, 95, 95t 
restraint and handling of, 92 
surgery of, 92 
toxicities in, 94-95 
Gelada baboon, 302t-304t 
General anesthesia, induction of, in Bovidae 
(except sheep and goats), 635t 
Genetta spp. 
biologic data for, 492t 
neoplasms identified in 
Genetta genetta, 496t 
Genetta tigrina, 496t 
Genotyping techniques, 704 
Gentamicin 
in chelonians, 36t 
in Hyrocoidea, 536t 
in insectivores, 279t 
in rodents, 414t—415t 
Geomyces destructans, 286, 286f 
Gerbil 
anatomy of, 384 
biochemical parameters of, 397t 
hematologic parameters of, 395t 
reproductive parameters of, 419t 
Gharial. see Crocodilians 
Giant forest hog, 569t 
Giant garter snake (Thamnophis gigas) 
hematology and plasma biochemistry 
reference, 65t 
median hematology and plasma biochemistry 
values, 66t 
Giant golden-crowned flying fox, 282 
Giant hornbill. see Buceros bicornis 
Giant pandas, reference values for serum 
biochemicals parameters for, 503t 
Giant salamander, ultrasonography of, 
7167171 
Giant squirrel, biologic information of, 387t 
Giardia spp. 
in great apes, 352t 
in New World and Old World monkeys, 
313t-318t 
Giardiasis 
in prosimians, 296t-297t 
in rodents, 398t—413t 
Gila monster 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
Giraffe. see Giraffidae 


Giraffidae, 602-610 
anatomy of, 602-603 
biology of, 602 
chemical restraint of, 603-606, 605t 
contraception in, 609 
diagnostics of, 606 
feeding of, 603 
hematological parameters for, 606t 
infectious disease in, 606-607 
noninfectious disease in, 607-608 
physiology of, 603 
pregnancy in, 608-609 
preventive medicine for, 609 
reproduction of, 608-609, 608t 
restraint and handling of, 603 
serum biochemical parameters for, 607t 
surgery of, 606 
Gliders 
chemical restraint agents, regimens, and 
doses used in, 260b 
gastrointestinal system of, 256 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
skin of, 256 
Glue-on hoof block, 606 
Glycopyrrolate, rodents and, 393t-394t 
Glycosuria, in Giraffidae, 608 
Goat. see Caprinae species 
Goat-like animals. see Caprinae species 
Goats milk, 628-629 
Goeldis marmoset, 302t—304t 
Golden-breasted Starling, reference intervals for 
complete blood count/serum chemistry 
values for, 240t-241t 
Golden-headed quetzal, 218-219, 219t-220t, 
223t 
Golden monkey, 302t-304t 
Goliath frog, 1 
Gonadotropin-releasing hormone (GnRH) 
agonists, 299, 475, 738 
analogues, 736-737 
vaccines 
female, 737 
male, 738 
Gongylonemiasis, 313t-318t 
“Goosebeak”, 423 
Goral, 646t 
biochemical parameters of, 647t 
hematologic parameters of, 647t 
Gorillas 
husbandry recommendations for, 338t 
reproductive parameters for, 340t 
Gout, in exotic animals, 667-670 
clinical signs and diagnosis of, 668 
differential diagnosis of, 669 
etiology of, 667-668 
further consideration for, 670 
pathologic findings of, 669 
pathophysiology of, 668-669 
preventive medicine for, 669 
primary, 667 
secondary, 667-668 
treatment of, 669 
Grassinema procavia, 535 
Gray-headed fruit bats, 286-287 
Gray squirrel 
biologic information of, 387t 
reproductive parameters of, 420t 


Grazer rumen, 630 
Great apes, 336 
anatomy of, 336 
biochemistry values for, 346t-347t 
caloric needs of, 336 
captive management of 
eeding, 336 
housing requirements, 336 
diagnostics of, 343-344 
blood collection in, 343-344 
cerebrospinal fluid of, 343 
hematology in, 344 
imaging of, 343 
herapeutics, 344 
urine collection in, 343 
diseases of, 344-353 
bacterial, 344-351, 350t 
cardiovascular, 344-353 
dental, 353 
endocrine, 344-353 
infectious, 344-353 
mycotic, 351, 351t 
genus, species, and status in the wild of, 
337t 
geriatric care for, 341, 341f 
housing requirements of, 336 
husbandry recommendations for, 338t 
medical program for, 336 
neonatal care, 341 
preventive medicine for, 336-340 
reproduction of, 340-341 
disorders in, 341 
parameters in, 340t 
screening and evaluation of 
immunoprophylaxis, 339-340 
physical examinations, 338, 3381-339f, 
339t 
preshipment evaluations, 337-338 
quarantine, 338 
surgical procedures on, 343 
Great horned owl (Bubo virginianus) 
physiological reference intervals for, 193t 
radiograph of, with external skeletal 
fixator-intramedullary tie-in fixation, 
196f 
with synovial chondromatosis, 195, 195f 
Greater flamingo. see Phoenicopterus ruber roseus 
Greater sooty owl (Tyto tenebricosa), clutch size 
of, 197 
Grebes. see Podicipediformes 
Green iguana 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
Griseofulvin, in rodents, 414t-415t 
Grivet monkey, 302t-304t 
Ground hornbill, 227t 
Ground-roller, in Coraciiformes, 227t 
Gruid herpesvirus type 1 disease. see Inclusion 
body disease of cranes (IBDC) 
Gruiformes, 155-164 
antimicrobial agents in, 158t 
antiparasitic agents commonly used in, 159t 
beak repair in, 161f 
biology of, 155 
capture myopathy in, 161 
diagnostic procedures for, 156 
exteriorized yolk sac in, 161 
feeding of, 155 
foreign bodies in, 161-162 


Gruiformes (Continued) 

hematologic and serum biochemical 
reference values for, 157t 

infectious disease in, 158-160 
medical treatment for, 156 
neoplasms in, 162 
noninfectious disease in, 160-162 
orthopedic conditions in, 160-161 
preventive medicine for, 162 
protozoa in, 159 
reproduction in, 162 
restraint and handling of, 155-156, 156f 
toxins in, 162 
trauma in, 160 

Grus vipio, 161[ 

Guaifenesin, intravenous, in horses, 551 

Guam swiftlet, 214 

Guanaco, 593t 

Guanine-derived purine excretory products, 

668b, 668t 

Guenon, 302t-304t 

Guinea pig 
anatomy of, 384 
biochemical parameters of, 397t 
biologic information of, 386t 
hematologic parameters of, 395t 
reproductive parameters of, 419t 

Gular pouch, 96 

Gulo gulo, 478t-479t 

Gymnophiona, 21t 


H 


Haloperidol, for Equidae, 560-561 
Halothane, for crocodilians, 48t 
Hamster 
biochemical parameters of, 397t 
biologic information of, 386t 
hematologic parameters of, 395t 
reproductive parameters of, 419t 
Hand rearing 
of Marsupialia, 257-259 
of Monotremata, 248-250 
of Psittaciformes, 184 
Hannemania, 18 
Hantavirus infections, in rodents, 398t—413t 
Hanuman langur, 302t-304t 
Hares, 375-384 
hematologic and serum biochemical values 
of, 376t 
Harpactes erythrocephalus, 218 
Harpactes reinwardti, 219t-220t 
Harriers. see Falconiformes 
Harris’ hawk. see Parabuteo unicinctus 
Hawaiian monk seal (Monachus schauinslandi), 
endangered, 436 
Hawks. see Falconiformes 
Hay piles, 375 
Helicobacter gastritis, 470-471 
Helicobacteriosis, 319t-329t 
Hellbender, ultrasonography of, 718f-719f 
Helminths, in Mustelids, 486 
Helogale parvula, biologic data for, 492t 
Hematology 
of Caprimulgiformes, 202 
of chelonians, 31 
clinical pathology, of Marsupialia, 262 
of great apes, 343, 345t 
of snakes, 64, 64t 
Hemipenes, in snakes, 61-62 


Hemochromatosis 
in Passeriformes, 244, 674 
in ramphastids, 234 
Hemogregarines, 138t 
Hemolytic anemia, 544-545 
B- Hemolytic Streptococci, 319t-329t 
Hemoproteus spp., in Falconiformes, 138t 
Hemorrhagic diathesis, 599t 
Hemorrhagic disease, in Camelidae, 599t 
Hemorrhagic gastric ulcers, with enteritis 
in Pholidota, 372 
Hemorrhagic septicemia, 527 
Hemosiderosis, 222, 299t, 674 
Hendra virus, 288 
Heparin, 31 
Hepatic capillariasis, in rodents, 398t—413t 
Hepatic hemosiderosis, in birds, 676b 
Hepatic hemosiderosis index (HHI), 678 
Hepatic lipidosis, in owl, 195 
Hepatitis 
in Atlantic bottlenose dolphins, 432 
type A, in New World and Old World 
monkeys, 319t-329t 
Hepatocellular hemosiderosis, 675 
Hepatozoon neophrontis, 138t 
Hepatozoonosis 
in Canidae, 463 
in rodents, 398t—413t 
Hepcidin, 674 
Herons. see Ciconiiformes 
Herpes B virus, 313t—318t 
Herpestes ichneumon, neoplasms identified in, 
496t 
Herpesviral infection, diseases of chelonians, 
34t 
Herpesviruses 
in Anseriformes, 120t-121t 
in Falconiformes, 134t-135t 
in snakes, 69 
Heterophils, 396 
Heude pig, 569t 
Hexamitiasis, in chelonians, 36t 
High pathogenic avian influenza (HPAI), in 
Anseriformes, 122 
Himantopus himantopus 
hematologic parameters of, 114t 
serum biochemistry parameters of, 114t 
Hippoboscid flies, tawny frogmouths and, 
2041 
Hippoboscidae, 136 
Hippopotamidae (Hippopotamus), 584—592 
anatomy of, 585 
anesthesia and surgery of, 586-588 
biology of, 584-585 
dental formula of, 585 
diagnostics of, 588 
diseases of, 588-589 
eeding of, 586 
housing requirements of, 585-586 
physiology of, 585 
reproduction of, 590 
restraint and handling of, 586 
surgery of, 588 
Hippopotamus. see Hippopotamidae 
(Hippopotamus) 
Hippotraginae 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 
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Hippotraginae (Continued) 


recommended housing conditions for, 
629 

taxonomy and general characteristics of, 
627t-628t 


Histoplasmosis 


in New World and Old World monkeys, 
319t-329t 
in rodents, 398t—413t 


Honey musth, 529 

Honeyguides. see Piciformes 

Hoof abscesses, in nondomestic equids, 566t 
Hoof acrylics, 581 


toe tip defects with, 582f 


Hoopoes, 225-230, 227t 
Hornbills, 225-230, 226t-227t 


clinical pathology mean and standard 
deviation for, 229t 

mean and standard deviation of plasma iron 
concentrations, 229t 


Houttuynia struthionis, 78-79 


owler monkey, 302t-304t 

PAI-H5N1-Asian Strain, in Anseriformes, 
120t-121t 

uman health, challenges to the conservation 
of, 698-699 

uman Herpesvirus 1 and 2 (HHV1 and 
HHV2), 319t-329t 

uman immunization schedule, 340t 

umboldt penguin, ultrasonography of, 
720F721f 

ummingbirds. see Trochiliformes 
(hummingbirds) 

umoral immunity, 704-705 

unting behavior, of owls, 190 

yaenidae, 509-514 

anatomy of, 509 

biochemical values for, 512t 

bioecology of, 509 

diagnostic sampling and treatment of, 513 

hematologic reference values for, 512t 

history and taxonomy of, 510t 

husbandry of, 510 

medical conditions of, 512-513 

pediatrics of, 513 

preventive care for, 513, 513f 

reproduction of, 509 

reproductive data for, 510t 

restraint of, 510-512, 511t 


Hyalomma rufipes tick, 216 


ybrid orangutan, 338f 

ydatid disease, 296t-297t 

ydatidosis, 313t-318t 

in rodents, 398t—413t 

ydrobatidae, 89-91, 90t 
ydromorphone, in rodents, 393t-394t 


Hyena brunnea, 510{-511f 


ymenolepiasis (tapeworm), 313t-318t 


Hymenolepsis nana, in great apes, 352t 


ypernatremia, in chelonians, 31-32 
yperthermia 

in Camelidae, 601t 

in Canidae, 460 

in chelonians, 35t 


Hyperuricemia, 668 

Hypervitaminosis A, in chelonians, 35t 
Hypoalbuminemia, 464 

Hypocalcemia, in tuatara, 51 
Hypocitraturia, in ex situ dolphins, 432 
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Hypoglycemia, in sick neonatal ruminant, 
643t 

Hypophosphatemia, 541 
Hypothermia 

in Camelidae, 601t 

in chelonians, 35t 

in sick neonatal ruminant, 643t 
Hypoventilation, in great apes, 343 
Hypovitaminosis A 

in Anseriformes, 118t 

in chelonians, 35t 

in lizards, 56 
Hypoxanthine, 667 
Hypoxemia, in sick neonatal ruminant, 643t 
Hyracoidea stress syndrome, 537 
Hyraxes. see Hyrocoidea (hyraxes) 
Hyrocoidea (hyraxes), 532-538 

anatomy of, 532-533 

anesthesia and surgery of, 534 
biology of, 532, 533t 
diagnostics of, 534 
diseases of, 534-537 
eeding of, 533 
handling and restraint of, 533, 534t 
hematologic parameters of, 535b, 535t 
housing requirements of, 533 
parasiticides for, 537t 

reproduction of, 537 

serum biochemical parameters of, 535b, 

535t 

systemic antibiotics for, 536t 

Hystricomorpha, 385b 


I 


Iberian lynx, 467 

Ibex, 646t 

Ibises. see Ciconiiformes 

Ibuprofen, 523t 

Ichthyophonus sp., 18 

Ictonyx striatus, 478t-479t 

IDC (Infectious Disease Committee), 672 
Idiopathic hemorrhagic vasculopathy syndrome 
(HVS), 545 

IDWG (Infectious Diseases Working Group), 
672 

Ileus and trichobezoars, in Lagomorpha, 
381-382 

Imaging 

in chelonians, 32-33 

in Marsupialia, 265 

Imidacloprid, in rodents, 414t-415t 
Immobilon. see Etorphine 

Immunization, in veterinary program, 741 
Immunocontraception, 737 
Immunofluorescent antibody testing, for 
chelonians, 32 

Imping, in owls, 190 

Inanition, in hummingbirds, 212 

Inca tern. see Larosterna inca 

Inclusion body disease (IBD) 

in Ciconiiformes, 102t 

in Falconiformes, 134t—135t 

in Ophidia (snakes), 70 

Inclusion body disease of cranes (IBDC), 158 
Inclusion body hepatitis, of Caprimulgiformes, 
202 

Indicatoridae, reproductive characteristics of, 
235t 

Indirect cellular immunity, 705t 


ndirect humoral immunity, 705t 
Indirect supervision, 685 
Indirect test, 704-706 
Infectious bursal disease (IBD), 158 
Infectious canine hepatitis, 504t 
Infectious coryza, 151 
Infectious Disease Committee (IDC), 672 
Infectious Disease Reviews Notebook, 672 
Infectious diseases 
in Anseriformes, 120-124, 120t-121t 
in anurans, 5-8 
in Apodiformes and Coliiformes, 216 
of camelids, 598 
in Canidae, 462-464 
in Caprimulgiformes, 202 
in Caprinae species, 647-648, 648t 
in Caudata, 17 
in Cetacea, 428t—429t 
in Charadriiformes, 113-115 
in chelonians, 34t 
in Ciconiiformes, 101 
in Columbiformes, 166-167 
control of, 683 
in crocodilians, 43, 43t—44t 
in Cuculiformes, 187 
in Equidae, 562, 564t—565t 
in Falconiformes, 130-136, 134t-135t 
in felids, 470-471 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 93-94 
in Giraffidae, 606-607 
in great apes, 344—353 
in Gruiformes, 158-160 
in hippopotamus, 589 
in hummingbirds, 211, 212t 
in hyraxes, 535-536 
in insectivores, 278 
in lizards, 57-59 
in Mustelids, 484t—485t 
of New World camelids, 600t 
of Old World camels, 599t 
in owls, 191, 194t 
in Passeriformes, 242-243 
of peccaries, 573-581, 575t-577t 
in Pelecaniformes, 97 
in Phoenicopteriformes, 110, 110f 
in Pinnipedia, 446-447 
in ratites, 78 
in rodents, 396-416 
of suids, 573-581 
of swine, 575t-577t 
in trogonids, 222 
in Ursidae, 502-505 
Infectious diseases notebooks, 670-673 
printed book/CD-ROM/online material for, 
673 
purpose and goal of, 672-673 
nfectious Diseases Working Group (IDWG), 
672 
nfectious keratoconjunctivitis, 648t 
nfectious laryngotracheitis. see 
Laryngotracheitis 
nfectious microbial diseases, in deer, 615-621, 
617t-620t 
nfectious pododermatitis, 191 
nfectious respiratory diseases, in Pholidota, 
372-373 
ammatory bowel disease (IBD), 464 
etiology of, 464 


=] 


Influenza 
diseases of Mustelids, 484t—485t 
in great apes, 348t—349t 
type A, in seals, 446 
Influenza viruses 
in Falconiformes, 134t-135t 
type A strains, in New World and Old World 
monkeys, 319t-329t 
Ingrams squirrel 
biologic information of, 387t 
reproductive parameters of, 420t 
Inhalant anesthesia 
for insectivores, 276-277 
for rodents, 391 
Inhalants, for crocodilians, 48t 
Inhalation anesthesia, in hummingbirds, 211 
inimally invasive surgery (MIS) 
comparisons of biopsy sizes, 694t 
specific risks, 693-694 
Injectable anesthesia, for rodents, 390 
Inland taipan, ultrasonography of, 718{-719f 
Insectivora 
anatomy of, 275-276 
biology of, 275 
reproduction of, 280, 280t 
Insectivores, 275-281 
anatomy of, 275-276 
anesthesia and surgery of, 276-277 
antimicrobials used in, 279t 
biology of, 275 
diagnostics of, 277, 277t-278t 
diseases of, 278-280 
feeding of, 276 
housing requirements of, 276 
parasiticides used in, 279t 
physiology of, 276 
reproduction of, 280 
restraint and handling of, 276, 277t 
Interferon gamma release assays (IGRAs), 704, 
706t-707t, 708 
mitogens to be used as positive controls for, 
704t 
Internal parasites 
of nondomestic equids, 565t 
of Rhinoceridae, 543 
International Species Information System (ISIS), 
726-729, 728f 
in turaco species, 207t 
International Union for Conservation of Nature 
(IUCN), 155, 699 
Equid Specialist Group, 559 
Red List of Threatened Species, 517 
International Zoo Veterinarians Forum (IZVF), 
728 
Intestinal coccidiosis, 380 
Intestinal foreign bodies, in Pinnipedia, 
447 
Intestinal parasites, Mustelids and, 486 
Intracellulare complex, 134t-135t 
Intramuscular injection, of crocodilians, 46t 
Intrauterine devices (IUDs), 737 
Intravenous injection, of crocodilians, 46t 
Intravenous (IV) ketamine, 130 
Intubation 
of great apes, 343 
of rodents, 391 
Invertebrates, ultrasonography of, 721-722 
lonizing radiation, 662 
Tridovirus, in chelonians, 34t 


Iris fibrils, in Caprimulgiformes, 202f 
Tron 


absorption, 674-675 
transport, 674-675 


Iron overload, 674-681 


consequences of, 675 

dietary manipulation for, 679 
syndromes, in zoologic species, 675-678 
treatment of, 679 


Tron overload disorder. see Iron overload 
Iron storage disease, 228-230, 244. see also 


Iron overload 


Iron storage disorder (ISD), 545 
ISIS. see International Species Information 


System (ISIS) 


Isoflurane 


in anurans, 3t, 4f 

in chelonians, 29t 

in crocodilians, 48t 

in Equidae, 561 

in Falconiformes, 130 

in Florida manatee (Trichechus manatus 
latirostris), 454t 

in great apes, 342t 

in Hyrocoidea, 534, 534t 

in Lagomorpha, 377t 

in lizards, 54 

in Phoenicopteriformes, 107-108 
in rodents, 391 

in snakes, 62t 

in Tapiridae, 551 


Itraconazole 


IUCN Conservation Status, of selected species, 


in caecilians, 23 

in Caudata, 17 

in Passeriformes, 239t 
in penguins, 85t 

in rodents, 414t—415t 
in snakes, 71t 


570t 


Ivermectin 


in Anseriformes, 124t 

in Chiroptera, 287 

in Hyrocoidea, 537t 

in Mustelids, 487t 

in New World and Old World monkeys, 
311t-312t 

in Passeriformes, 239t 

in penguins, 85t 

in Proboscidea, 523t 

in rodents, 414t—415t 

in snakes, 72t 

in Xenarthra, 367t 


Ivory, 517 


IZVE see International Zoo Veterinarians Forum 


(IZVF) 


J 


Tamess/Puna flamingo. see Phoenicoparrus 


jamesi 


Janthinobacterium lividum, 17 
Japanese encephalitis virus JEV), 288 
Japanese serow, 646t 

Java sparrow, 238f 

Javan trogon, 218 

Javan warty pig, 569t 


EV. see Japanese encephalitis virus ÇEV) 
ohne’s disease, in deer, 617t-620t 
ugular venipuncture, 573 


Juvenile harbor seal, with typical shark bite 
trauma, 445f 


K 


Karenia brevis, 455 
Kemp’s ridley sea turtle, 30f 
Ketamine 
in birds, 77 
in Felidae, 470t 
in Hyrocoidea, 534t 
in insectivores, 277t 
in lizards, 54, 54t 
in rodents, 393t—394t 
in Ursidae, 500, 501t 
Ketamine-acepromazine, 534t 
Ketamine-diazepam 
in Hyrocoidea, 534t 
in Lagomorpha, 377t 
in Ursidae, 501t 
Ketamine hydrochloride 
in chelonians, 29t 
in great apes, 342t 
Ketamine-medetomidine 
in crocodilians, 48t 
in great apes, 342t 
in Hippopotamidae, 586t 
in Hyrocoidea, 534t 
in Ursidae, 501t 
Ketamine medetomidine midazolam, 501t 
Ketamine midazolam, 501t 
Ketamine-xylazine 
in crocodilians, 48t 
in great apes, 342t 
in Hyrocoidea, 534t 
in Ursidae, 501t 
Ketaset. see Tiletamine-zolazepam ketamine 
Ketoconazole 
in chelonians, 36t 
in rodents, 414t—415t 
Ketoprofen 
in crocodilians, 48t 
in elephants, 523t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in Lagomorpha, 377t 
in lizards, 54t 
in rodents, 393t—394t 
in Xenarthra, 367t 
Kick, in camelids, 594 
Kidney worm, diseases of Mustelids, 486t 
King cobras (Ophiophagus hannah), statistical 
analysis, 66t 
Kingfishers, 225-230, 226t-227t 
Kites. see Falconiformes 
Kittis hog-nosed bat, 282 
Kiwis, housing requirements for, 77 
Klebsiella pneumoniae, 113, 331 
Knemidocoptes mutans, 153 
Koala 
bone marrow aspiration in, 265 
capture and physical restraint of, 259 
chemical restraint agents, regimens, and 
doses used in, 260b 
conjunctival ablation in, 261 
dentition of, 256 
gastrointestinal system of, 256 
hospital and convalescent diets for, 
258b 
sensory systems of, 256 
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Koala (Continued) 

sick/injured, housing requirements for 
hospitalization of, 258b 

Komodo dragon, 53 

ultrasonography of, 718{-719f 

Kori bustards, 156 

Kurloff bodies, 396 

Kyasanur forest disease, 319t-329t 


L 


Lacaziosis, 431 
Lacertilia, 52—60 
Lactate dehydrogenase (LDH), 32 
Lagenorhynchus obliquidens (Pacific white-sided 
dolphin) 
biological information of, 423t 
reproductive characteristics of, 433t 
Lagomorpha 
anesthesia for, 377-378 
antibiotic-related toxicities in, 382 
biology of, 375 
feeding of, 375-376 
infectious diseases in, 378-380 
injection sites of, 377 
noninfectious diseases in, 381-383 
parasitic diseases in, 380-381 
physical restraint of, 377 
scientific and common names for, 376b 
selected techniques for, 377-378 
urogenital diseases in, 383 
venipuncture sites of, 377 
Lama glama, 593t 
Lama guanicoe, 593t 
Laminae, 518 
Laminitis, in nondomestic equids, 566t 
Laparoscopic cholecystectomies, in bears, 691, 
6911 
Laparoscopic vasectomy, 696f 
Laparoscopy, 689, 692f 
diagnostic, 694 
in nondomestic bovids, 635-636 
Laparoscopy-assisted cryptorchidectomy, 695f 
Laparotomy, in Marsupialia, 259 
Large tree shrew, 277t-278t 
Larosterna inca 
hematologic parameters of, 114t 
serum biochemistry parameters of, 114t 
Larval migrans, in rodents, 398t-413t 
Laryngeal airsacculitis, 344-351 
Laryngeal diverticula, 305 
Laryngeal mask airway (LMA), 378 
Laryngotracheitis, 149-150 
Laughing owl (Sceloglaux albifacies), extinctions 
of, 189 


Lead 
poisoning 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 95 
in Phoenicopteriformes, 110-111 
toxicities of Falconiformes, 139t 
treatment, for Falconiformes, 131t-133t 
Leaf-monkey, 302t-304t 
Leeches, in Anseriformes, 123t 
Leishmaniasis, cutaneous, 535-536 
Lemon shark, ultrasonography of, 7161—717f 
Lemur catta (ring-tailed lemur) 
single-handler manual restraint, 293f 
two-handler manual restraint, 293f 
Lemuriformes, 291 
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Leptospirosis 
in California sea lions, 446 
in Rhinoceridae, 543 
in rodents, 398t—413t 
Lesser flamingo. see Phoeniconaias minor 
Lesser Madagascar hedgehog tenrec, 
277t-278t 
Leucocytozoon toddi, 138t 
Leukoencephalomalacia, 545 
Leuprolide acetate, in bottlenose dolphins, 
434 
Levamisole 
in Anseriformes, 124t 
in chelonians, 37t 
in Mustelids, 487t 
in New World and Old World monkeys, 
311t-312t 
in snakes, 72t 
Levonorgestrel, 736t 
Libyostrongylus douglassii, 78-79 
Lice 
in New World camelids, 600t-601t 
in rodents, 398t—413t 
Lidocaine 
in anurans, 3t 
in chelonians, 29t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
Limey disease, 94 
Limpkins. see Gruiformes 
Lincoln Park Zoo Davee Center for 
Epidemiology and Endocrinology, 701 
Linear scaling, 522 
Lion marmoset, 302t—304t 
Lion tamarin, 302t—304t 
Listeria, 319t—329t 
Listeriosis 
in prosimians, 296t-297t 
in rodents, 398t—413t 
in Ursidae, 504t 
Little brown bat, 285f-286f 
Liver 
iron handling of, 674-675 
iron levels, conversion factors for, 675b 
Liver fluke, in deer, 622t 
Liver iron concentration (LIC), 675 
Lizards 
analgesia for, 54-55, 54t 
anatomy of, 52-53 
anesthesia for, 54-55, 54t 
antimicrobial agents for, 58t 
biology and taxonomy of, 52 
diagnostics for, 55 
diseases of 
infectious, 57-59 
noninfectious, 56-57 
feeding of, 54 
housing requirements for, 53 
imaging of, 55 
laboratory sample collection, 55 
obesity in, 54 
parasiticides for, 58t 
physical restraint and handling of, 53-54 
physiology of, 52-53 
preventive medicine for, 59 
surgery for, 55-56 
Llama, 593t, 601t 
Lobomycosis. see Lacaziosis 
Local anesthetics, in rodents, 393t-394t 


Long-acting neuroleptics (LANs), 541 
Long-beaked echidna, unique anatomy and 
special physiology of, 247 
Long-eared owl (Asio otus), right ear opening 
of, 191f 
Long-nosed monkey, 302t-304t 
Lontra canadensis, 478t—479t 
Loons. see Gaviiformes 
Lorikeet aviary, interactive, 734 
Lorisiform prosimians, 291 
Lotagen, 3 
Low basal metabolic rate, in Caprimulgiformes, 
199 
Low-pass filter, in computed tomography, 662 
Low pathogenic avian influenza (LPAI), in 
Anseriformes, 122 
Lowland paca 
biologic information of, 387t 
reproductive parameters of, 420t 
Lowland tapir, 547 
corneal cloudiness in, 549f 
vesicular dermatopathy in, 550f 
Lumpy jaw, in deer, 617t-620t 
Lungworms 
in Caprinae species, 648 
in deer, 622t 
in Mustelids, 486t 
Lupron Depot (leuprolide acetate), 506-507 
Lutra lutra, 478t—479t 
Lybiidae, reproductive characteristics of, 
235t 
Lymphocytic choriomeningitis, in rodents, 
398t—413t 
Lyophilization of ketamine, 500 
Lysosomal storage disease, of hummingbirds, 
212 
Lyssaviruses, in bats, 287 


M 


Macacine herpesvirus, 319t-329t 
Macaque monkey, 302t-304t 
Macronectes giganteus, 93 
Macropodidae, reproductive system of, 256 
Macropods 
capture and physical restraint of, 259 
cataract surgery in, 261 
chemical restraint agents, regimens, and 
doses used in, 260b 
dentition of, 256 
feeding, 257 
hematology reference ranges for, 262t 
hospital and convalescent diets for, 258b 
musculoskeletal system of, 255 
sensory systems of, 256 
serum biochemistry reference ranges for, 
263t-264t 
sick/injured, housing requirements for 
hospitalization of, 258b 
skin of, 256 
urinary system of, 257 
urogenital tract of, female, 257f 
Macrorhabdus ornithogaster, 243 
Macroscelidea 
anatomy of, 276 
biology of, 275 
reproduction of, 280 
Macroscelides proboscideus, 280t 
Macroscelididae, 275 
MagNet, net gun, 731f 


Magnetic resonance imaging (MRI), 33, 662 
equipment and procedure of, 662 
image acquisition and formation of, 662 
image manipulation of, 662 
indication of, 664-665, 665t 
for lizards, 55 
physics of, 662 
safety of, 662-664, 664b 

Magneto-hydrodynamic effect, 663 

Magnetophosphenes, 663-664 

Makhnas, 517-518 

Malaria 
in New World and Old World monkeys, 

313t-318t 
in penguins, 86 
in prosimians, 296t—297t 

Malassezia sp., 134t-135t 

Male castration, 737 

Male methods, of contraception, 737-738 
effects on behavior, 738 
modes of delivery, 738 
permanent sterilization for, 737-738 
reversible contraception for, 738 

Malenge babirusa, 569t 

Malignant catarrhal fever (MCF) 

in Bovidae and Antilocapridae, 640-641 

in Caprinae species, 647, 648t 

in deer, 617t—620t 

alnutrition, in Pinnipedia, 447 

alocclusion 

in Lagomorpha, 382, 382f 

in rodents, 416-417 

ammals 

iron overload syndromes in, 676-678 

ultrasonography of, 719-721 

ammography radiography, in hummingbirds, 
211 

anatee, 450 

andrill monkey, 302t-304t 

ange mites, 600t-601t 

Manis pentadactyla pentadactyla, 373t 

arbofloxacin, 121t 

arine mammals, 721 

iron overload syndromes in, 678 

arkhor, 646t 

arsupialia, 255-274 

anatomy and physiology of, 255-257 
in dentition, 255-256 
in gastrointestinal system, 256 
in immune system, 256 
in metabolism and thermoregulation, 257 
miscellaneous, 257 
in musculoskeletal system, 255 
in reproductive system, 256 
in sensory system, 256 
in skin, 256 
in urinary system, 257 

bacteria in, 267b-268b 

contraceptive methods including effects on 

behavior in, 272t 

diseases of 
infectious, 265, 266b-269b 
noninfectious, 265, 270b-271b 
parasitic, 265, 269b—270b 

feeding, 257-259 

fungi in, 268b-269b 

general biology of, 255 

hematology reference ranges for, 263t 

hospital and convalescent diets for, 258b 


Marsupialia (Continued) 
housing requirements of, 257, 258b 
milk of, 257-259 
formulas of, 259 
physical examination and diagnostics of, 
261-265 
preventive medicine for, 273 
protozoa in, 269b-270b 
reproduction of, 265-273 
reproductive management, 272-273 
restraint and handling of, 259 
capture and physical restraint in, 259 
chemical restraint in, 259, 260b 
serum biochemistry reference ranges for, 
2646 
surgery for, 259-261 
laparotomy, 259 
miscellaneous procedures in, 261 
orthopedics in, 261 
surgical sterilization, 259-261 
syndromes of uncertain etiology of, 
271b-272b 
therapeutics of, 261 
toxicities on, 265 
viruses in, 266b 
Marsupials. see Marsupialia 
Martes americana, 478t—479t 
Martes foina, 478t-479t 
Martes martes, 478t—479t 
asked lapwing. see Vanellus miles 
assasauga rattlesnakes (Sistrurus catenatus 
catenatus), hematologic and plasma 
biochemical values, 69t 
auritius owl (Mascarenotus sauzieri), 
extinctions of, 189 
CE see Malignant catarrhal fever (MCF) 
easles 
in great apes, 348t—349t 
in New World and Old World monkeys, 
319t—329t 
Mebendazole 
in Mustelids, 487t 
in New World and Old World monkeys, 
311t-312t 
Mechanical restraints, squeeze chutes, 631 
MedARKS, 726-729 
Medetomidine 
in anurans, 3t 
in Bovidae and Antilocapridae, 632 
in chelonians, 29t 
in Felidae, 470t 
in Hyrocoidea, 534t 
in insectivores, 277t 
in lizards, 54t 
in Proboscidea, 521t 
in rodents, 393t-394t 
in Ursidae, 500 
edetomidine/ketamine 
in Camelidae, 595t 
in Giraffidae, 605t 


390 

edical information, global sharing of, by 
zoologic institutions, 726-729 

edical records, 685, 729, 741 


endangered, 436 
edroxyprogesterone acetate, 736t 
injections, 557 


edetomidine-midazolam-fentanyl, for rodents, 


editerranean monk seal (Monachus monachus), 


Mefloquine, 311t-312t 
Megachiroptera, management of, 282-283 
Megalaimidae, reproductive characteristics of, 
235t 
Megestrol acetate, 736t 
Melengestrol acetate (MGA), 590, 735, 736t 
Meles meles, 478t—479t 
Mellivora capensis, 478t-479t 
Meloidosis, in great apes, 350t 
Meloxicam 
in anurans, 3t 
in Caprimulgiformes, 201 
in chelonians, 29t 
in crocodilians, 48t 
in Lagomorpha, 377t 
in lizards, 54t 
in rodents, 393t—394t 
in Xenarthra, 367t 
Meltzer knot, 689, 6901-691f 
Meningeal worm 
infestation in Bovidae and Antilocapridae, 
641 
in New World camelids, 600t-601t 
Meningoencephalitis 
in deer, 617t—620t 
in prosimians, 296t-297t 
Meperidine 
in crocodilians, 48t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in rodents, 393t—394t 
Mephitis mephitis, 478t-479t 
Mercury toxicity 
of Falconiformes, 139t 
of Gaviiformes, Podicipediformes, and 
Procellariformes, 94-95 
Merops nubicus, 228 
Merycism, 256 
Mesenteric lymph node biopsy, 694 
Mesostephanus appendiculatoides, 99t 
Metabolic acidosis, in sick neonatal ruminant, 
643t 
Metabolic bone disease 
in Charadriiformes, 115 
in chelonians, 35t 
in Falconiformes, 129 
Metabolic diseases 
in Chiroptera, 286-287 
in Mustelids, 486-487 
Metabolic scaling technique, 522 
Metal squeeze chute, for suids and peccaries, 
571f 
apatagium, 651f 
Metapneumovirus, in great apes, 348t—549t 
azoal diseases, in Pinnipedia, 447 
Metazoan parasites, in lizards, 59 
Methicillin-resistant Staphylococcus aureus, in 
hand-reared elephant calf, 734 
Metronidazole 
in chelonians, 36t—37t 
in Hyrocoidea, 536t 
in insectivores, 279t 
in Mustelids, 487t 
in New World and Old World monkeys, 
311t—312t 
in Passeriformes, 239t 
in Proboscidea, 523t 
in rodents, 414t—415t 
in snakes, 72t 
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etronidazole benzoate, 311t-312t 
exican beaded lizard 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
iasis, 183t 
icrochiroptera species, 282 
management of, 283-284 
icrohematocrit centrifugation, 31 
icrosporidia, 319t-329t 
Microsporidium infections, 59 
Microtetrameres, 228 
idazolam 
in crocodilians, 48t 
in Felidae, 470t 
in Florida manatee (Trichechus manatus 
atirostris), 454t 
in great apes, 342t 
in Hippopotamidae, 586t 
in Hyrocoidea, 534t 
in insectivores, 277t 
in Lagomorpha, 377t 
in lizards, 54t 
in rodents, 390, 393t-394t 
in snakes, 62t 
Midazolam HCl, 595t 
Migratory Bird Treaty Act (MBTA), 685 
Minimal access surgery. see Minimally invasive 
surgery (MIS) 
Minimally invasive surgery (MIS), 688-698, 
692f 
beneftts and disadvantages of, 693b 
current knowledge on, 691-692 
specific risks of, 692-694 
in wildlife 
clinical application of, 694-696 
potential advantages of, 692 
Mink 
biochemical parameters for, 483t 
hematologic parameters of, 483t 
nutrient requirements and ranges for, 481t 
Minor Use and Minor Special Animal Health 
Act (MUMS), 686 
Mirounga leonina (male Southern elephant seal), 
largest pinniped, 436 
ites, in rodents, 398t—413t 
oda musth, 529 
olar formula, 518 
olineiasis, 313t-318t 
Momotus momota, 228 
onanemosis, in rodents, 398t—413t 
onkeypox, 319t-329t, 670-672 
onkeys 
anesthesia of, 306-307 
behavioral training of, 334 
diagnostics of, 307 
diet of, 305-306 
diseases of, 307-331 
housing requirements of, 305 
New World and Old World, 301-335 
biologic information for, 302t-304t 
hematological reference intervals for, 308t 
infectious diseases of, 319t-329t 
parasitic diseases of, 313t-318t 
parasiticides recommended for, 311t-312t 
reproductive characteristics of, 332t-333t 
serum biochemical reference intervals for, 
309t—310t 
nutrition of, 305-306 
preventive medicine of, 331-334 
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Monkeys (Continued) 
reproduction of, 331 
restraint/handling of, 306 
surgery of, 306-307 
therapeutics of, 307 
transport of, 334 
unique anatomy of, 305 
vaccination of, 334 
Monogamous, owls and, 197 
Mononegavirus, in Anseriformes, 120t-121t 
Monopolar surgery, 693-694 
Monosodium urate stones, 668 
Monotremata, 247-255 
biology of, 247 
cloaca of, 251 
diagnostics of, 251 
blood collection, 251 
diseases of, 251 
feeding of, 248-250 
captive, 248 
free-ranging, 248 
handling of, 250-251 
hematologic and biochemical values for, 252t 
milk composition, 250t 
push rods of, 247 
reproduction of, 251-255 
restraint of, 250-251 
chemical, 250-251 
physical, 250 
special housing requirements of, 248 
taxonomy of, 247 
unique anatomy and special physiology of, 
247 
Monotreme. see Monotremata 
Morphine 
in chelonians, 29t 
in crocodilians, 48t 
in lizards, 54t, 55 
in rodents, 393t—394t 
Morus bassanus, 97t 
Moschidae, 611-625 
anatomy of, 611 
biochemical parameters of, 616t 
biologic information and conservation status 
of, 612t 
diagnostics of, 615 
differential diagnosis of, 621-623 
disease of, 615-621 
infectious, 617t-620t 
noninfectious, 621 
parasitic, 621, 622t 
feeding of, 612-613 
general biology of, 611 
hematologic parameters of, 615t-616t 
housing requirements of, 611-612 
physical examination of, 615 
preventive medicine of, 623 
reproduction of, 623-624, 623t 
restraint/handling of, 613-615, 614t 
behavioral, 613 
physical, 613 
surgery of, 615 
treatment of, 623 
Motmots, 225-230, 226t—227t 
Motty, 517 
Mountain tapir, 547, 550f 
Mouse 
biochemical parameters of, 397t 
biologic information of, 386t 


Mouse (Continued) 
hematologic parameters of, 395t 
hepatitis, 398t—413t 
reproductive parameters of, 419t 
Mousebird, 214 
Moxidectin, 311t-312t 
Multi-Antigen Print Immunoassay (MAPIA), 
526-527 
Multidrug resistant Staphylococcus aureus 
(MRSA), 527 
Multimodal analgesia, for Ciconiiformes, 101 
Mungos mungo, biologic data for, 492t 
Murine respiratory mycoplasmosis, in rodents, 
398t-413t 
Murine typhus, in rodents, 398t—413t 
Musculoskeletal anatomy, in falconiformes, 
128 
Musculoskeletal disorders, of great apes, 353 
Musculoskeletal system, of Caprimulgiformes, 
199 
Musk deer, 611 
Muskox, 646 
Muskrat 
biologic information of, 387t 
reproductive parameters of, 420t 
Musophaga rossae 
hematology and plasma biochemistry values 
of, 207t 
neonatology of, 208 
Musophagidae, 206 
Musophagiformes, 206-209 
deaths at Houston zoo of, 208t 
diagnostics of, 206 
diet of, 206 
diseases of, 207-208 
ecology of, 206 
general biology of, 206 
hematology and plasma biochemistry values 
of, 207t 
housing of, 206 
neonatology of, 208-209 
physical examination of, 206 
quarantine of, 207 
reproduction of, 208 
restraint/handling of, 206 
shipment of, 207 
therapy of, 206 
Mustela erminea, 478t—479t 
Mustela lutreola, 478t-479t 
Mustela nigripes, 478t-479t 
l 
l 


Mustela nivalis, 478t-479t 
Mustela putorius, 478t-479t 
Mustela vison, 478t-479t 
Mustelidae, 476-491 
anatomy of, 477 
aquatic adaptations of, 477 
classification of, 476-477 
diagnostics for, 481-482 
diseases of, 482-487 
infectious, 484t—485t 
miscellaneous, 487 
noninfectious, 486-487, 488t 
parasitic, 482-486, 486t 
drugs for immobilization of, 482t 
environments for, 477-480 
feeding and nutrition of, 480 
habitat design and containment of, 480 
parasiticides for, 487t 
preventive medicine of, 490 


Mustelidae (Continued) 
reproduction of, 487-490 
characteristics of, 489t 
contraception, 490 
restraint and handling of, 480-481 
chemical restraint for, 480-481 
species of, 478t-479t 
stress and, 480 
Musth, 529 
Musth rumbles, 529 
Myasis, in rodents, 398t-413t 
Mycobacteriosis 
in Columbiformes, 169t-170t 
in New World and Old World monkeys, 
319t-329t 
in nondomestic equids, 564t-565t 
in Psittaciformes, 176t-178t 
in ratites, 78 
in rodents, 398t-413 
in Tapiridae, 553-554 
in Trogoniformes, 222 
Mycobacterium avium, 113, 134t-135t 
Mycobacterium genavense, 134t-135t 
Mycobacterium tuberculosis, 526 
Mycobacterium tuberculosis complex (MTBC), 
535 
Mycoplasma gallisepticum, 242 
Mycoplasma spp. 
in Falconiformes, 134t-135t 
in sea lions, 447 
in snakes, 64—69 
Mycoplasmosis, in South American camels, 
598 
Mycoses, in tuatara, 51 
Mycotic diseases 
in great apes, 351, 351t 
in Gruiformes, 158-159 
in Lagomorpha, 380 
Myomorpha, 385b 
Myopathy, 601t 
Myotis lucifugus, 285{-286f 
Myrmecophaga 
physical restraint for, 358 
reproduction of, 368 
Myrmecophaga tridactyla, 357t 
chemical restraint agents for, 358t-359t 
yxomatosis, 379 


N 


agana, 600t 

aked vestigial uropygial gland, in 
Caprimulgiformes, 199 

albuphine hydrochloride, rodents and, 
393t-394t 

aloxone, in rodents, 393t-394t 

altrexone 

in crocodilians, 48t 

in Florida manatee (Trichechus manatus 

latirostris), 454t 
Nandinia binotata, neoplasms identified in, 
496t 

Nasal acariasis, 313t-318t 

Nasal bot 
in Camelidae, 600t 
in deer, 622t 

Nasua narica, neoplasms identified in, 496t 

Nasua nasua 

biologic data for, 492t 

neoplasms identified in, 496t 


ational Oceanic and Atmospheric 
Administration (NOAA), 685 
ational Research Council (NRC), 117, 306 
ational Veterinary Accreditation Program 
(NVAP), 683 
atural orifice transluminal endoscopic surgery 
(NOTES), 690 
earctic river otter 
biochemical parameters for, 483t 
hematologic parameters of, 483t 
ebulization drug, for Falconiformes, 
131t-133t 
Necator americanus, in great apes, 352t 
ecatoriasis, 313t—318t 
ecrobacillosis, in deer, 617t-620t 
ecrotic enteritis, in Galliformes, 151 
ecrotizing enteritis, 573 
ematodes, in chelonians, 36t 
ematodiasis 
in Anseriformes, 123t 
in deer, 622t 
in Lagomorpha, 380 
Neonatal enteritis, in deer, 617t—620t 
Neonatology, of Musophagiformes, 208-209 
Neoplasia 
in Chiroptera, 285-286 
in Ciconiiformes, 103 
in Giraffidae, 608 
in lizards, 57 
in Mustelids, 487 
in Pinnipedia, 448 
in rodents, 418 
in swine, 581 
Neoplasms, in Falconiformes, 138 
Neoplastic diseases 
in great apes, 353 
in trogonids, 222 
Neorickettsia helminthoeca, 463 
eostigmine, for crocodilians, 48t 
ephritis, in tawny frogmouths, 204 
et guns, 730-731 
et launchers, 731f 
eural larval migrans, 380 
eurolepsis, 571 
euroleptic drugs, 631 
in deer, 615 
doses of, in adult Bovidae, 632t 
ew World camelids (NWCs). see also 
Camelidae 
biologic information of, 593t 
dental formula for, 592 
ew World monkeys, 214-217 
ew World porcupine 
biologic information of, 387t 
reproductive parameters of, 420t 
ew World vultures. see Falconiformes 
ewcastle disease 
in Falconiformes, 134t-135t 
in Psittaciformes, 179t-180t 
iacin (Bs) deficiency, in Anseriformes, 118t 
iclosamide, 311t-312t, 373 
ight monkey, 302t—304t 
ightjars. see Caprimulgiformes (nightjars and 
allies) 
ile crocodiles 
environmental temperatures for, 40-41 
equipment for anesthesia of, 45f 
gular fold or valve of, 39f 
Nipah virus, 288 


Nitazoxanide, for snakes, 72t 
Nitrous oxide, for snakes, 62t 
NOAA. see National Oceanic and Atmospheric 
Administration (NOAA) 
Nocardia 
in New World and Old World monkeys, 
319t-329t 
in odontocetes, 431 
Nociception, in birds, 201 
Nodular verminous pneumonia, in deer, 
622t 
Noncore vaccines, for Felidae, 475 
Nondomestic bovids, differential diagnoses for, 
640t 
Nondomestic canids, suggested vaccine 
protocols for, 465t 
Nondomestic equids 
biological information of, 560t 
infectious diseases in, 564t-565t 
Nonhuman primates (NHPs) 
iron overload syndromes in, 678 
tuberculosis diagnostics in, 707-708 
Noninfectious diseases 
in Apodiformes and Coliiformes, 216 
in Camelidae, 598 
in Canidae, 464 
in Caprimulgiformes, 204 
in Caprinae species, 649 
in Cetacea, 430t, 432 
in Charadriiformes, 115 
in Ciconiiformes, 101-103 
in Columbiformes, 168 
in Cuculiformes, 187-188 
in deer, 621 
in Equidae, 565, 566t 
in Falconiformes, 138-141 
in felids, 471 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Giraffidae, 607-608 
in Gruiformes, 160-162 
in hippopotamus, 589, 589f 
in hummingbirds, 212 
in hyraxes, 5360-537 
in insectivores, 279-280 
in Mustelids, 486-487, 488t 
in New World camelids, 601t 
in owls, 191-195 
in Pelecaniformes, 99 
in Phoenicopteriformes, 110 
in Pinnipedia, 447-448 
in Psittaciformes, 175 
in rodents, 416-418 
in trogonids, 222 
in Ursidae, 505-506 
Nonionizing radiation, 662 
Nonsteroidal anti-inflammatory drugs 
(NSAIDs) 
oral, 551-553 
in rodents, 393t—394t 
in Sirenia, 451 
in Ursidae, 506 
North Pacific giant octopus, ultrasonography 
of, 720-721 
North Sulawesi babirusa, 569t 
Northern elephant seal pup 
dorsoventral projection digital radiographs 
of, 438f 
restrained, 437f 
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Northern spotted owl (Strix occidentalis 
caurina), habitat destruction and, 189 
Novel o-herpesvirus, 535, 536f 
Novel herpesvirus, 93 
Nutrition 
of Bovidae and Antilocapridae, 628-630 
of crocodilians, 42-43 
of Galliformes, 144-145 
of Mustelidae, 480 
of Pholidota, 371 
Nutritional diseases 
in Anseriformes, 118t 
in Caudata, 18 
in chelonians, 35t 
in Ciconiiformes, 101-103 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in rodents, 418 
Nutritional disorders 
in Falconiformes, 129 
in Psittaciformes, 175 
in Trochiliformes, 212 
in trogonids, 222 
Nutritional secondary hyperparathyroidism 
(NSHP), in snakes, 72-73 
NVAP. see National Veterinary Accreditation 
Program (NVAP) 
Nystatin, 239t 


o 


Obenids, unique anatomy of, 438 
Obesity 

in lizards, 54, 56 

in nondomestic equids, 560 

in rodents, 418 
Obligate diapause, 499 
Ochotona princeps, 377£ 
Ocular disease, of Pinnipedia, 439 
Ocular disorders, in falconiformes, 140 
Ocular trauma, in Caprimulgiformes, 202f 
Odobenidae (walrus), 436 
Odontoma, in rodents, 416-417 
Oesophagostomiasis, 313t-318t 
Oesophagostomum, in great apes, 352t 
Oilbird, asymmetrical bronchial syrinx of, 199, 

2011 
Okapi. see Giraffidae 
Old World camels (OWCs), 592, 593t 
Old World monkeys, 214-217 
Old World vultures. see Falconiformes 
Olingo gabbii, biologic data for, 4921 
Olive colobus, 302t—304t 
Oliver warty pig, 569t 
Omsk hemorrhagic fever, in rodents, 398t—413t 
One Health, conservation medicine and, 
699-701, 700b, 700f 

One Medicine, 699 
Open access, 693 
Operative laparoscopy, 694, 695f 
Ophidascaris robertsi, 265 
Ophidia. see Snakes 
Ophidiomyces ophiodiicola, in snakes, 69 
Ophionyssus natricis, 72 
Opioid agents, for nondomestic bovid species, 
632 
Opioid narcotics, for Equidae, 561 
Opioids 

in rodents, 393t—394t 

use of, in crocodilians, 48 
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Opossums 
capture and physical restraint of, 259 
chemical restraint agents, regimens, and 
doses used in, 260b 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
Optical access, 693 
Oral copper oxide wire particles (COWP), 
641 
Oral valium, 451-452 
Orangutans, 336 
husbandry recommendations for, 338t 
laryngeal sacs in, 336 
reproductive parameters for, 340t 
Orchiectomy, of Marsupialia, 261 
Orcinus orca (Killer whale) 
biological information of, 423t 
hematologic parameters of, 427t 
reproductive characteristics of, 433t 
serum biochemical parameters for, 428t 
Organophosphates, toxicities of Falconiformes, 
139t 
Oriental white-eye, 238f 
Ornithonyssus sylvarium, 152 
Ornithorhynchidae, 247 
Ornithosis, 169t-170t, 176t-178t 
Orthopedics, in Marsupialia, 261 
Oryctolagus cuniculus, 375 
Osmoregulation, in hummingbirds, 210-211 
Ospreys. see Falconiformes; Pandion haliaetus 
Osteoarthritis 
in elephants, 528 
in Procyonids, 496 
Osteoderms, 40, 41f 
Osteodystrophy, in pelicans, 99 
Ostertagia species, 648t 
Otariidae (sea lions and fur seals), 436 
Otariids 
chemical restraint protocols for, 442t 
tuberculosis and, 446 
unique anatomy of, 437-438 
Otitis externa, 380f 
Otters 
anatomy of, 477 
environments for, 480 
nutrient requirements and ranges for, 
481t 
Ovariectomy 
in lizards, 55-56 
surgical sterilization, for Marsupialia, 
259-261 
Ovariohysterectomy 
surgical sterilization, for Marsupialia, 
259-261 
Ovariosalpingectomy 
in lizards, 55-56 
Owl monkey, 302t-304t 
Owl monkey fungus, 319t-329t 
Owls. see Strigiformes 
Oxymorphone 
in Lagomorpha, 377t 
in rodents, 393t—394t 
Oxyspirura mansoni, 152 
Oxytetracycline 
in Anseriformes, 121t 
in chelonians, 36t 
in Hyrocoidea, 536t 
in insectivores, 279t 


Oxytetracycline (Continued) 

in Proboscidea, 523t 

in rodents, 414t—415t 
Oxyuriasis (pinworms), 313t-318t 


P 


Pacarana 

biologic information of, 387t 

reproductive parameters of, 420t 
Padda oryzivora, 238f 
Paedophryne amauensis, 1 
Paguma larvata, neoplasms identified in, 496t 
Pain Management in Ruminants, 725 
Palawan pig, 569t 
Panacur. see Fenbendazole 
Pancake tortoise, ultrasonography of, 715 
Pancreatic flukes, 464 
Pandion haliaetus, 128 
Pangolins. see Pholidota 
PanOptic ophthalmoscope, in owls, 191 
Papiine Herpesvirus 2, 319t-329t 
Papilloma virus, in great apes, 348t-349t 
Papillomas, 319t-329t 
Papillomatosis, 599t 
Papillomaviruses, in snakes, 70 
Papovavirosis, in hamsters, 398t—413t 
Parabuteo unicinctus, 128 
Paracetamol, in rodents, 393t—394t 
Paradeletrocephalus minor, 78-79 
Paradoxurus hermaphrodites 

biologic data for, 492t 

neoplasms identifted in, 496t 
Parainfluenza 

in great apes, 348t—349t 

virus, in New World and Old World 

monkeys, 319t-329t 

Paralytics, for crocodilians, 48t 
Paramyxovirus saguinus, 319t-329t 
Paramyxoviruses 

in Columbiformes, 169t-170t 

in snakes, 70 

type 1, in Charadriiformes, 115 
Parapoxvirus disease, of red squirrels, 398t—413t 
Parasites 

in Pholidota, 373 

in Procyonids, 495 

in tuatara, 51 
Parasitic disease 

in camels, 598, 600t 

in Cetacea, 429t—430t, 431—432 

in crocodilians, 43t—44t 

in Cuculiformes, 187 

in hippopotamus, 589 

in New World camelids, 600t—601t 

in Pelecaniformes, 97-99 

in Proboscidea, 528 

in ratites, 78-79 
Parasitic diseases 

in Anseriformes, 124 

in anurans, 5-8, 12t 

in Apodiformes and Coliiformes, 216 

in Bovidae and Antilocapridae, 641 

in Caprimulgiformes, 202-204 

in Caprinae species, 648-649, 648t 

in Caudata, 17-18 

in Charadriiformes, 115 

in chelonians, 36t 

in Ciconiiformes, 101 

in Columbiformes, 167-168, 169t-170t 


Parasitic diseases (Continued) 
in deer, 621, 622t 
in Equidae, 562-565, 565t 
in Falconiformes, 136 
in Galliformes, 150t, 151-153 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Giraffidae, 607 
in great apes, 351, 352t 
in Gruiformes, 159-160 
in hummingbirds, 211-212 
in hyraxes, 535-536 
in insectivores, 278 
in Lagomorpha, 380-381 
in lizards, 58-59 
in Mustelids, 482-486, 486t 
in Passeriformes, 243-244 
in penguins, 86 
in Pholidota, 373 
in Pinnipedia, 446-447 
in Psittaciformes, 183t 
in rodents, 398t—413t, 414 
in snakes, 70-72 
in swine and peccaries, 578t-580t 
in trogonids, 219, 221t-222t 
in Ursidae, 504t, 505 
Parasitic infections 
of Chiroptera, 284-285 
of prosimians, 298 
Parasitic zoonoses, in rodents, 398t—413t 
Parasiticides 
for Anseriformes, 124t 
for chelonians, 37t 
for lizards, 58t 
for snakes, 72t 
Parasitology, clinical pathology, of Marsupialia, 
262 
Paratyphoid Salmonella infections, in 
Galliformes, 151 
Parelaphostrongylus odocoilei, 649 
Parelaphostrongylus tenuis, 641 
Parenteral anesthesia 
for insectivores, 276-277 
for rodents, 390 
Paromomycin 
in chelonians, 37t 
in New World and Old World monkeys, 
311t-312t 
in snakes, 72t 
Parrot fever, 176t—178t 
Parrots, characteristic of, 172 
Parvovirus infections, in raccoons, 495 
Passalurus ambiguous, 380 
Passeriformes, 236-246 
anatomy of, 237 
anesthesia/surgery for, 238 
antimicrobial drugs for, 239t 
antiparasitic drugs for, 239t 
biology of, 236-237 
feeding of, 237 
housing requirements for, 237 
infectious diseases in, 242-243 
noninfectious disease in, 244 
pharmaceuticals for, 238 
physical examination/diagnostics for, 
238-239 
preventive medicine for, 245 
reproduction of, 245 
restraint/handling of, 237, 238f 


Passerines. see Passeriformes 
Pasteurella multocida 
in Anseriformes, 120t—121t 
in Falconiformes, 134t-135t 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Lagomorpha, 378 
in Proboscidea, 527 
Pasteurellosis 
in deer, 617t—620t 
in Proboscidea, 527 
in Psittaciformes, 176t—178t 
in rodents, 398t—413t 
Patagiectomy, 656 
Patagonian cavies, diets of, 388 
Patagonian hare 
biologic information of, 387t 
reproductive parameters of, 420t 
Patas monkey, 302t—304t 
Peccaries. see Tayassuidae (Peccaries) 
Peg teeth, 375 
Pelage, in spotted hyenas, 509, 510f 
Pelecaniformes, 96-99 
anatomy of, 96 
biology of, 96, 97t 
common parasites of, 99t 
diagnostics of, 97 
diseases of, 97—99 
feeding of, 96 
reproduction of, 99 
reproductive characteristics of, 99t 
restraint and handling of, 96-97 
special housing requirements of, 96 
surgery and anesthesia of, 97 
toxicities in, 99 
Pelecanoidea, 89 
Pelecanoididae, 90t 
Pelecanus erythrorhynchos. see American white 
pelican (Pelecanus erythrorhynchos) 
Pelecanus occidentalis. see Brown pelican 
(Pelecanus occidentalis) 
Pelecanus rufescens (pink-backed pelican). see 
Pink-backed pelican (Pelecanus rufescens) 
Pelecitus, 380 
Pelicans. see Pelecaniformes 
Penguins. see Sphenisciformes (penguins) 
Penicillin G, in insectivores, 279t 
Penicillin G benzathine, 536t 
Penicillin G benzatinic, for Xenarthra, 
366t-367t 
Penicillin G procaine 
in Hyrocoidea, 536t 
in Xenarthra, 366t—367t 
Perch and pounce, 218-219 
Perching birds. see Passeriformes 
Percutaneous surgical interventions, 690 
Periarterial vascular rate (PAVR), routine 
phlebotomy from, in Atlantic bottlenose 
dolphin, 426f 
Periarticular hyperostosis, 299t 
Periodic acid-Schiff stain, 286f 
Peripheral blood mononuclear cells (PBMCs), 
704 
Peripheral nerve stimulation (PNS), 663-664 
Perissodactyls, iron overload syndromes in, 
677 
Permethrin 
for chelonians, 37t 
in rodents, 414t—415t 


Perosis, in Anseriformes, 118t 
Perphenazine, for Equidae, 560-561 
Petrels. see Procellaridae; Procellariformes 
Petroleum pollution, diseases of Mustelids, 
488t 
Phaethon rubricauda, 97t 
Phagicola longa, 99t 
Phalacrocorax auritus, 99 
Pharmacy, on-site, 740-741 
Pharomachrus antisanus, 219t-220t 
Pharomachrus auriceps, 218-219, 219t-220t, 
223t 
Pharomachrus mocinno, 218 
Phenylbutazone, 523t 
Philippine warty pig, 569t 
Phlebotomy 
for Coraciiformes, 228 
for hummingbirds, 211 
for iron overload, 679 
Phocidae (true seals), 436 
Phocids 
chemical restraint protocols for, 442t 
thermal insulation in, 437 
unique anatomy of, 437 
Phocine distemper virus (PDV), 446 
Phocine herpesviruses, 446 
Phoebastria immutabilis, 93 
Phoeniconaias minor, 106f, 106t 
Phoenicoparrus andinus, 106f, 106t 
Phoenicoparrus jamesi, 106f, 106t 
Phoenicopteriformes, 105-112 
anatomy and physiology of, 105 
anesthesia and surgery of, 107—108 
biology of, 105, 106 
classification of foot lesions in, 108f 
diseases of, 110-111 
eeding of, 107, 107 
or hematologic parameters in, 108t 
housing requirements of, 105, 107f 
intensive care and, 109-110, 109f 
physical examination of, 108-109 
or plasma biochemical parameters in, 109t 
or plasma vitamin and mineral levels, 109t 
reproduction of, 105-107 
restraint and handling of, 107, 108f 
herapeutics and, 109-110 
oxicities in, 110-111 
ransport of, 111 
Phoenicopterus chilensis, 106f, 106t 
Phoenicopterus ruber roseus, 106f, 106t 
Phoenicopterus ruber ruber, 106f 
Pholidota 
anatomy of, 370-371, 370f 
basic data for eight species of, 370t 
behavior of, 371 
biologic data of, 370-371 
diseases of, 372-374 
eeding of, 371 
housing for, 371 
husbandry of, 371 
introduction and identification of, 369 
nutrition of, 371 
physiologic data of, 372 
reproduction of, 374, 374t 
restraint of, 371-372 
ongue of, 370f 
young, 374f 
Photoperiods, changes in, 487 
Phyllomedusa bicolor, filarial nematodes in, 5f 
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Physalopteriasis, 313t-318t 
Physical restraint devices, 730-731 
Piagetiella sp., 99t 
Pica, in rodents, 391 
Picidae, reproductive characteristics of, 235t 
Piciformes 
anatomy of, 231, 231f-232f 
anesthesia for, 232 
artificial incubation for, 234-235 
biology of, 230-231 
diagnostics of, 232 
diseases of, 232-234 
feeding of, 232 
hematology values in, 233t 
housing requirements for, 231-232 
reproduction of, 234-235, 235t 
restraint for, 232 
serum biochemical values in, 233t 
surgery in, 232 
Picture elements. see Pixels 
Pig-tailed snub-nose langur, 302t-304t 
Pigeon. see Columbiformes 
Pigeonpox, 166-167, 169t-170t 
Pigs, 570 
laryngeal anatomy of, 572f 
reproductive parameters in, 583t 
species of, 569t 
Pikas, 375-384 
Pilot whale morbillivirus. see Dolphin 
morbillivirus 
“Pinching off” syndrome, 127-128 
Pine marten, biochemical parameters for, 483t 
Pinioning, 654-656 
of adult birds, 654-656, 655f 
of hatchling birds, 654 
Pink-backed pelican (Pelecanus rufescens) 
biological data for, 97t 
reference ranges for hematologic and serum 
parameters of, 98t 
Pinnipedia, 436-450 
anatomy of, 437-438 
diagnostics of, 445-446 
disease of, 446-448 
feeding of, 440-441 
general biology of, 436-437 
handling of, 441-444 
pharmaceuticals of, 445 
physical examination of, 445-446 
preventive medicine of, 448 
reproduction of, 448 
restraint of, 441-444, 442f 
chemical, 441-444, 442t 
physical, 441 
special housing requirements of, 438-440 
surgery of, 444-445 
Pinnipeds 
interferon-gamma release assays and 
serologic assays in, 706t-707t 
tuberculosis diagnostics in, 708 
Pinworm infections, in rodents, 398t—413t 
Piperacillin, 279t 
Piperazine, in rodents, 414t—415t 
Piroplasmosis, in nondomestic equids, 565t 
Pixels, in computed tomography, 661-662 
Plains rat, 387t 
Plasmacytosis, diseases of Mustelids, 
4841—485t 
Plasmodium, in great apes, 352t 
Plasmodium relictum, 138t, 243 
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Platypus, 247-255. see also Monotremata 
blood collection in, 251f 
diet, 250t 
diseases of, selected, 253t-254t 
selected reproductive parameters for, 254t 
special housing requirements for, 248 
taxonomy of, 247 
unique anatomy and special physiology of, 
247, 248t-249t 
Pleurodont teeth, 52 
Plumage, 199 
Pneu-Dart, 731f 
Pneu-Dart flashing LED tailpiece, 731f 
Pneumocystis, 319t-329t 
Pneumocystosis, in great apes, 351t 
Pneumonia 
in chelonians, 35t 
treatment of, 33 
in Mustelids, 484t—485t 
Pneumonyssus, in great apes, 352t 
Pneumothorax, in Sirenia, 455-456 
Podiceps nigricollis, 94 
Podicipedidae, 90t 
Podicipediformes, 89-95, 90t 
anatomy of, 91 
diagnostics of, 92-93 
disease of, 93-95 
feeding and diet of, 92 
general biology of, 89-91 
housing requirements of, 91-92 
physical examination of, 92-93, 93t 
preventive medicine of, 95 
reproduction of, 95, 95t 
restraint and handling of, 92 
surgery of, 92 
toxicities in, 94-95 
Pododermatitis 
in Anseriformes, 124 
in Canidae, 464 
in Charadriiformes, 115 
in penguins, 87 
in Phoenicopteriformes, 110 
Poecilogale albinucha, 478t-479t 
Polio, in great apes, 348t—349t 
Polychlorinated biphenyls (PCBs), diseases of 
Mustelids, 488t 
yeystic kidney disease (PKD), in pygmy 
hippo, 589 
Polymerase chain reaction (PCR) tests, in 
pasteurellosis, 378 
Polyprotodonts, 255-256 
Ponazuril, for snakes, 72t 
Poor hair coa 
in raccoons, 496 
in red pandas, 496 
Poor water quality, in caecilians, 24 
Porcine zona pellucida (PZP), 557 
Porcupines, 388, 392 
anatomy of, 384-385 
restraint/handling of, 389 
Porpoises. see Cetacea 
Porrocaecum spp., 137t 
Possums 
chemical restraint agents, regimens, and 
doses used in, 260b 
gastrointestinal system of, 256 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 


p 


° 


Postmortem examination, in veterinary 
program, 741 
Postpatagium, 651f 
Postweaning multisystemic wasting syndrome 
(PMWS), 573-581 
Potamochoerini tribe, 568 
Potent opioids, 540 
Potos flavus 
biologic data for, 492t 
neoplasms identified in, 496t 
Pouch lice. see Piagetiella sp. 
Povan. see Pyrvinium pamoate 
Poxvirus, in Falconiformes, 134t—135t 
Poxvirus infections 
in Ciconiiformes, 102t 
in Pinnipedia, 446 
Prairie dog 
biologic information of, 386t 
reproductive parameters of, 419t 
restraint/handling of, 389 
wild, 388 
Prairie marmot, hematologic parameters of, 
395t 
Praziquantel 
in Anseriformes, 124t 
in chelonians, 37t 
in Hyrocoidea, 537t 
in Mustelids, 487t 
in New World and Old World monkeys, 
311t-312t 
in Passeriformes, 239t 
in penguins, 85 
in rodents, 414t—415t 
in snakes, 72t 
Preanesthetics, rodents and, 393t—394t 
Precession, in magnetic resonance imaging, 662 
Preen gland infections, of penguins, 87 
Preferred optimal body temperature (POBT), in 
crocodilians, 40-41 
Preferred optimal temperature zone (POTZ), 1 
Pregnancy, diagnosis of 
in Cetacea, 433 
in Ursidae, 506 
Prehensile-tailed skink 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
Prenatal ultrasonography, in great apes, 341 
Preoxygenation, for rodents, 391 
Prescription records, analysis of, 728 
Preshipment examination, for felids, 475 
Preventive medicine program, 741 
parasite control, 741 
Prilocaine, in anurans, 3t 
Primaquine, 311t-312t 
Primary dental disease, clinical signs of, 382 
Primary remige follicle, extirpation, 656-660 
cryosurgery of, 658 
electrosurgical fulguration of, 658 
laser for, 659-660, 659f 
surgical excision of, 656-657, 657{-658f 
Priodontes maximus, 356t 
Pro Heart. see Moxidectin 
Proboscidea 
diagnostics of, 523-526 
disease in, 526-528 
feeding of, 519-520 
general biology of, 517 
handling of, 520-521 
infectious disease in, 526-528 


Proboscidea (Continued) 
noninfectious disease in, 528 
parasitic disease in, 528 
pharmaceuticals for, 522 
physical examination of, 523-526 
preventive medicine in, 530 
reproduction in, 529-530 
restraint of, 520-521 
special housing requirements of, 518-519 
surgery for, 521-522 
toxicities in, 528 
unique anatomy of, 517-518 
Proboscis monkey, 302t-304t 
Procaine penicillin, 523t 
Procavia spp., 533t 
Procellaridae, 89, 90t 
Procellariformes, 89-95, 90t 
anatomy of, 91 
diagnostics of, 92-93 
disease of, 93-95 
feeding and diet of, 92 
general biology of, 89-91 
housing requirements of, 91-92 
physical examination of, 92-93, 93t 
preventive medicine of, 95 
reproduction of, 95, 95t 
restraint and handling of, 92 
surgery of, 92 
toxicities in, 94-95 
Procyon cancrivorus, neoplasms identified in, 
496t 
Procyon lotor 
biologic data for, 492t 
neoplasms identified in, 496t 
Procyonids, 491-497 
anesthesia of, 493 
biology of, 491-492, 492t 
chemical restraint of, 493, 493t 
clinical chemistry reference values for, 494t 
diagnostics of, 493-495 
feeding of, 492-493 
handling of, 493 
hematology of, 494t 
infectious diseases of, 495 
neoplasms in, 496t 
noninfectious diseases of, 496-497 
physiology of, 492 
reproduction of, 497 
restraint of, 493 
special housing requirements of, 492 
surgery of, 493 
unique anatomy of, 492 
Progestin, 735-736 
synthetic, 736t 
Proliferative bowel disease (PBD), in rodents, 
398t-413t 
Proliferative ileitis, in rodents, 398t—413t 
Proligestone, 736t 
Pronghorns. see Antilocapridae 
Propatagiectomy, 656 
Propatagium, 651, 651f 
Propeller wounds, in Sirenia, 456 
Prophylactic antifungal drugs, in penguins, 86 
Propionylpromazine, 595t 
Propofol 
in Cetacea, 425 
in chelonians, 29t 
in crocodilians, 48t 
in great apes, 342t 


Propofol (Continued) 
in Hyrocoidea, 534t 
in Lagomorpha, 377t 
in lizards, 54, 54t 
in prosimians, 293t 
in rodents, 393t-394t 
in snakes, 62t, 63 
Propoxur, for Mustelids, 487t 
Prosimians, 291-301 
anatomy of, 291 
antimicrobials recommended for, 298t 
biology of, 291, 292t 
diagnostics of, 294 
drugs used for sedation, immobilization, and 
anesthesia in, 293t 
feeding of, 292 
handling of, 292-294 
hematologic parameters for, 295t 
housing requirements of, 291-292 
infectious diseases of, 294-298, 296t-297t 
medicine of, 299-300 
noninfectious diseases of, 298-299, 299t 
parasiticides used in, 298t 
reproduction of, 299, 300t 
restraint of, 292-294 
anesthesia, 293-294 
chemical, 293 
surgery, 293-294 
serum biochemical parameters for, 295t 
special physiology of, 292 
useful combination regimes for, 293t 
Prosthenorchis, 313t-318t 
Protein electrophoresis, 130 
Prothrombin time (PT), in owls, 191 
Protozoal diseases, in Pinnipedia, 447 
Protozoan parasites, in lizards, 59 
Provacia capensis, 532, 533f 
Proventricular worms, in Columbiformes, 
169t-170t 
Pseudogout, 669 
Pseudomonas aeruginosa, 158 
Pseudorabies, 504t 
Psittacid herpes virus (PsHV), 179t-180t 
Psittaciformes, 172-186 
anatomy of, 172 
characteristics of, 173t 
diagnostics for, 175 
disease in, 175—184 
feeding of, 172-174 
general biology of, 172 
housing requirements for, 172 
noninfectious diseases in, 175 
nutritional disorders in, 175 
pharmaceuticals for, 175 
physical examination of, 175 
preventive medicine for, 184 
reproduction of, 184 
restraint and handling of, 174 
sedation of, 174 
surgery for, 174-175 
toxicities in, 184 
trauma in, 175 
Psittacine beak and feather disease, 179t—180t 
Psittacosis, 176t-178t 
Psorergates, 313t-318t 
Psoroptes cuniculi, 380, 380f 
Psoroptes ovis, 648t, 649 
Pteronotus parnelli rubiginosis, 284 
Pteronura brasiliensis, 478t-479t 


Pteropus poliocephalus, 286-287 
Pteropus spp., 285 
Pterygodermitites nycticebi, 313t-318t 
Ptilinopus pulchellus (fruit dove), beak trauma, 
166f 
Puffinus puffinus, 93 
Pulmonary acariasis, 313t-318t 
Pulmonary edema, in Columbiformes, 167f 
Pulse oximetry, 392, 511-512, 511f, 540 
Purine degradation pathway, 668f 
Purple needletail, 214 
Pusa sibirica (Baikal seal), smallest pinniped, 
436 
Push rods, of monotreme, 247 
Pyantel pamoate, for Mustelids, 487t 
Pygmy hippo, 586 
chemical restraint agents used for, 587t 
hematologic parameters for, 588t 
serum biochemical parameters for, 589t 
Pygmy hog, 569t 
Pygmy swiftlet, 214 
Pylorus, 96 
Pyometra, in rodents, 418 
Pyrantel pamoate 
in Anseriformes, 124t 
in New World and Old World monkeys, 
311t-312t 
in rodents, 414t—415t 
Pyrethrin powder, in rodents, 414t-415t 
Pyrethrins, 537t 
Pyrethroids, for Mustelids, 487t 
Pyrimethamine 
in New World and Old World monkeys, 
311t-312t 
in penguins, 86 
Pyrvinium pamoate, 311t-312t 
PZP see Porcine zona pellucida (PZP) 


Q 
Quail bronchitis, 148 
Quail disease, 151 
Quarantine 
American Association of Zoo Veterinarians 
guidelines for, 741 
felids, 475 
rogram, in lizards, 59 
ratites, 80 
snakes, 73 
Quinacrine, 311t-312t 


° ° g Oo 


Rabbit hemorrhagic disease virus (RHDV), 
379 


Rabbit oral papillomatosis virus infection, 379 


Rabbit pinworm, 380 
Rabbit (Shope) papillomavirus, 379 
Rabbit syphilis, 378 
Rabbits, 375-384 
Rabies 
in Canidae, 462—463 
in great apes, 348t—349t 
in New World and Old World monkeys, 
319t-329t 
in nondomestic equids, 564t—565t 
in raccoons, 495 
in Ursidae, 504t 
Rabies viruses 
in Chiroptera, 287 
in Felidae, 472t—474t 


Rac 
Rad 
Rad 
Rad 
Rad 


Rai 


a 
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his, 651-652, 652f 

ial neurectomy, 653 
io-ulnar synostosis, 140 
iograph, of tuatara, 50f 
iography 


in adult bottlenose dolphins, 426-427 
in lizards, 55 


s. see Gruiformes 


Ramphastids 


natomy of, 231 


d 


iseases of, 234 


housing requirements of, 231-232 
Ranaviruses 

in anurans, 5-8 

in Caudata, 17 

in chelonians, 34t 

in snakes, 69-70 
Ranitidine, 372 
Raptor Taxon Advisory Group, 197 


Ra 


Rat 


Raptors, West Nile virus in, 710 
“Rare biosphere,” Pinnipedia and, 439 


biochemical parameters of, 397t 
biologic information of, 386t 

hematologic parameters of, 395t 
reproductive parameters of, 419t 


bite fever, in rodents, 398t—413t 


Ratites, 75-80 


feeding of, 77 
general biology of, 75 
housing requirements for, 76-77 


infectious disease in, 78 
morphologic and reproductive aspects of, 


76t 


noninfectious disease, 79-80 
nutritional diseases in, 79 
parasitic disease in, 78-79 
pharmaceuticals of, 77 
physical examination and diagnostics of, 78 
preventive medicine of, 80 
reproduction of, 80 
respiratory system in, 76 
restraint and handling of, 77 
surgery of, 77 
toxicities in, 80 
unique anatomy of, 75-76 
Rattlesnakes, 61-62 


Rav 


en, reference intervals for complete blood 
count/serum chemistry values for, 
240t-241t 


Recurvirostra americana 
hematologic parameters of, 114t 
serum biochemistry parameters of, 114t 


Red 


Red 


Red 
Red 
Red 
Red 


Red 


-billed Leiothrix, reference intervals for 
complete blood count/serum chemistry 
values for, 240t-241t 

-capped Cardinal, reference intervals for 
complete blood count/serum chemistry 
values for, 240t—241t 
colobus, 302t-304t 

-headed trogon, 218 
leg syndrome, 5-8 
maple leaf toxicity, in nondomestic equids, 
566t 
River hog (Potamochoerus porcus), 569t 


hematologic parameters for, 572t 
reproductive parameters of, 583t 
serum biochemical parameters for, 573t 
toe tip defects in, 582f 
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Red tide, 455 
Reduncinae 
induction of anesthesia, combinations of 
chemical restraint agents used for, 
633t-635t 
subfamily 
recommended housing conditions for, 
629t 
taxonomy and general characteristics of, 
627t-628t 
Remiges, anatomy and physiology of, 
651-652 
Remote delivery, 730-732 
Renal disease, in elephants, 528 
Renal gout, in tawny frogmouths, 204 
Reoviruses, in snakes, 70 
Reproductive control, of Marsupialia, 272 
Reproductive surgery, in parrots, 174 
Reproductive ultrasonography, 525 
Reptiles 
iron overload syndromes in, 675 
sex determination in, 717 
ultrasonography of, 715-717, 718f-719f 
Respiratory diseases 
in Musophagiformes, 208 
in ratites, 78 
Respiratory syncytial virus, in great apes, 
348t-349t 
Resplendent quetzal, 218 
Restraint 
of Anseriformes, 117-118, 118f 
of anurans, 3 
of Apodiformes and Coliiformes, 215 
of Bovidae (except sheep/goats) and 
Antilocapridae, 630-632 
f caecilians, 22 
f Camelidae, 594-595 
f Canidae, 460-461, 460f 
[ Caprimulgiformes, 201 
[ Caprinae species, 646 
f Caudata, 15, 15f 
[ Cetacea, 424 
of Charadriiformes, 113, 113f 
of chelonians, 28 
of Ciconiiformes, 100-101 
f Columbiformes, 166f 
Í crocodilians, 45, 45f 
f Cuculiformes, 187 
[ Equidae, 560-562 
quipment, 730-732 
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Restraint (Continued) 
of penguins, 84-85 
Phoenicopterilormes, 107, 108f 
Pholidota, 371-372 
Piciformes, 232 
Pinnipedia, 441-444, 442f 
Psittaciformes, 174 
ratites, 77 
snakes, 62 
suids, 571 
Tragulidae, Moschidae, and Cervidae, 
613-615, 614t 
Trochiliformes, 211 
Trogoniformes, 219 
tuatara, 50-51, 50f 
Tubulidentata, 515 
of Xenarthra, 358-360 
Rete mirabile, 423 
Retinal degeneration, in Camelidae, 600t 
Reversal agents, rodents and, 393t-394t 
Reverse dimorphism, in owls, 190 
Rhamphastidae, reproductive characteristics of, 
235t 
Rhinoceridae 
biology of, 538 
diagnostics of, 541-542 
diseases in, 542-545 
feeding of, 539 
female anatomy and reproduction of, 
545-546 
handling of, 539-541 
infectious diseases in, 542-543 
male anatomy and reproduction of, 546 
noninfectious diseases of, 544 
nutrition of, 539 
pharmaceuticals for, 541 
physical examination of, 541-542 
preventive medicine for, 546 
reproduction of, 545-546 
restraint of, 539-541 
chemical, 539-541 
physical, 539 
special housing requirements of, 538-539 
surgery for, 541 
toxicities of, 544 
unique anatomy of, 538 
Rhinoceroses, 538-547 
parasitic diseases of, 543-544 
reproductive parameters in, 545t 
Rhinoderma darwinii, reproduction of, 9-13 
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Rodentia, 384-422, 385b 


anatomy of, 384-385 
anesthesia/surgery of, 389-392 
antimicrobials, antiparasitic, and antifungal 
drugs commonly used in, 414t—415t 
Australian, 387t 
reproductive parameters of, 420t 
biochemical parameters of selected species 
of, 397t 
biology of, 384 
carnivorous species of, 386 
chemical restraint for, 389 
classification of, 384 
desert-living, 388 
diagnostics of, 392-396 
diseases of, 396-419 
diurnal species of, 386-387 
domesticated, biologic information of, 386t 
feeding of, 388-389 
captive, 388 
free-ranging, 388 
geographic distribution of, 384 
hematologic parameters of selected species 
of, 395t 
hematology/biochemistry of, 396 
housing requirements of, 386-388 
neutrophil parameters of selected species of, 
396t 
New World/Old World, biologic information 
of, 387t 
physiology of, 385-386 
reproduction of, 419-420 
restraint/handling of, 389 
sedatives, anesthetics, and analgesics 
commonly used in, 393t-394t 
selected infectious/zoonotic diseases of, 
398t-413t 
special conditions that require surgical 
intervention, 392 
teeth overgrowth in, 416-417 
unique nutritional requirements of, 389 
zoonoses/emerging diseases of, 414-416 


Rodents. see Rodentia 

Roller, in Coraciiformes, 226t—227t 
Ronnel, 311t-312t 

Rosalialges, 313t-318t 

Rotavirus, 379 

Roundworms, in Galliformes, 152 
Rousettus aegyptiacus, 286 

Routine GI stasis, 381-382 


Rhinos 
mean blood chemistry in, 542t 


f Falconiformes, 129-130, 129f 

f Felidae, 469 

f Galliformes, 145-146 

f Gaviiformes, Podicipediformes, and 
Procellariformes, 92 

of Giraffidae, 603 

of Gruiformes, 155-156, 156f 

f hippopotamus, 586 

f Hyaenidae, 510-512 

f hyraxes, 533 

f insectivores, 276 

f lizards, 53-54 

f Monotremata, 250-251 

[ Musophagiformes, 206 

f Mustelids, 480-481 

Í owls, 195-196 

of Passeriformes, 237, 238f 

of peccaries, 571 

of Pelecaniformes, 96-97 


Routine health examination, for felids, 475 
Routine preventive care, for Cetacea, 426 
mean hematology values in, 542t Ruptured muscle (subacute) syndrome, 642t 
Rickets Russell's Viper Venom Time (RVVT), in owls, 
Anseriformes, 118t 191 
in Camelidae, 601t Rut, male old world camels, 598 
Rickettsiae, in rodents, 398t—413t 
Rickettsialpox, in rodents, 398t—413t S 
Ringer solution, 9 Sacred langur, 302t-304t 
Rinjani scops owl (Otus jolandae), 189 Safe laparoscopic access, 692-693 
Roadrunners. see Cuculiformes Sagittarius serpentarius, 129 
Rock cavy Saimirine Herpesvirus 1 (SaHV1), 319t-329t 
biologic information of, 387t Saimirine Herpesvirus 2 (SaHV-2), 319t-329t 
reproductive parameters of, 420t Saki monkey, 302t-304t 
Rock hyrax, 532, 533f Salamanders, forelimb regeneration of, 18f 
Rockhopper penguin, ultrasonography of, Salientias (jumpers), 1 
Sally-gleaning, 218-219 


718f-719f 
Salmonella enterica arizonae, 64 


Rocky Mountain goat, 646t 
Rodent-borne hemorrhagic fevers, 416 Salmonella infection, in Rhinoceridae, 543 
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Salmonella newport, in Cetacea, 431 
Salmonella spp. 
in elephants, 527 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 94 
in Pinnipedia, 447 
Salmonella typhimurium, 553-554 
Salmonellosis 
in Anseriformes, 120t-121t 
in chelonians, 34t 
in Ciconiiformes, 102t 
in Columbiformes, 169t-170t 
in deer, 617t-620t 
in great apes, 350t 
in hummingbirds, 212t 
in mousebirds, 216 
in New World and Old World monkeys, 
319t—329t 
in Passeriformes, 243 
in Psittaciformes, 176t-178t 
in rodents, 398t—413t 
Sarcocystis calchasi sp. nova, 137t 
Sarcocystis spp., 137t 
Sarcoeystosis 
in Columbiformes, 167, 169t-170t 
in Psittaciformes, 183t 
in rodents, 398t—413t 
Sarcoids, in nondomestic equids, 564t—565t 
Sarcoptes, 313t-318t 
Sarcoptes scabiei 
in Caprinae, 648t, 649 
in great apes, 352t 
Sarcoptic mange, diseases of Mustelids, 486t 
Sarcosporidiosis, in Anseriformes, 123t 
SARS (Severe acute respiratory syndrome), 
670-672 
Savanna hawk. see Buteogallus meridionalis 
Scaly leg mites, 183t 
Scandentia 
biology of, 275 
reproduction of, 280 
Scapus, 651-652, 652f 
Schistosomiasis, 313t—318t 
Sciuromorpha, 385b 
Scolecophidians, 60 
Scrotal ablation, of Marsupialia, 261 
Scurvy, in rodents, 418 
Scute abnormalities, in chelonians, 35t 
Scutisorex somereni, 276 
Sea turtles 
horizontal beam view of 
anteroposterior, 32f 
lateral, 32f 
radiograph of, 30f, 32f 
venipuncture in, 31 
Seasonal delayed implantation, 499 
Secondary nutritional hyperparathyroidism, in 
Falconiformes, 129 
Secretary birds. see Falconiformes 
Sedation, of Bovidae and Antilocapridae, 631 
Selamectin, in rodents, 414t—415t 
Self-mutilation, diseases of Mustelids, 488t 
Semen, collected from pygmy hippo, 590 
Sendai virus infection, in rodents, 398t—413t 
Sengis, 275 
Sensory rictal bristles, in Caprimulgiformes, 
199 
Separation, versus contraception, 738-739 
Sepsis, in ramphastids, 234 


Septicemia 
in prosimians, 296t-297t 
in sick neonatal ruminant, 643t 
Septicemic cutaneous ulcerative disease, in 
chelonians, 34t 
Serologic testing, in chelonians, 32 
Serologic tests, 704-705 
Serotine bats, 284 
Serrato-spiculoides spp., 137t 
Serratospiculum spp., 137t 
Serum biochemistry, in Caprimulgiformes, 202 
Serum ferritin (SF), 675 
Serum iron (SD, 675 
Severe acute respiratory syndrome (SARS), 
670-672 
Sevoflurane 
in crocodilians, 48t 
in great apes, 342t 
in Hyrocoidea, 534t 
in Lagomorpha, 377t 
in lizards, 54 
in snakes, 62t 
Sexual dimorphism 
in Caudata species, 14 
in tawny frogmouths, 204 
Sexual maturity, in elephants, 529 
Shallow breathing, in penguins, 84-85 
Shearwaters. see Procellaridae 
Sheep. see Caprinae species 
Shell fracture, 30 
Shell rot, in chelonians, 35t 
Shell trauma, in chelonians, 35t 
Shigellosis 
in great apes, 350t 
in mother-reared infant gorilla, 734 
in New World and Old World monkeys, 
319t-329t 
Short-beaked echidna 
selected reproductive parameters for, 254t 
taxonomy of, 247 
unique anatomy and special physiology of, 
247, 249t 
Short-eared owl (Asio flammeus), physiological 
reference intervals for, 193t 
Shreger patterns, 517 
Sialodacryoadenitis, in rodents, 398t-413t 
Sicarius uncinipenis, 78-79 
Silver-sulfadiazine, for snakes, 71t 
Simakobu, 302t-304t 
Simethicone suspension, for Xenarthra, 367t 
Simian enteroviruses, 319t-329t 
Simian foamy virus (SFV) 
in great apes, 348t—349t 
in New World and Old World monkeys, 331 
Simian hemorrhagic fever virus (SHFV), 
319t-329t 
Simian immunodeficiency virus, in great apes, 
348t-349t 
Simian T-lymphotropic virus (STLV), in great 
apes, 348t-349t 
Single incision laparoscopic surgery (SILS), 
691 
Sirenia, 450-457 
acclimation in, 451-452 
anesthesia of, 452 
anxiety in, 451-452 
blunt trauma in, 455-456 
categories of illness and injury in, 453-455 
clinically important anatomy of, 450-451 
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Sirenia (Continued) 
critical care facility medicine and 
management in, 451 
diet of, 452 
environmental parameters for, 453 
facility, environmental parameters for, 453 
fishing gear in, 456 
health assessments of, 456 
human interaction of, 455 
infectious disease in, 455 
intoxication in, 455 
neonatal, maternally dependent calves in, 
453-455 
pain in, 451-452 
pneumothorax in, 455-456 
propeller wounds in, 456 
rehabilitation of, 451 
reproduction of, 455 
rescue of, 451 
restraint of, 452 
sedation of, 452 
selected infectious diseases of, 455t 
transport of, 451 
veterinary interaction with, 451-453 
watercraft injury of, 455-456 
Skin ulcers, 543-544 
Sleeping sickness, 313t-318t 
Slice, in magnetic resonance imaging, 662 
Slipper, 518, 519f 
Sloths, 355. see also Three-toed sloths 
(Bradypus); Two-toed sloths (Choloepus) 
anatomy of, 355 
antibiotic agents for, 366t-367t 
captive 
housing requirements for, 355 
trauma in, 360-365 
chemical restraint of, 358t-359t, 359-360 
diseases of, 364t 
drugs for, 367t 
information on, 357t 
reproduction for, 368 
Snakes, 60-74 
analgesia in, 62-63, 62t 
anesthesia for, 62-63, 62t 
antimicrobials used to treat, 71t 
bacterial diseases of, 64-69 
diagnostic sampling of, 63-64 
feeding of, 62 
ungal diseases in, 69 
handling of, 62 
hematology in, 64, 64t 
housing requirements of, 62 
nutritional diseases in, 72-73 
parasitic diseases in, 70-72 
parasiticides used to treat, 72t 
physical examination of, 63-64 
quarantine of, 73 
restraint of, 62 
skeletal system of, 61 
surgery of, 63 
taxonomy and geographic distribution of, 
60-61 
temperature mosaic in, 62 
viral diseases, 69-70 
Snowshoe hare virus, 380 
Snowy owl (Bubo scandiacus), physiological 
reference intervals for, 193t 
Snub-nosed monkey, 302t-304t 
Solenodons, 275 
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Somatic hearing, in snakes, 61 
Songbirds. see Passeriformes 
Sorex spp., 280t 
South African warthog (Phacochoerus africanus) 
hematologic parameters of, 572t 
serum biochemical parameters for, 573t 
South American camels (SACs) 
anatomy of, 593 
biology of, 592 
diagnostic procedures in, 595 
tuberculosis diagnostics in, 706 
Southwest carpet pythons (Morelia spilota 
imbricata) 
hematologic measures for, 67t 
plasma biochemical measures for, 68t 
Special senses 
in Caprimulgiformes, 199 
in Falconiformes, 127 
Spectacled owl (Pulsatrix perspicillata), 
physiological reference intervals for, 193t 
Sphenisciformes (penguins), 82-88 
anatomy of, 82-83 
antimicrobials and parasiticides commonly 
used in, 85t 
bacterial diseases of, 85-86 
biology of, 82 
blood sample collection of, 85 
blood transfusions in, 85 
clinical relevance of, 82-83 
conservation of, 87 
eeding and nutrition of, 84 
ungal diseases of, 85-86 
housing requirements of, 83-84 
identification methods of, 83 
noninfectious diseases of, 87 
nutritional disorders in, 87 
parasitic diseases of, 86 
restraint and anesthesia of, 84-85 
sexing of, 83 
species populations of, 83t 
surgery of, 85 
viral diseases of, 86-87 
Spider monkey, 302t-304t 
Spinifex hopping mouse, 387t 
Spinose ear tick, 600t-601t 
Spirocerca lupi, 463 
Spirochete-associated necrotizing typhlitis, in 
theas, 78 
Spirometra, in snakes, 71 
Spiruridosis, 169t-170t 
Spitting, in camelids, 594 
Splenic impression smear, 243f 
Spoonbills. see Ciconiiformes 
Sporotrichosis, in great apes, 351t 
Spotted hyenas, 509, 510f, 510t, 512t 
Springhaas, biologic information of, 387t 
Spurs, 61 
SQ iniections, 277 
Squeeze chutes, mechanical restraints, 631 
Squirrel, flying, 388 
Squirrel monkey, 302t-304t 
Staff/personnel, in veterinary care, 740 
“Standard/soft tissue filter”. see Low-pass filter 
Standing sedation, in Rhinoceridae, 540 
Staphylococcus spp., 379 
Stat-Pak, 526-527 
Steganopodes, 96 
Stephanofilaria dinniki, 543-544 
Sterilization, 735 


eroid hormones, 735-736 
eroids, for Falconiformes, 131t-133t 
omach worm infestation, 296t-297t 
orks. see Ciconiiformes 
orm-petrels. see Hydrobatidae 
treptococcus pneumoniae, 319t—329t 
ress dermatosis, in rodents, 417-418 
rigidae (true owls), 189 
rigiformes, 189-198 
anatomy of, 189-190 
biology of, 189 
conservation medicine for, 197 
diagnostics of, 190-191 
diet of, 190 
feet, feathers, beaks and talons management 
in, 190 
housing management in, 190 
infectious disease of, 191, 194t 
management of, 190 
noninfectious disease of, 191-195 
pain management of, 196 
physiology of, 189-190 
preventive medicine of, 190 
reproduction of, 197 
restraint of, 195-196 
behavioral, 195 
chemical, 196 
manual, 195-196 
surgery in, 196 
therapeutics for, 196 
Striped hyenas, 509, 510t, 512t 
Striped skunk 
biochemical parameters for, 483t 
hematologic parameters of, 483t 
Strix nebulosa, proper restraint of, 195f 
Strongid-T. see Pyrantel pamoate 
Strongyloides fulleborni, in great apes, 352t 
Strongyloides stercoralis, in great apes, 352t 
Strongyloidiasis, 313t-318t 
Styphlodora, 71 
Subcarapacal sinus, 31 
Subcutaneous mycoses, in rodents, 
398t-413t 
Subcutaneous transponder chips, 299-300 
Suboscines, 237 
Succinylcholine, for crocodilians, 48t 
Sucralfate, 372 
Suidae (Wild pigs), 568-584 
anatomy of, 568 
dental problems in, 581 
feeding of, 570 
housing requirements for, 570 
immobilization protocols for, 574t 
infectious diseases of, 573-581 
intubation of, 572-573 
reproduction of, 582 
restraint of, 571 
Suini tribe, 568 
Sula sula, 97t 
Sulfachlorpyridazine, 239t 
Sulfadiazine, 311t-312t 
Sulfadiazine-trimethoprim 
in Anseriformes, 124t 
in insectivores, 279t 
Sulfadimethoxine 
for chelonians, 37t 
in Galliformes, 151 
in Hyrocoidea, 537t 
for Mustelids, 487t 
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Sulfadimethoxine (Continued) 
in New World and Old World monkeys, 
311t-312t 
in rodents, 414t-415 
in snakes, 72t 
Sulfamerazine, in rodents, 414t—415t 
Sulfamethazine, in rodents, 414t—415t 
Sulfamethoxazole 
in Passeriformes, 239 
in snakes, 72t 
Sumatran orangutan, 337f 
Sumatran rhino, 538 
Superb Starling, reference intervals for 
complete blood count/serum chemistry 
values for, 240t-241t 
Superficial necrolytic dermatopathy, 544 
Superpods, 422 
Supracaudal gland, 459 
Surgery 
for amphibians, 3—4 
or Anseriformes, 119 
or anteaters, 366 
or anurans, 5f 
or Apodiformes and Coliiformes, 
215-216 
or Bovidae and Antilocapridae, 632-636 
for caecilians, 22-23 
or Camelidae, 595 
or Canidae, 461—462 
or Caprimulgiformes, 201 
or Caudata, 15 
for Cetacea, 425—426 
or Charadriiformes, 113 
or chelonians, 28—30 
or Ciconiilormes, 101 
or Columbiformes, 166, 167f 
or deers, 615 
for Equidae, 562 
for Falconiformes, 130 
or Galliformes, 146 
or Gaviiformes, Podicipediformes, and 
Procellariformes, 92 
or Giraffidae, 606 
for great apes, 343 
or hippopotamus, 586-588 
or hummingbirds, 211 
or hyraxes, 534 
or insectivores, 276-277 
for lizards, 55-56 
or monkeys, 306-307 
for owl, 196 
or Passeriformes, 238 
or Pelecaniformes, 97 
or penguins, 85 
or Phoenicopteriformes, 107-108 
for Piciformes, 232 
for Pinnipedia, 444-445 
or Psittaciformes, 174-175 
or ratites, 77 
or snakes, 63 
for suids, 572-573 
for tuatara, 51 
Surgical facilities, access to, 740 
Suricata suricatta 
biologic data for, 492t 
neoplasms identified in, 496t 
Surra, 600t 
Swamp deer (Rucervus duvaucelli), 612f 
Swiftlets, plumage of, 214 
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Swine 
infectious diseases of, 575t—577t 
parasitic diseases of, 578t—580t 
Swiss Animal Welfare Ordinance, 650 
Sylvatic plague, in rodents, 398t—413t 
Syngamus trachea, 137t, 152, 244 
Synhimantus spp., 137t 
Synovial chondromatosis, in owls, 195 
Systemic mycoses, in rodents, 398t—413t 


T 


T1 relaxation, in magnetic resonance imaging, 
662 
T2 relaxation, in magnetic resonance imaging, 
662 
Tachyglossidae, 247 
Tachyglossus aculeatus, 247 
Tahr, 646t 
Tail gland, 459 
Tailed amphibians. see Caudata (Urodela) 
Takin, 646t 
biochemical parameters of, 647t 
hematologic parameters of, 647t 
Talapoin monkey, 302t—304t 
Talpids, 275 
Tamandua, physical restraint for, 358 
Tamandua mexicana, 357t 
Tamandua tetradactyla, 357t 
chemical restraint agents for, 357t 
Tamarin, 302t-304t 
Tannins, 232, 283 
Tapeworm infections, in rodents, 398t-413t 
Tapeworms, in Falconiformes, 137t 
Tapiridae, 547-559 
American, clinical signs and potential 
etiologies in, 556t 
anatomy of, 547-549 
biologic information of, 548t 
diseases of, 553-555 
infectious, 553-554 
noninfectious, 555 
parasitic, 554-555 
feeding of, 550-551 
general biology of, 547 
health examinations for, 555 
hematology and serum chemistry values for, 
554t 
immobilize free-ranging tapirs, summary of 
protocols used to, 552t 
interferon-gamma release assays and 
serologic assays in, 706t-707t 
pharmaceuticals for, 551-553 
physical examination and diagnostics of, 
553, 553f, 555f 
physiological parameters and vital signs for 
adult, 548t 
preventive medicine for, 555 
reproduction of, 555-557 
restraint and handling of, 551 
special housing requirements for, 549-550 
surgery of, 551 
tuberculosis diagnostics in, 708 
vaccination of, 555 
watery diarrhea in, 554-555 
Tapirus bairdii, 548t, 552t 
health evaluation of, 554 
Tapirus indicus, 548t, 552t 
Tapirus pichanche, 552t 
Tapirus pinchaque, 548t, 552t 


Tapirus terrestris, 548t, 552t 
TASER X3W Wildlife CEW, 731, 732f 
Tauraco erythrolophus, hematology and plasma 
biochemistry values of, 207t 
Tauraco hartlaubi, neonatology of, 208 
Tauraco (Tauraco leucolophus), ultrasonography 
of, 718f-719f 
Taveta Golden Weaver, reference intervals for 
complete blood count/serum chemistry 
values for, 240t—-241t 
Tawny frogmouth (Podargus strigoides), 199, 
200f 
diurnal roosting, and nocturnal hunting 
behavior of, 200f 
hematologic and biochemical analysis for, 
203t 
normal, with cloudy eyes, 202f 
Taxidea taxus, 478t-479t 
Tayassuidae (Peccaries), 568-584 
anatomy of, 568 
biological data for, 569t 
dental problems in, 581 
feeding of, 570 
housing requirements for, 570 
immobilization protocols for, 574t 
infectious diseases of, 573-581, 575t-577t 
intubation of, 572-573 
parasitic diseases of, 578t—580t 
reproduction of, 582, 583t 
restraint of, 571 
[egu lizard 
hematologic parameters for, 56t 
plasma biochemical parameters of, 57t 
Telazol/medetomidine, for great apes, 342t 
Tele Dart, 731f 
Tenectomy, 653-654 
of adductor pollicis brevis muscle, 654 
of adductor pollicis longus muscle, 654 
of extensor metacarpi radialis longus muscle, 
653-054 
of supracoracoideus muscle, 654 
Tenotomy, 653-654 
of extensor metacarpi radialis longus muscle, 
653-054 
of superficial and deep pectoralis muscles, 
654 
of triceps brachii, 654 
Tenrec ecaudatus, 280t 
Terbinafine 
in penguins, 85t 
in rodents, 414t—415t 
in snakes, 71t 
Ternideniasis, 313t-318t 
Terrestrial Animal Health Code, 684b 
World Organization for Animal Health, 
686 
Tetanus 
in deer, 617t-620t 
in elephants, 527-528 
in New World and Old World monkeys, 
319t-329t 
in nondomestic equids, 564t-565t 
Tetracycline 
in Hyrocoidea, 536t 
in rodents, 414t—415t 
The Journal of Zoo and Wildlife Medicine 
(J¿WM), 681-682, 682f 
cover design, 682f 
editors of, 682b 
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The Transmissible Diseases Handbook, 670 
CD-ROM of, 673f 
EAZVVV, contents of, 672b 
Thiabendazole, 311t-312t 
Thiacetarsemide, for Mustelids, 487t 
Thiafentani 
in Equidae, 561 
in Giraffidae, 605t 
Thiafentanil/ketamine/medetomidine, 605t 
Thiamine deficiency 
in Falconiformes, 129 
in Mustelids, 488t 
in snakes, 73 
hin horn sheep, 646t 
horacoscopy, 689 
hread-necked strongyle, 600t-601t 
hree-toed sloths (Bradypus) 
blood collection from, 360f 
diet of, 355 
Thrush, 169t-170t 
Thyroid pathology, in raccoons, 496-497 
Tiabendazole, in rodents, 414t—415t 
Ticks, in rodents, 398t—413t 
Tiletamine 
in Bovidae and Antilocapridae, 632 
in Felidae, 470t 
in insectivores, 277t 
in rodents, 393t—394t 
in snakes, 62t 
in Ursidae, 500 
Tiletamine-zolazepam 
in bears, 501t 
in Camelidae, 595t 
in chelonians, 29t 
in Falconiformes, 130 
in great apes, 342t 
in Hyrocoidea, 534t 
in lizards, 54t 
in rodents, 390 
Tiletamine-zolazepam ketamine, 501t, 586t 
Tiletamine-zolazepam medetomidine, 501t 
Tinamous, 80-81 
anatomy of, 80 
biology and reproduction of, 80 
diseases of, 80-81 
Tinidazole, 311t-312t 
Tintibulation, 257 
Tioman virus, 288 
Tiopronin, 464 
Titi monkey, 302t-304t 
TNF-related apoptosis-inducing ligand (TRAIL), 
West Nile virus and, 711 
Toads, 1 
Tody, 226t-227t 
Toltrazuril 
in chelonians, 37t 
in Passeriformes, 239t 
in rodents, 414t—415t 
in snakes, 72t 
Tolypeutes, physical restraint of, 358 
Tolypeutes matacus, 356t 
chemical restraint agents for, 358t—359t 
Toothed whales, 422 
Tophi, 668-669 
Topical ophthalmic antibiotic, 63 
Torpor, 215. see also Facultative heterothermy 
types of, 257 
Torticollis, in domestic rabbits, 378 
Tortoises. see Chelonians 
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Total iron binding capacity (TIBC), 675 
Totipalmates, 96 
Toucans. see Piciformes 
Toxic diseases, in Chiroptera, 286-287 
Toxicities 
in Falconiformes, 138-141 
in Passeriformes, 244 
in tawny frogmouths, 204 
Toxicofera, 61 
Toxicoses, in Pinnipedia, 448 
Toxins 
in Anseriformes, 125t 
in caecilians, 24 
in Columbiformes, 168 
in Gruiformes, 162 
Toxocara pteropodis, 284-285 
Toxoplasma gondii 
in Falconiformes, 137t 
in Mustelids, 486t 
in ratites, 79 
Toxoplasmosis 
in Mustelidae, 504t 
in New World and Old World monkeys, 
313t-318t 
in prosimians, 296t-297t 
in rodents, 398t—413t 
Tragulidae, 611-625 
anatomy of, 611 
biochemical parameters of, 616t 
biologic information and conservation status 
of, 612t 
diagnostics of, 615 
differential diagnosis of, 621-623 
feeding of, 612-613 
general biology of, 611 
hematologic parameters of, 615t-616t 
infectious diseases of, 615-621, 617t-620t 
noninfectious diseases of, 621 
parasitic diseases of, 621, 622t 
physical examination of, 615 
preventive medicine of, 623 
reproduction of, 623-624, 623t 
restraint/handling of, 613-615, 614t 
behavioral, 613 
physical, 613 
special housing requirements of, 611-612 
surgery of, 615 
treatment of, 623 
TRAIL. see TNF-related apoptosis-inducing 
ligand (TRAIL) 
Tramadol 
in chelonians, 29t 
in crocodilians, 48t 
in rodents, 391, 393t—394t 
in Ursidae, 506 
in Xenarthra, 367t 
Tranquilization, of Bovidae (except sheep and 
goats), 631, 631t 
Transboundary animal diseases, 636, 
638t-639t 
Transcutaneous ultrasonography, in reptiles, 
715 
Transmitter darts, 731f 
Transport, in prosimians, 300 
Trapping, 460-461 
Trauma 
blunt, in Sirenia, 455-456 
in caecilians, 24 
in Charadriiformes, 115 


Trauma (Continued) 

in Ciconiiformes, 101 

in crocodilians, 43 

in Cuculiformes, 187-188 

in Falconiformes, 138-140 

in Gruiformes, 160 

in Passeriformes, 244 

in Phoenicopteriformes, 110 

in Psittaciformes, 175 

in trogonids, 222 

in tuatara, 51 
Traumatic injuries, in Caprimulgiformes, 201 
Tree shrews, 276, 280 
Trematode dinobdelliasis, 313t-318t 
Trematodes. see also Mesostephanus 

appendiculatoides 
in chelonians, 36t 
Trematodiasis, in Anseriformes, 123t 
Treponema paraluiscuniculi, 378 
Triamcinolone, 175 
Tricaine methanesulfonate (MS-222) 

in anurans, 3t 

in Caudata, 16t 
Trichechus manatus, 452t 
plasma clinical biochemistry analytes in 
free-ranging and captive, 453t 
Trichinella infections, 505 
Trichinella pseudospiralis, 137t 
Trichobezoars, 299t 
Trichomonas, 313t-318t 
Trichomonas gallinae, 137t, 138f 
Trichomoniasis, in Columbiformes, 167, 
169t-170t 
chostrongyles, 648t 
Trichostrongylus tenuis, 78-79 
Trichuris trichura, in great apes, 352t 
Trichuris (whipworms), 313t-318t 
Trimethoprim 
in Passeriformes, 239t 
in snakes, 72t 
Trimethoprim sulfa 
in Proboscidea, 523t 
in Sphenisciformes (penguins), 85t 
Trimethoprim/sulfa, in rodents, 414t—415t 
Trimethoprim-sulfadiazine, 536t 
Trimethoprim-sulfadimethoxine, in snakes, 
71t 
Trimethoprim-sullamethoxazole 

in Anseriformes, 121t 

in chelonians, 36t 

in Hyrocoidea, 536t 

in Xenarthra, 366t—367t 
Trochiliformes (hummingbirds), 209-213 

anatomy of, 210-211 

anesthesia of, 211 

biology of, 209-210 

diagnostics of, 211 

diseases of, 211-212 

energy conservation in, 210 

energy metabolism in, 210 
eeding of, 211 
handling of, 211 
housing requirements of, 211 
nervous system of, 211 
physical restraint of, 211 
physiology of, 210-211 
reproduction of, 212 
surgery of, 211 
ongues of, 210f 
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Trogon violaceus, 224 

Trogon viridis, 219t-220t, 223t 
Trogonids. see Trogoniformes 
Trogoniformes, 218-225 


Tr 
Tr 
Tr 
Tr 


anatomy of, 218 

biology of, 218 

diagnostics of, 219, 219t-220t 

diseases of, 219-224 

gastrointestinal system, diseases in, 222-224 

housing and feeding requirements of, 
218-219 

longevity of, 219 

nervous system, diseases in, 224 

physiology of, 218 

reproduction of, 223t, 224 

restraint and anesthesia of, 219 

urogenital system, diseases in, 224 

opicbirds. see Pelecaniformes 

ue deer, 611 

ue marmoset, 302t-304t 

ypanosomes, in Falconiformes, 138t 


Trypanosomiasis 


Ts 


in Camelidae, 600t 

in New World and Old World monkeys, 
313t-318t 

etse flies, 543 


Tuatara 


Tu 
Tu 


anatomy of, 49-50 

biology of, 49-52 

chemical restraint of, 50-51 

diseases of, 51 

feeding of, 50 

gravid, radiograph of, 50f 

growth and development of, 50 

housing features of, 50 

metabolic conditions of, 51 

mycoses in, 51 

parasites in, 51 

physical restraint of, 50, 50f 

physiology of, 49-50 

reproduction of, 50 

surgery of, 51 

axonomy and status of, 49 

rauma in, 51 

ultrasonography of, 718f-719f 

veterinary care of, 49-52 

bal ligation, 735 

berculin skin test (TST) 

for domestic sheep and goats, 647 

intradermal, 704 

in New World and Old World monkeys, 
330 


Tuberculosis (TB) 


in Anseriformes, 120t-121t 
antemortem diagnostics in zoo animals, 
703-710 
direct test, 704 
indirect test, 704—706 
in deer, 621 
in great apes, 350t 
in hummingbirds, 212t 
in Mustelids, 484t—485t 
in otariid pinnipeds, 446 
in Proboscidea, 526 
in prosimians, 296t-297t 


Tubulidentata, 514-516 


anatomy of, 514 


blood samples of, 515 
body temperature in, 514 


Tubulidentata (Continued) 
diseases of, 515 
feeding of, 515 
hematology and biochemistry values for, 
516t 
housing requirements for, 514-515 
physical examination and diagnostics of, 
515 
physiology of, 514 
reproduction of, 515-516 
restraint and handling of, 515 
Tularemia 
in Lagomorpha, 378 
in prosimians, 296t-297t 
in rodents, 398t—413t 
Tupaia spp., 280t 
Tupaia tana, 277t-278t 
Tupaiidae, 275 
Tupaiids, 276 
Turacos. see Musophagiformes 
Turacoverdin, 206 
Tursiops aduncus (Indo-Pacific bottlenose 
dolphin), reproductive characteristics of, 
433t 
Tursiops truncatus (Bottlenose dolphins) 
biological information of, 423t 
hematologic parameters of, 427t 
reproductive characteristics of, 433t 
serum biochemical parameters for, 428t 
Turtles. see Chelonians 
Tushes, 517 
Tusks, 517 
Two-toed sloths (Choloepus) 
diet of, 355 
housing requirements for, 355 
physical restraint for, 358 
Twycross Zoo-East Midland Zoological Society, 
726 
Tylopoda, 593 
Tylosin, 121t, 279t 
Type A orthomyxovirus, in Anseriformes, 
120t-121t 
Typhlonectes natans, 20-22 
Batrachochytrium dendrobatidis (Bd) infections 
in, 24 
chytridiomycosis in, 24 
persistent cloacal prolapse in, 22-23 
renal failure in, 24 
surgery in, 22-23 
Tytonidae (barn owls), 189 
Tyzzer disease 
in red pandas, 495 
in rodents, 398t—413t 


U 


Uakari, 302t—304t 

UK Wildlife: First Aid and Care, 725 
Ulcerative dermatopathy, 544 
Ulcerative enteritis 

in Galliformes, 151 

in Piciformes, 234 

Ulcerative skin disease, 544 
Ultrapotent opioids, for nondomestic bovid 
species, 632 

Ultrasonography, 33 

in amphibians, 715, 716f-719f 
in birds, 717-719, 720f-721f 
in Cetacea, 426 


Ultrasonography (Continued) 
early application of, 721 
in fish, 714-715 
in great apes, 341, 343, 343f 
in lizards, 55 
in mammals, 719-721 
in orangutan, 341f 
in owls, 191 
in reptiles, 715-717, 718f-719f 
primary use of, 717 
skin thickness and, 720-721 
in snakes, 64 
in wildlife species, 714-723 
Ultraviolet (UV) lighting, in snakes, 62 
United States Department of Agriculture 
(USDA), 336 
Urate, 667 
Urate crystals, 668 
Urial, 646t 
biochemical parameters of, 647t 
hematologic parameters of, 647t 
Uric acid, 667 
Urinalysis, clinical pathology, of Marsupialia, 
262-265 
Urinary obstruction, in rodents, 418 
Urine collection 
in great apes, 343 
in rodents, 396 
Urolithiasis 
in ex situ bottlenose dolphins, 432 
in Giraffidae, 608 
in Mustelids, 488t 
Ursidae, 498—508 
anatomy of, 498 
behavioral medicine of, 507 
biology of, 498, 499t 
diagnostics of, 500-502 
diseases of, 502-506 
feeding of, 499-500 
geriatric medicine of, 507 
handling of, 500 
housing requirements of, 499 
preventive medicine of, 507 
quality-of-life considerations of, 507 
reference values for hematologic parameters 
for, 502t 
reproduction of, 506-507 
restraint of, 500 
chemical, 500 
special physiology of, 498-499 
U.S. Department of Agriculture (USDA) Animal 
Welfare Act, 460 
U.S. Drug Enforcement Administration 
(US-DEA), 686 
US-DEA. see U.S. Drug Enforcement 
Administration (US-DEA) 
Uterine adenocarcinoma, in Lagomorpha, 383, 
383f 


V 


Vaccination 
for Cetacea, 434 
for felids, 475 
for nondomestic canids, 465t 
for procyonids, 495 
for prosimians, 300 
for Ursidae, 507 
for viverids, 495 
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VALBAZEN. see Albendazole 
Valley fever, 600t 
Valley garter snake (Thamnophis sirtalis fitchi) 
hematology and plasma biochemistry 
reference in, 65t 
median hematology and plasma biochemistry 
values, 66t 
Vane, 651-652, 652f 
Vanellus miles 
hematologic parameters of, 114t 
serum biochemistry parameters of, 114t 
Varicella virus, in great apes, 348t-349t 
Vasectomy, 737-738 
laparoscopic, 696f 
in Marsupialia, 261 
Velvet, in deer, 611 
Venezuelan equine encephalitis virus (VEEV), 
543 
Venipuncture 
in Anseriformes, 119-120 
in chelonians, 31 
in Passeriformes, 238-239 
in Rhinoceridae, 541 
Ventriculoperitoneal shunt, laparoscopy-assisted 
placement of, 695f 
Verreauxs eagle owl (Bubo lacteus), physiological 
reference intervals for, 193t 
Verrucae, 530 
Vertebral fracture, in domestic rabbits, 382 
Vervet monkey, 302t-304t 
Vesicular dermatitis, in Tapiridae, 555 
Vesicular/ulcerative dermatitis, in caecilians, 
24 
Vestibular dysfunction, 380 
Veterinarians 
legal overview for, 683—688 
roles in conservation medicine and One 
Health, 699-701, 700b, 700f 
significant contributions of, 700 
unlawful practice of veterinary medicine, 
686 
and veterinary para-professionals, 684b 
in veterinary program, 741 
Veterinary care, 686, 740-741 
management for, 741 
program for, 740-741 
stafİ/personnel in, 740 
Veterinary facilities, 741-742 
Veterinary program, 740-741 
coordinator, 740 
Veterinary sciences, 699 
Veterinary staff, laboratory support, 740 
Vicugna pacos, 593t 
Vicugna vicugna, 593t 
Vicuña, 593t 
Video surgery. see Minimally invasive surgery 
(MIS) 
Violacein, 17 
Violaceous trogon, 224 
Violet gland, 459 
Viral camelpox, 599t 
Viral canine distemper, diseases of Mustelids, 
484t-485t 
Viral diseases 
in anurans, 5-8, 10t-11t 
in Cetacea, 427-431 
in Columbiformes, 166-167, 169t-170t 
in crocodilians, 43t—44t 
in Galliformes, 147-150, 149t 
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Viral diseases (Continued) 
in Gaviiformes, Podicipediformes, and 
Procellariformes, 93-94 
in Giraffidae, 606-607 
in great apes, 344, 348t—349t 
in Gruiformes, 158 
in hyraxes, 535 
in Lagomorpha, 379-380 
in lizards, 58 
in Mustelids, 482 
in Passeriformes, 242 
in penguins, 86-87 
in Pinnipedia, 446 
in Psittaciformes, 179t-180t 
in snakes, 69-70 
in Ursidae, 504t 
Viral Diseases of Great Apes: Part 1, 725 
Viral hemorrhagic enteritis, in Ciconiiformes, 
102t 
Viral hepatitis, 319t-329t 
Viral infections, in prosimians, 294 
Virginia opossum 
hematology reference ranges for, 262t 
serum biochemistry reference ranges for, 
263t—264t 
Visayan warty pig (Sus celebrifons), 569t 
fractured upper canine in, 581f 
hematologic parameters for, 572t 
serum biochemical parameters for, 573t 
toe tip trauma in, 582f 
Viscacha 
biologic information of, 387t 
hematologic parameters of, 395t 
reproductive parameters of, 420t 
Vitamin A deficiency, in Falconiformes, 129 
Vitamin D deficiency, in great apes, 336 
Vitamin E deficiency 
in Ciconiiformes, 101-103 
in Falconiformes, 129 
in Ophidia (snakes), 73 
Vitamin K, for Xenarthra, 367t 
Viveridae, 509 
Viverids, 491—497 
anatomy of, 492 
anesthesia of, 493 
biology of, 491-492, 492t 
chemical restraint of, 493, 493t 
clinical chemistry reference values for, 
494t 
diagnostics of, 493-495 
feeding of, 492-493 
handling of, 493 
hematology of, 494t 
infectious diseases of, 495 
neoplasms in, 496t 
noninfectious diseases of, 496-497 
physiology of, 492 
reproduction of, 497 
restraint of, 493 
special housing requirements of, 492 
surgery of, 493 
Viverra tangalunga, neoplasms identified in, 
496t 
Viverra zibetha, neoplasms identifted in, 496t 
Voriconazole 
in Passerilormes, 239t 
in penguins, 85t 
in snakes, 69, 71t 
Vormela peregusna, 478t-479t 


Voxel, in computed tomography, 661-662 


Vulpes zerda, hematology reference intervals for, 


728f 


w 


Wangiella dermatitidis, 288 
Warthogs, anatomy of, 568 
Warts, 599t 
Waste, handling, 733 
Water quality, in Pinnipedia, 439 
Water rat, 387t 
Waterfowl: Health and Management, 725 
Waterfowls. see Anseriformes 
West African lungfish, ultrasonography of, 
716f-717£ 
West Nile fever, 296t-297t 
West Nile neuroinvasive disease (WNND), 
710 
West Nile virus (WNV) 
in bears, 504t 
in Ciconiiformes, 102t 
detection of, 701 
in Falconiformes, 134t-135t 
in great apes, 348t—349t 
in Gruiformes, 158 
in killer whale, 431 
long-term sequelae of, 711 
in New World and Old World monkeys, 
319t-329t 
in penguins, 86 
in Phoenicopteriformes, 110 
updates on, 710-713 
vaccination for, 712 
viral persistence of, 711 
Western lowland gorilla, ultrasonography of, 
720f-721f 
Whales. see Cetacea 
VVhipvvorms, 600t—601t 
VVhite-eyed mangabey, 302t-304t 
White-headed Buffalo Weaver, reference 
intervals for complete blood count/serum 
chemistry values for, 240t-241t 
White nose syndrome, 286 
White-tailed trogon, 219t-220t, 223t 
Whole blood clotting time, in owls, 191 
Whooping crane, with aspergillosis, 156f 
Wild animals 
egal status of, 683 
surveillance of disease in, 701 
Wild Bactrian camel, 593t 
Wild boar, 569t 
dental attrition in, 581f 
Wild equids 
hematologic parameters in, 563t 
serum biochemical parameters for, 
563t—564t 
Wild pigs. see Suidae 
Wild sloths, diet of, 355 
Wildlife 
species, ultrasonography of, 714-723 
surveillance of disease in wild animals, 
701 
Wildlife: Oil Spill Response, 725 
Wildpro, 724-726 
accessibility of, 726 
future of, 726 
library, 725 
methods of navigation of, 725 
pictures and videos in, 725 


Wildpro (Continued) 
proof of concept, 724 
referencing and refereeing in, 724-725 
structure and design of, 724 
techniques, 724 
volumes, 725 
websites, 725 
Wing 
anatomy of, 650-651, 651f 
feather trimming, 652-653, 653f 
four patagia of, 651f 
joint, arthrodesis of, 656 
physiology of, 650-651 
WNND. see West Nile neuroinvasive disease 
(WNND) 
VVNV. see West Nile virus (WNV) 
Wobbly hedgehog syndrome, 280 
Wombats 
capture and physical restraint of, 259 
chemical restraint agents, regimens, and 
doses used in, 260b 
chemical restraint of, 259 
dentition of, 255-256 
gastrointestinal system of, 256 
hospital and convalescent diets for, 258b 
sick/injured, housing requirements for 
hospitalization of, 258b 
skin of, 256 
Woodchuck 
biologic information of, 387t 
reproductive parameters of, 420t 
VVoodhoopoe, 226t-227t 
Woodpeckers. see Piciformes 
Woolly monkey, 302t-304t 
Woolly spider monkey, 302t-304t 
World Association of Zoos and Aquariums 
(WAZA), 699 
global footprint of in situ programs by, 
702f 
VVorld Health Organization (VVHO), 
526-527 
VVrynecks, reproductive characteristics of, 
235t 


x 


Xenarthra, 355. see also Anteaters; Armadillos; 
Sloths 
anatomy of, 355 
antibiotic agents for, 366t—367t 
biochemical parameters of, 362t 
chemical restraint for, 358, 358t—359t 
drugs for, 367t 
hematologic parameters of, 361t 
reproduction of, 366-368 
Xenopus laevis, withdrawing eggs in, 5f 
Xylazine 
in chelonians, 29t 
in elephants, 521t 
in Felidae, 470t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in Giraffidae, 605t 
in Hippopotamidae, 586t 
in Hyrocoidea (hyrax), 534t 
in insectivores, 277t 
in rodents, 393t-394t 
in Tapiridae, 551 
in Ursidae, 500 
Xylazine/butorphanol, 595t, 605t 


Xylazine/etorphine/ketamine, 605t 

Xylazine hydrochloride (HCI), 595t 

Xylazine/ketamine, 595t, 605t 

Xylazine/ketamine/butorphanol, 595t 

Xylazine plus, 521t 

Xylocaine, in Florida manatee (Trichechus 
manatus latirostris), 454t 


Y 


Yaba-like disease virus (YLDV), 319t—329t 
Yaba monkey tumor virus (YMTV), 
313t-329t 

Yellow fever, 319t—329t 
Yellow-tailed woolly monkey, 302t-304t 
Yersinia, 319t-329t 
Yersinia pseudotuberculosis, 285 
Yersiniosis 

in bears, 504t 

in deer, 617t-620t 

in great apes, 350t 

in Hyrocoidea, 535 


Yersiniosis (Continued) 
in Passeriformes, 243 
in rodents, 398t—413t 
Yohimbine 
in crocodilians, 48t 
in Florida manatee (Trichechus manatus 
latirostris), 454t 
in rodents, 393t—394t 


z 


Zaedyus pichiy, 3561 
chemical restraint agents for, 358t-359t 
Zolazepam, 277t, 500, 586t 
in Felidae, 470t 
in rodents, 393t—394t 
in snakes, 62t 
Zona pellucida vaccines, 737 
Zoo and wildlife species, applicable test on, 
705t 
Zoologic institutions, global sharing of medical 
information, 726-729 
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Zoologic veterinarians. see Veterinarians 
Zoological Information Management System 
(ZIMS), 726-729 
standardized diagnoses of, 729 
Zoonotic diseases 
guidelines for the management of, 733-734 
sample zoonosis scenarios, 734 
steps in managing, 734b 
systematic process, 733-734 
identilying triggers, 733 
isolating animal, 733 
medical management, 734 
notilying stakeholders, 733 
reporting to regulatory authorities, 734 
vvaste handling, 733 
transmissible from nonhuman primates, 
684b 
Zosterops palpebrosus, 238f 
Zuclopenthixol 
in Equidae, 560-561 
in Ursidae, 507 
Zygodactyly, in Cuculiformes, 186 


